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1.0 INTRODUCTION 

The Wittmann Area Drainage Master Study (ADMS) covers the  l a r g e l y  

undeveloped 322 square m i l e  bas in  t h a t  d ra ins  t o  McMicken Dam and t h e  

McMicken Dam O u t l e t  Channel. It i s  one o f  a number o f  basin-wide 

master drainage s tud ies  t h a t  a re  be ing  c a r r i e d  ou t  by the  Flood Contro l  

D i s t r i c t  o f  Maricopa County. The purpose o f  these s tud ies  i s  t o  

i d e n t i f y  e x i s t i n g  drainage problems and t o  p lan  f o r  f u t u r e  development 

and stormwater management. 

The r e s u l t s  of the  Wittmann Area Drainage Master Study are  publ ished as 

two separate repor ts .  Pa r t  A: Hydrology and Hydraul ics, summarizes 

the  r e s u l t s  o f  the  hydrology study and exp la ins  the  methods and 

assumptions used i n  developing the  hydro log ic  model. I n  addi t ion,  the  

basic  assumptions and methodology used t o  de f i ne  the  f l o o d p l a i n  and 

floodways are  covered i n  Pa r t  A. This  repo r t ,  Pa r t  B: Stormwater 

Management Plans, addresses f u t u r e  development and i d e n t i f i e s  e x i s t i n g  

drainage problems. Inc luded are  a l t e r n a t i v e  so lu t i ons  f o r  each 

i d e n t i f i e d  drainage problem along w i t h  cos t  estimates. 

Since t h e  s tudy  area i s  most ly  undeveloped, i t  i s  envisioned t h a t  

stormwater management w i l l  be p r i m a r i l y  non-st ructura l  and w i l l  u t i l i z e  

the  e x i s t i n g  washes and adjacent f l o o d p l a i n s  t o  form t h e  bas is  of t h e  

drainage i n f r a s t r u c t u r e  f o r  the  area. The na tu ra l  washes i n  the  study 

area should be u t i l i z e d  t o  main ta in  e x i s t i n g  drainage pa t te rns  which 

wi 11 he lp  t o  preserve na tu ra l  channel storage. 

Stormwater management p lans were developed f o r  t h e  Wittmann study area 

t o  help address f u t u r e  development and de f i ne  e x i s t i n g  f l o o d i n g  

problems. A l t e r n a t i v e  so lu t ions ,  p r e l i m i n a r y  plans, and cos t  est imates 

have been prepared f o r  the  e x i s t i n g  problem areas. The stormwater 

management p lan  i s  t o  u t i l i z e  the  de l ineated f loodp la ins ,  floodways, 

and ponding areas t o  manage f u t u r e  development. 





I 
2.0 STORMWATER MANAGEMENT PLAN FOR FUTURE DEVELOPMENT 

I 
The study area i s  c u r r e n t l y  undeveloped except f o r  the  communities o f  

I Wittmann and C i r c l e  City and a  few scat te red  r e s i d e n t i a l  developments. 

Consequently, i n  most cases, the  e x i s t i n g  washes are  i n  t h e i r  na tu ra l  

I 
cond i t ion .  This  s i t u a t i o n  provides the  oppor tun i t y  t o  d i r e c t  f u t u r e  

development w i t h  sound f l o o d p l a i n  management and drainage p rac t i ces  and 

avo id  the need f o r  expensive f l o o d  c o n t r o l  s t ruc tures .  

I 
The f l o o d p l a i n  de l i nea t i ons  i n  the  study area are  based on ex i s t i ng ,  o r  

I undeveloped, cond i t ions .  Without good f l o o d p l a i n  management p rac t i ces  

and stormwater r e t e n t i o n  requirements, t h e  peak discharges w i l l  

I increase which w i l l  add t o  the  f l o o d  hazard along the  e x i s t i n g  washes. 

Moreover, the  e n t i r e  s tudy area dra ins  t o  McMicken Dam and any increase 

I 
i n  volume and peak r a t e  o f  r u n o f f  could make the  dam unsafe. 

2.1 F loodp la in  Management 

Future growth should comply w i t h  the  "F loodpla in Regulat ion f o r  

Maricopa County'' t o  e l im ina te  p o t e n t i a l  f l o o d  hazards. 

A d d i t i o n a l l y ,  development should be encouraged t o  leave the  washes 

i n  t h e i r  e x i s t i n g  s t a t e  w i thout  encroaching i n t o  the  f loodway 

f r i n g e .  One way t h a t  t h i s  might be accomplished i s  b y  a l l ow ing  

h igher  d e n s i t i e s  ou ts ide  t h e  100-year f l oodp la in .  Thereby 

p rov id ing  a  " t rade o f f "  which would a l l ow  the f l o o d p l a i n  t o  remain 

c l e a r  o f  development. 
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The b e n e f i t  der ived from preserv ing the  na tu ra l  deser t  washes i s  

t h a t  the  channel storage w i l l  be maintained. Channel izat ion and 

encroachment i n t o  the  f l o o d p l a i n  would r e s u l t  i n  a decrease i n  

channel storage and an increase i n  channel t r a v e l  time. Both o f  

these f a c t o r s  tend t o  increase the  peak r a t e  o f  r u n o f f  and the  

volume o f  runo f f .  By rese rv ing  t h e  100-year f l o o d p l a i n  f o r  

conveyance o f  f loodwater, channel t r a v e l  t imes and storage w i l l  be 

maintained which w i l l  he lp  i n  c o n t r o l 1  i n g  f l ood ing  and preserv ing 

the  i n t e g r i t y  o f  the  McMicken Dam and O u t l e t  Channel. 

2.2 Drainage Design 

Drainage design should f o l l o w  t h e  gu ide l ines  s e t  f o r t h  i n  t h e  

"Uniform Drainage P o l i c i e s  and Standards f o r  Maricopa County". O f  

p a r t i c u l a r  importance i s  the  requirement t o  r e t a i n  stormwater 

r u n o f f  from the  100-year, 2-hour r a i n f a l l  event. Stormwater 

r e t e n t i o n  i s  important  f o r  the  same reasons as preserv ing the  

channel storage. That i s ,  t o  c o n t r o l  the  increased peaks and 

volumes o f  r u n o f f  so t h a t  the  f l o o d  hazard i n  the  e x i s t i n g  

f l o o d p l a i n s  i s  no t  increased and McMicken Dam remains safe. 



3.0 EXISTING STORMWATER DRAINAGE PROBLEMS AND ALTERNATIVE SOLUTIONS 

Par t  o f  the  Wittmann ADMS was t o  i d e n t i f y  e x i s t i n g  f l o o d i n g  problems 

and develop m i t i g a t i n g  so lu t ions .  I n  most cases the  hazards are 

r e l a t i v e l y  minimal a t  t h i s  t ime because the re  i s  ve ry  l i t t l e  
development i n  the s tudy  area. However, as development takes p lace 

many o f  these e x i s t i n g  f l o o d i n g  problems w i l l  become inc reas ing l y  

severe. 

A p u b l i c  involvement meeting was he ld  on A p r i l  9, 1986 a t  Nadaburg 

School i n  Wittmann, t o  discuss the  Wittmann ADMS. A t  t h i s  meeting, 

several e x i s t i n g  drainage problems were po in ted  ou t  b y  the  l o c a l  

res idents,  p a r t i c u l a r l y  w i t h  respect  t o  veh i cu la r  access dur ing  major 

storms. These issues, along w i t h  several o ther  f l ood ing  problems t h a t  

were i d e n t i f i e d  through the  hydro log ic  and hyd rau l i c  analyses, have 

been analyzed. So lu t ions  t o  these drainage problems, i n c l u d i n g  cos t  

est imates and p r e l i m i n a r y  schematic plans, have been developed f o r  each 

problem area. The f o l l o w i n g  paragraphs describe the  i d e n t i f i e d  

drainage problems and t h e i r  so lu t ions .  

3.1 Pat ton  Road and CAP Canal Area 

This area has been prone t o  f l o o d i n g  du r ing  l a r g e  storm events. 

There are  two main problems t h a t  have been i d e n t i f i e d  b y  the  l o c a l  

res idents.  F i r s t ,  water ponds behind t h e  CAP Canal and f l oods  

203rd Avenue a t  the  Wittmann Wash c ross ing  making t h e  roadway 

impassable. I n  add i t ion ,  the  HEC-1 r a i n f a l l  r u n o f f  model 

i n d i c a t e s  t h a t  t h e  ponding l e v e l  f o r  t h e  100-year f l o o d  could 
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over top the  CAP Canal i n  t h i s  area. The second problem i s  t h a t  

t he  capac i t y  o f  t he  c o l l e c t i o n  d i t c h  and c u l v e r t  system on the  

no r th  s ide  o f  Pat ton  Road, j u s t  west o f  the CAP Canal, i s  exceeded 

and causes water t o  f l o w  over t he  Pat ton Road br idge.  

Ponding Problems North o f  t he  CAP Canal 

Ponding behind the CAP Canal f loods  203rd Avenue and i s  

caused by  two fac to rs .  The main reason i s  t he  overchute a t  

CAPlWEST i s  undersized and creates a 100-year water sur face 

e l e v a t i o n  behind the  canal o f  1551.92'. This  e l e v a t i o n  i s  

based on the  assumption t h a t  t he  e n t i r e  f l o w  i n  Wittmann Wash 

would reach the  CAPlWEST overchute. I n  a c t u a l i t y  an 

est imated f l o w  o f  550 c f s  o f  the 2300 c f s  was discovered t o  

s p l i t  from the main wash and f l o w  south toward the 

i n t e r s e c t i o n  o f  Pat ton Road and the CAP Canal. A t  the 

CAPlWEST Overchute, t he  water ponds above the  roadway sur face  

on 203rd Avenue, matching t h e  e l e v a t i o n  a t  t he  top o f  the CAP 

d i k e  (CAP d i k e  e l e v a t i o n  = 1552). The overchute was designed 

f o r  3,225 c f s ,  however the HEC-1 model i nd i ca tes  a f l o w  o f  

6,459 c f s .  

The second f a c t o r  c o n t r i b u t i n g  t o  the ponding problem i s  t h a t  

t he  Wittmann Wash channel t h a t  leads t o  t he  overchute through 

the  ponding area i s  undersized and h e a v i l y  choked w i t h  

vegetat ion.  Th is  r e s u l t s  i n  an increase i n  water sur face 

e l e v a t i o n  o f  approximately 0.7 f e e t  from the  CAPlWEST 

overchute, t o  t h e  Wittmann Wash cross ing on 203rd Avenue. 

Consequently, t he  l ack  o f  conveyance i n  Wittmann Wash adds t o  

t he  f l o o d i n g  problem a t  203rd Avenue and increases the  

p o t e n t i a l  hazard o f  t he  CAP d i k e  being overtopped. 
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I n  add i t i on ,  t he  203rd Avenue c ross ing  over Wittmann Wash i s  

no t  adequately s i zed  t o  pass t h e  100-year f lood .  There a re  

10 - 36" x  24" CMPA c u l v e r t s  t h a t  convey o n l y  240 c fs ,  which 

i s  approx imate ly  a  2-year f low,  w h i l e  t he  100-year f l o w  i s  

2293 c f s .  

The ponding behind the  CAP Canal i s  no t  o n l y  a  problem 

upstream o f  t he  canal, b u t  a l s o  downstream. Since t h e  CAP 

d i k e  does no t  have 3 f e e t  o f  freeboard, (and i n  f a c t  i s  i n  

danger o f  be ing overtopped) t he  area downstream i s  a  f l o o d  

hazard. Th is  w i l l  s i g n i f i c a n t l y  a f f e c t  f u t u r e  development 

downstream. 

The f o l l o w i n g  two a l t e r n a t i v e  so lu t i ons  t o  t h i s  problem have 

been analyzed. Schematic p lans f o r  these so lu t i ons  can be 

found on the  stormwater management p lans and the design data 

and cos t  est imates can be found i n  Appendix A and Appendix B 

respec t ive1  y. 

S o l u t i o n  1.1 - Widen CAPlWEST Overchute 

Schematic Plans: Sheet PC-1  

Design Data: Appendix A, Page A - 1  
Cost Estimates: Appendix B, Page B-1 

Th is  a l t e r n a t i v e  i s  a  widening o f  t he  e x i s t i n g  CAPlWEST 

overchute t o  drop the  water  sur face  e l e v a t i o n  a t  l e a s t  3  

feet .  Ca lcu la t ions  us ing  the  Bureau o f  Pub l i c  Roads c u l v e r t  

cha r t s  were used t o  c rea te  a storage discharge t a b l e  which 

was i n p u t  i n t o  t he  HEC-1 model. The r e s u l t s  i n d i c a t e  t h a t  an 

a d d i t i o n  o f  107.5' i n  w id th  w i l l  lower the water sur face 

e l e v a t i o n  from 1551.92' t o  1548.21'. The t o t a l  w id th  o f  t he  

overchute would be 175'. The c o s t  o f  t h i s  widening was 

est imated a t  approx imate ly  $1,144,000. 
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So lu t i on  1.2 - Redirect  Flows From CAPlWEST t o  Ponding Area 

Behind CAP Canal East o f  Grand Avenue 

Schematic Plans: Sheet 6-3 and MC-16 

Design Data: Appendix A, Page A-1 

Cost Estimate: Appendix 0, Page B-1 

This a l t e r n a t i v e  would s i g n i f i c a n t l y  reduce the  ponding area 

behind t h e  overchute a t  CAPlWEST. The idea would i nvo l ve  

r e d i r e c t i n g  f lows t h a t  normal ly cross under the  AT&SF 

Rai l road and Grand Avenue br idges 1000' northwest o f  the  CAP 

Canal. A channel would be constructed t o  convey f lows 

southeaster ly  toward the  l a r g e  ponding area behind the CAP 

Canal east  o f  the  Grand Avenue. The HEC-1 computer model was 

mod i f ied  t o  analyze the  e f f e c t  t h i s  would have on each 

ponding area. The 100-year water surface e leva t i on  behind 

CAPlWEST would be reduced 4.17' from 1551.92' t o  1547.75'. 

The water sur face e leva t i on  behind the CAP Canal, east  o f  

Grand Avenue, would r i s e  2.24' from 1549.88' t o  1552.12'. 

The peak discharges a t  the  o u t l e t  o f  the p ipe c u l v e r t s  

associated w i t h  the  ponding area eas t  o f  Grand Avenue would 

increase about 15 t o  20 percent which i s  e a s i l y  contained i n  

the  downstream channels. An example i s  the  peak o u t l e t  

discharge a t  CAPlEAST which would increase from 311 c f s  t o  

373 c f s .  The HEC-2 ana lys is  f o r  t h e  wash downstream o f  the  

CAPlEAST overchute was modi f ied  t o  account f o r  the  increased 

peak discharge and there  was very  l i t t l e  e f f e c t  on the  water 

surface e levat ions .  I n  f ac t ,  the  greates t  increase i n  peak 

stage was o n l y  0.2 fee t .  
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The lowest e l e v a t i o n  on top o f  the  CAP d ike  east  o f  Grand 

Avenue i s  approximately 1553.5'. This i s  not  acceptable 

under FEMA c r i t e r i a  and the  d i ke  would have t o  be b u i l t  up 

between the  CAP4EAST and CAPSEAST overchutes t o  an e leva t i on  

of 1556.0' t o  p rov ide  s u f f i c i e n t  freeboard. I t  should be 

noted t h a t  t h e  CAP Canal cons t ruc t i on  plans intended t o  have 

t h e  e n t i r e  d i k e  constructed t o  an e leva t i on  o f  1556'. I t  

should a l so  be noted the e x i s t i n g  r ight-of -way behind t h e  CAP 

Canal i s  s u f f i c i e n t  t o  cover the  increase i n  ponding area. 

The cos t  o f  b u i l d i n g  the channel and r a i s i n g  t h e  CAP d i ke  i s  

approximate ly  $481,400 i n c l u d i n g  the new r ight-of -way 

requ i red  f o r  the  channel. 

Prov id ing  stormwater de ten t ion  upstream o f  the CAPlWEST 

overchute was a l so  considered t o  a l l e v i a t e  t h i s  problem. A 

bas in  o f  approximately 140 acres would be requ i red  w i t h  a 

depth o f  9 f e e t  below the  i n v e r t  o f  the  overchute t o  prov ide 

enough storage t o  drop the water surface e leva t i on  4 fee t .  

This  would r e q u i r e  an a d d i t i o n a l  70 - 100 acres o f  r i g h t - o f -  

way and would r e q u i r e  a l a r g e  pump s t a t i o n  t o  d r a i n  the  

basin. Due t o  ve ry  h igh  costs, t h i s  a l t e r n a t i v e  was 

considered imprac t i ca l .  The est imated cos t  was $3,700,000 

i n c l u d i n g  r ight-of -way acqu is i t i on .  



Flooding Problem on Patton Road 

The f l o o d i n g  problem on Patton Road a t  t h e  CAP Canal i s  

caused by  a  s p l i t  f l ow  s i t u a t i o n  on Wittmann Wash occur r ing  

approximately 112 m i l e  upstream.of the CAP Canal which 

d i v e r t s  about 25% o f  the  100-year f low (approximately 550 

c f s )  south t o  the  c o l l e c t i o n  d i t c h  along the  n o r t h  s ide  of 

Pat ton Road. The c o l l e c t i o n  d i t c h  o u t l e t s  i n t o  4 - 50" x  

31" F!, c u l v e r t s  under Patton Road t o  a  small r e t e n t i o n  

bas in  which has a  storage volume o f  o n l y  6.5 acre- feet .  The 

c u l v e r t s  have a  capac i ty  of about 220 c f s  when the  bas in  i s  

empty and o n l y  about 130 c f s  when i t  i s  f u l l .  A t  the  peak 

f l o w  o f  550 c f s  t h e  bas in  would f i l l  i n  about 10 minutes. 

Consequently, the  l a r g e r  stormwater f lows from the  s p l i t  on 

Wittmann Wash f l o w  over Patton Road a t  the CAP Canal b r idge 

and cause f l ood ing  across the  bridge. 

I n  a d d i t i o n  t o  f l ow  over the  br idge, stormwater s p i l l s  ou t  o f  

t h e  r e t e n t i o n  basin and i n t o  a  small channel which conveys 

t h e  f l o w  t o  the  CAP2WEST overchute. There a r e n ' t  any low 

f l o w  c u l v e r t s  t o  d r a i n  the  basin so water stands i n  i t  f o r  

long per iods o f  time. 

S o l u t i o n  2.1 - Wittmann Wash Channel izat ion North o f  Pat ton 

Road and 203rd Avenue. 

Schematic Plan: Sheet PC-1, PC-2 

Design Data: Appendix A, Page A-2 and A-3 

Cost Estimate: Appendix B, Page 8-2 



Three channel segments comprise the  channe l iza t ion  p lan  f o r  

Wittmann Wash. The f i r s t  segment s t a r t s  112 m i l e  no r th  o f  

Pat ton Road s t a r t i n g  a t  a  p o i n t  450 f e e t  east  o f  211th Avenue 

and cont inu ing  t o  the  eas t  f o r  about 2100 f e e t  t o  meet 

Wittmann Wash. The purpose o f  t h i s  channel segment i s  t o  

c o l l e c t  the s p l i t  f l ow  and convey i t  east, back t o  the  main 

wash. One 3 '  drop would be requ i red  t o  prov ide a  bed slope 

o f  .0015 t o  c o n t r o l  the  eros ion  po ten t i a l .  

The second segment o f  the  channe l iza t ion  s t a r t s  from t h e  

p o i n t  o f  confluence w i t h  the f i r s t  segment and cont inues 

downstream t o  the  c u l v e r t  c ross ing  a t  203rd Avenue. A se r i es  

of 5  - 3 '  drops t o  main ta in  a  slope o f  .0008 was incorporated 

i n t o  the  design f o r  e ros ion  con t ro l .  

The t h i r d  segment i s  from the  c u l v e r t  cross ing a t  203rd 

Avenue t o  the  overchute a t  CAPlWEST along t h e  no r th  s ide  o f  

the  CAP' Canal. The CAP d i ke  ac ts  as the r i g h t  bank and the 

l e f t  s ide  would be graded t o  d a y l i g h t  a t  a  s ide  slope of 

10:l. No drop s t ruc tu res  are requ i red  i n  t h i s  segment o f  the  

channel. 

The f i n a l  component o f  the  channe l iza t ion  i s  a  box c u l v e r t  a t  

203rd Avenue. The e x i s t i n g  10 - 35" x  25" CMPA p ipe  

c u l v e r t s  can convey o n l y  about 240 c f s  which i s  approximately 

a  2-year f low.  Instead, s i x  - 10' x  5 '  box c u l v e r t s  a r e  

proposed t o  pass the  50-year f l o w  o f  1750 c fs .  The 100-year 

f l o w  o f  2300 c f s  would pond and f l ow  across 203rd Avenue t o  

t h e  east  as i t  c u r r e n t l y  does now and would no t  cause 

increased f l ood ing  upstream. This was confirmed by  a  HEC-2 

backwater analys is .  



Approximately 30 - 10' x  5 '  box c u l v e r t s  would be needed t o  

pass the  100-year f l ow  wi thout  inc reas ing  the f l o o d  hazard t o  

t h e  houses upstream. The ou t f l ow  i s  c o n t r o l l e d  b y  the 100- 

year water sur face e leva t i on  n o r t h  o f  the CAPlWEST Overchute. 

The 100-year s o l u t i o n  was considered imprac t ica l  a t  t h i s  

l oca t i on .  

The cos t  of the  50-year box c u l v e r t  cross ing and the  three 

channel segments are as fo l lows:  

6 - 10 '  x  5 '  Box Cu lver ts  $152,000.00 

Channel Segment 1 $138,900.00 

Channel Segment 2  $372,600.00 

Channel Segment 3  $119,200.00 

Tota l  Estimated Cost $782,700.00 

So lu t i on  2.2 - Contain S p l i t  Flow i n  Wittmann Wash With a  

Dike 

Schematic Plan: Sheet PC-1, PC-2 

Design Data: Appendix A, Page A-4 

Cost Estimate: Appendix B, Page 8-3 

A d i ke  constructed on the  west bank o f  Wittmann Wash t o  keep 

the  s p l i t  f l o w  i n  the  main channel cou ld  a l l e v i a t e  t h e  

f l o o d i n g  problem a t  t h e  Pat ton Road br idge. The top o f  the  

d i k e  was s e t  3  f e e t  above the  water surface e leva t i on  on 

Wittmann Wash. The requ i red  length  o f  t h e  d i ke  i s  1350 f e e t  

t o  assure t h a t  the  s p l i t  f l ow  i s  contained. The est imated 

cos t  o f  the  d ike  i s  $33,300. 



This s o l u t i o n  w i l l  cause the  water surface e leva t i on  i n  

Wittmann Wash downstream o f  the s p l i t  f l ow  t o  r i s e  

approximately .14 fee t .  This  r i s e  would no t  g r e a t l y  a f f e c t  

the  w id th  o f  f l o o d i n g  and would have l i t t l e  impact on the  

houses a l ready  i n  the  f l oodp la in .  

So lu t i on  2.3 - Improve Pat ton Road Drainage t o  Contain the  

S p l i t  Flow 

Schematic Plan: Sheet PC-1, PC-2 

Design Data: Appendix A, Page A-4 and A-5 

Cost Estimate: Appendix 8, Page 8-3 and 8-4 

This a l t e r n a t i v e  i s  based on a l l ow ing  the  s p l i t  f l ow  t o  

cont inue and p rov id ing  the  necessary improvements t o  Pat ton 

Road t o  convey the  f l o w  t o  the overchute a t  CAPZWEST. The 

improvements t o  Patton Road inc lude three components. F i r s t ,  

a  berm would be requ i red  around the  c o l l e c t i o n  d i t c h  on the  

no r th  s ide  o f  Patton Road w i t h  a top e leva t i on  o f  1552.0'. 

Second, 3 - 8 '  x  5 '  box c u l v e r t s  would be needed t o  replace 

the  e x i s t i n g  4 - 50" x  31" CMPAts t o  convey approximately 550 

c f s  under Patton Road t o  the  e x i s t i n g  r e t e n t i o n  basin. And 

l a s t ,  a  channel would be requ i red  from the  r e t e n t i o n  basin t o  

the  overchute a t  CAPEWEST. This channel was designed w i t h  a 

bottom wid th  o f  50 f e e t  and 3 : l  s ide  slopes. I t ' s  length  i s  

2800' w i t h  a bed slope o f  .00057. The t o t a l  est imated cos t  

i s  $165,100. 

This  s o l u t i o n  w i l l  increase the  peak out f low from the  

CAPZWEST overchute approximately 14% from 2,270 CFS t o  2,590 

CFS. This increase w i l l  no t  s i g n i f i c a n t l y  impact the  

CAP2WEST f l o o d p l a i n  because i t  i s  very  wide and shallow 

downstream o f  the  CAP Canal. 



3.2 Wittmann Area 

The f o l l o w i n g  e x i s t i n g  f l ood ing  problems have been i d e n t i f i e d  i n  

the community o f  Wittmann. 

Wittmann Wash 

Wittmann Wash f lows through town and d i v ides  i n t o  two 

channels upstream from Center S t ree t  t h a t  j o i n  back together  

j u s t  p r i o r  t o  crossing under the  AT&SF Rai l road and Grand 

Avenue. Flooding i s  caused b y  two fac tors ;  dense vegetat ion 

along the  channel banks and undersized c u l v e r t s  under Center 

S t ree t .  Ten t o  f i f t e e n  e x i s t i n g  residences are  sub jec t  t o  

f lood ing  from Wittmann Wash. 

So lu t i on  3.1 - Channel izat ion Through the  Community o f  

W i  ttmann 

Schematic Plans: Sheets W - 1  and W-2 

Design Data: Appendix A, Page A-5 and A-6 

Cost Estimate: Appendix B, Page B-4, 8-5 and B-6 

This a1 t e r n a t i v e  inc ludes c l e a r i n g  the  vegetat ion from t h e  

e x i s t i n g  channels, widening the  channels i n  areas, and 

p rov id ing  r i p r a p  bank p ro tec t i on  and drop s t ruc tu res  t o  

p rov ide  eros ion  p ro tec t i on  and t o  conta in the 100-year f l o o d  

on Wittmann Wash. Included i n  t h i s  a l t e r n a t i v e  would be new 

box c u l v e r t s  a t  the two crossings on Center S t ree t .  The 

e x i s t i n g  6  - 48" concrete p ipe  c u l v e r t s  a re  no t  adequate t o  

pass the  flow. The nor thern crossing would need a  4 b a r r e l  - 
8 '  x  5 '  box c u l v e r t  t o  convey 1050 c f s  and the  southern 

c ross ing  would need a  6 b a r r e l  - 6 '  x  5 '  box c u l v e r t  t o  pass 

1113 c f s .  The approximate cos t  f o r  t h i s  a l t e r n a t i v e  i s  

$412,200. 
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So lu t i on  3.2 - Floodproof i n  Accordance w i t h  F loodp la in  

Regulat ion f o r  Maricopa County 

F loodpla ins and floodways were de l ineated on Wittmann Wash as 

p a r t  o f  t h i s  study. This a l t e r n a t i v e  would be t o  f loodproof 

f u t u r e  development i n  the f l o o d  f r i n g e  i n  accordance w i t h  the  

F loodp la in  Regulat ion f o r  Maricopa County. E x i s t i n g  

residences loca ted w i t h i n  the  f loodway f r i n g e  may ob ta in  

f l o o d  insurance through t h e i r  l o c a l  insurance company. 

Nadaburg High School F looding 

Nadaburg High School i s  sub jec t  t o  f l ood ing  dur ing  major 

storms. There i s  a channel d i r e c t l y  no r th  o f  the  school t h a t  

flows south t o  Center S t ree t  and then along Center S t ree t  and 

i n t o  the  school grounds. I t was a t  f i r s t  thought from a e r i a l  

photos t h a t  there  were poss ib l y  l a rge  f lows coming from a 

s p l i t  i n  a major wash no r th  o f  Wittmann. A f t e r  a f i e l d  

i nves t i ga t i on ,  however, i t was concluded t h a t  the  s p l i t  d i d  

not  occur. The wash t h a t  f l oods  the  school has a 100-year 

peak discharge o f  406 c f s  w i t h  an associated drainage area o f  

approximately 1.7 square mi les .  The major wash t h a t  appears 

t o  s p l i t  i n t o  the  drainage area on a e r i a l  photographs, 

conta ins the 100-year f l o o d  o f  1272 c f s  and conveys i t  t o  the  

southeast away from Wittmann. 

The f o l l o w i n g  a l t e r n a t i v e s  have been developed t o  prevent the  

f lood ing  o f  Nadaburg School. 



So lu t i on  4.1 - Channel izat ion t o  Capture Flows North o f  

Nadaburg School 

Schematic Plan: Sheet W-1 

Design Data: Appendix A, Page A-7 

Cost Estimate: Appendix B, Page 8-6 

The channel would c o l l e c t  f lows nor th  o f  Wittmann and convey 

them t o  Wittmann Wash upstream o f  Center Street .  The cos t  o f  

t h i s  channel i s  approximately $64,800. 

S o l u t i o n  4.2 - New Dike t o  D i r e c t  Flows Away From Nadaburg 

School 

Schematic Plan: Sheet W-1 

Design Data: Appendix A, Page A-7 

Cost Estimate: Appendix 8, Page 8-6 

There i s  c u r r e n t l y  a small berm loca ted no r th  o f  Wittmann 

t h a t  was apparent ly  constructed t o  d i r e c t  f lows away from 

Center S t r e e t  and Nadaburg School. This  berm does not  

conta in  the  f l o w  and does not  appear t o  be s t r u c t u r a l l y  sound 

and the re fo re  i s  i n e f f e c t i v e  i n  p r o t e c t i n g  the School. This 

a l t e r n a t i v e  design i s  a replacement o f  the  berm w i t h  a new 

d i ke  t o  d i r e c t  f lows t o  the  e x i s t i n g  wash west o f  Center 

S t ree t .  The est imated cos t  o f  t h i s  d i ke  i s  $25,200. 



I n  bo th  solut ions,  downstream residences were no t  a f fec ted .  
The na tu ra l  channel has enough capac i ty  t o  conta in  the  f l ow  

and the  proposed channe l iza t ion  on Wittmann Wash would a l so  

conta in  the  f low.  Peak discharges are  no t  a f f e c t e d  when t h i s  

f low i s  added t o  Wittmann Wash and, therefore, the residences 

along the  wash w i l l  no t  experience any increased f lood ing .  

Detent ion / re ten t ion  was a l so  considered as an a l t e r n a t i v e  

s o l u t i o n  t o  reduce f l ood ing  a t  Nadaburg School. A 30-acre 

basin, approximately 6 f e e t  deep would be requ i red  w i t h  a 36 

inch  o u t l e t  pipe. The cost  o f  the  basin, i n c l u d i n g  r i g h t - o f -  

way, would be approximately $1,011,000 which i s  considerably 

more expensive than the  f i r s t  two so lu t i ons  and, therefore 
does no t  seem p r a c t i c a l .  

Bridges a t  The AT&SF Rai l road and Grand Avenue 

There i s  an e x i s t i n g  t r a i n i n g  d ike  t h a t  d i r e c t s  f l ow  from 

Wittmann Wash t o  t h e  br idge crossings under t h e  AT&SF 

Ra i l road and Grand Avenue. This  d ike  i s  too  sho r t  t o  conta in  

the  100-year f l o o d  and the re fo re  a p o r t i o n  o f  the  f loodwater  

w i l l  f l o w  around i t  and cont inue southeaster ly  along t h e  

Rai l road.  

So lu t i on  5.1 - Extension o f  E x i s t i n g  T ra in ing  Dike on 

Wittmann Wash t o  D i r e c t  Flows t o  Br idge Crossing 

Schematic Plan: Sheet W-2 

Design Data: Appendix A, Page A-8 

Cost Estimate: Appendix B, Page B-7 



Since the  br idges have s u f f i c i e n t  capac i t y  t o  pass the 100- 

year  f lood ,  a simple s o l u t i o n  i s  t o  extend the t r a i n i n g  d i ke  

50 f e e t  t o  t he  no r th  a t  an e l e v a t i o n  o f  1680. The extension 

would assure t h a t  t he  100-year f l o o d  i s  conta ined and 

d i r e c t e d  under t he  br idges. The approximate c o s t  o f  the d i k e  

ex tens ion  i s  $2,300. 

Downstream o f  The AT&SF Ra i l road and Grand Avenue 

The Wittmann Wash f l o o d p l a i n  spreads ou t  downstream o f  Grand 

Avenue i n t o  a l a rge  f l a t  area o f  i n t e r m i n g l i n g  channels 

approx imate ly  1300' wide. There i s  no t  a de f ined  channel t o  

convey the  f low adequately and the  shal low f l o o d i n g  area i s  

densely vegetated. A planned development c a l l e d  Groom Ranch 

i s  proposed i n  t h i s  area along w i t h  channe l iza t ion  o f  t he  

wash. Care should be taken t o  check t h a t  t h i s  channe l iza t ion  

does no t  adversely  a f f e c t  o r  increase the f l o o d i n g  p o t e n t i a l  

f o r  t he  p rope r t i es  upstream and downstream from the  

development. 

3.3 C i r c l e  City Area 

I n  general ,  t he  C i r c l e  City area does no t  have any major 

drainage problems. For t he  most par t ,  t he  100-year f l o o d  i s  

conta ined i n  t he  e x i s t i n g  washes. There are, however, a  

couple o f  e x i s t i n g  drainage problems t h a t  t he  hydro log ic  

ana l ys i s  i d e n t i f i e d .  



I n s u f f i c i e n t  Cu l ve r t  Capacity Under The Ra i l road and Grand Avenue 

The c u l v e r t s  a t  t he  AT&SF Ra i l road and Grand Avenue are no t  

s ized  p r o p e r l y  t o  convey the  100-year f low.  Runoff  exceeds 

the  c u l v e r t s  and i s  conveyed t o  the next downstream c u l v e r t  

along the  r a i l r o a d  o r  roadway. Where CCWASH5 crosses Grand 

Avenue, some r u n o f f  may f l o w  across the roadway. The highway 

c u l v e r t  can pass the 50-year f l o o d  o f  93 c fs ,  however, t he  

100-year f l o o d  o f  101 c f s  passes through the r a i l r o a d  

cross ing.  Therefore, the c u l v e r t  i s  exceeded and a small 

f low may cross the roadway du r i ng  a 100-year f lood .  

Floodways were computed on the  nor theas t  s i de  o f  t he  r a i l r o a d  

where r u n o f f  exceeds the c u l v e r t s  and f lows downstream along 

the  r a i l r o a d .  Thereby p rov id ing  an area f o r  conveyance o f  

l a r g e r  f loods.  As development occurs along the  no r th  s ide  o f  

Grand Avenue, t he  100-year, 2-hour r e t e n t i o n  requirements may 

reduce peak f lows enough t o  pass the  100-year f l o o d  through 

the  c u l v e r t s .  

C i r c l e  City Roadway Entrance 

The small wash t h a t  conveys f l o w  through a d i p  sec t i on  i n  t he  

roadway entrance t o  C i r c l e  City f loods  t o  a depth o f  1.9'. 

This  problem r e s t r i c t s  access i n t o  the community. 

S o l u t i o n  6.1 - Box Cu lve r t  a t  Entrance t o  C i r c l e  C i t y  

Schematic Plan: Sheet C - 1  

Design Data: Appendix A, Page A-8 

Cost Estimate: Appendix B, Page 8-7 



The d i p  sec t i on  a t  the C i r c l e  City entrance would requ i re  2  - 
10'  x  3 '  box c u l v e r t s  t o  pass the  100-year f lood.  T ra in ing  

d ikes would need t o  be i n s t a l l e d  upstream t o  d i r e c t  the f lows 

t o  t he  c u l v e r t .  I n  add i t i on ,  t he  channel needs t o  be c leared  

o f  e x i s t i n g  vegeta t ion  t o  increase the conveyance around 

C i r c l e  C i t y .  The est imated c o s t  o f  t h i s  improvement i s  

$36,100. 

3.4. CAP Canal 

Overtopping a t  Iona Wash Overchute 

I n  a d d i t i o n  t o  t he  problem a l ready  discussed a t  CAPIWEST, 

t he re  i s  another area along t h e  CAP Canal t h a t  w i l l  be 

overtopped dur ing  the  100-year storm. The area i n  quest ion 

i s  a t  t he  Iona Wash overchute. The 100-year peak f l ow  on 

Iona Wash i s  5306 c f s .  The capac i ty  o f  t he  e x i s t i n g  

overchute i s  approximately 2460 c f s  and i t  was designed f o r  

o n l y  2389 cfs. The consequence i s  f l o w  over t he  CAP du r i ng  

the 100-year f l o o d  which adverse ly  a f f e c t s  p rope r t i es  

downstream. 

S o l u t i o n  7.1 - Widen Iona Wash Overchute 

Schematic Plan: Sheet MC-1 and MC-4 

Design Data: Appendix A, Page A-8 and A-9 

Cost Est imate: Appendix B, Page 8-7 

Widening o f  t he  Iona Wash overchute t o  convey the  100-year 

peak discharge i s  requi red,  a long w i t h  r e b u i l d i n g  the d i k e  t o  

ma in ta in  3 '  o f  freeboard. The overchute would need t o  be 

widened 57.7 f e e t  f o r  a  t o t a l  w id th  o f  105 f e e t  and the  d i k e  

would be r a i s e d  3  f e e t  t o  an e l e v a t i o n  o f  1355.0'. The 

approximate cos t  o f  t h i s  a d d i t i o n  i s  $645,600. 
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Low Po in t  i n  Dike Between CAP4EAST and CAP5EAST 

There i s  an e x i s t i n g  low p o i n t  i n  the CAP Dike between 

CAP4EAST and CAP5EAST a t  an e leva t i on  o f  about 1,553.5 fee t .  

This area was p rev ious l y  discussed under Sect ion 3.1. As 

described i n  t h a t  sect ion, i f  stormwater i s  d i v e r t e d  from 

CAPlWEST t o  the  r e s e r v o i r  behind the CAP Canal east  o f  Grand 

Avenue, t h e  d ike  w i l l  have t o  be ra i sed  t o  an e leva t i on  o f  

1,556.0 f e e t  t o  prov ide 3 f e e t  o f  f reeboard f o r  the  100-year 

f lood.  If, however, r u n o f f  i s  not  d iver ted ,  the  e x i s t i n g  

100-year water surface e leva t i on  i s  1,549.88 which a l lows f o r  

over 3  f e e t  o f  freeboard. Therefore, the  d i ke  would not  have 

t o  be ra i sed  t o  p r o t e c t  aga ins t  the 100-year f lood.  

I t  should be noted, however, t h a t  the r e s e r v o i r  behind t h e  

CAP Canal i s  designed t o  s p i l l  a t  the east end i n  the event 

o f  a major f l o o d  t h a t  exceeds t h e  100-year r e t u r n  i n t e r v a l .  

The e leva t i on  o f  the  s p i l l  sec t ion  i s  1,554.0 fee t .  

Consequently, the  intended f l ow  p a t t e r n  f o r  f loods  l a r g e r  

than the  100-year event w i l l  no t  take place. Instead, the  

l a rge  f l o o d  events w i l l  overtop the CAP d ike  a t  the low p o i n t  

between CAP4EAST and CAP5EAST causing a  p o t e n t i a l  f l o o d  

hazard downstream. 

Because o f  t h i s  p o t e n t i a l  f l o o d  hazard, i t  i s  recommended 

t h a t  the  d i ke  be ra i sed  between CAP4EAST and CAP5EAST t o  

e leva t i on  1,556.0; regardless o f  the  d i ve rs ion  from CAPlWEST. . 
The approximate cos t  i s  $18,800. 
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3.5 CAPlWEST Wash Downstream o f  t he  CAP Canal 

The wash downstream of t he  CAPlWEST overchute crosses several  

d i r t  roads t h a t  p rov ide  access t o  t he  p rope r t i es  west of 

Grand Avenue. The wash cross ings are a t  grade w i t h  d i p  

sec t ions  which are no t  s t a b i l i z e d .  The roads are washed o u t  

du r i ng  the major f loods  which i s o l a t e s  the  l o c a l  residences 

from access t o  Grand Avenue. I n  add i t i on ,  these wash 

cross ings are maintenance problems f o r  t he  Highway 

Department. 

The Uniform Drainage P o l i c i e s  and Standards f o r  Maricopa 

County s t a t e  t h a t  t he re  should be no f l o w  across the  s t r e e t  

f rom the  50 year storm and t h a t  t he  f l o w  f o r  t he  100-year 

storm have a maximum depth o f  0.5 fee t  over t he  crown. Since 

t r a f f i c  i s  r e l a t i v e l y  minimal on these roads, both 10-year 

and 50-year a l t e r n a t i v e  designs were considered f o r  t he  

wash crossings. 

S o l u t i o n  8.1 - 10-year Design f o r  CAPlWEST Wash Crossings 

Schematic Plan: Sheet MC-6, MC-10 and M C - 1 1  

Design Data: Appendix A, Page A-9 and A-10 

Cost Estimate: Appendix B, Page B-8 

Low f l o w  c u l v e r t s  w i t h  a s t a b i l i z e d  d i p  sec t i on  f o r  t h e  100- 

year  f l o o d  were designed t o  convey the 10-year f l o w  a t  t he  

road cross ings.  CAPlWEST Wash crosses Pat ton Road, 193rd 

Avenue, Jomax Road, and Happy Va l l ey  Road. C u l v e r t  s izes and 

t h e i r  associated costs are as fo l l ows :  
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Locat ion  0 (10-year) - Size - Cost 

Pat ton  Road 2280 c f s  15 - 10 '  x 4 '  B.C. $224,250 

193rd Avenue 2346 c f s  6 - 10' x 6 '  B.C. $ 96,600 

Jomax Road 2346 c f s  8 - 10 '  x 5 '  B.C. $128,800 

Happy V a l l e y  Rd. 2412 c f s  17 = 10'  x 3 '  B.C. $254,150 

To ta l  Cost $703,800 

A b r i dge  has a l ready  been designed and i s  i n  t he  process of 

be ing cons t ruc ted  a t  Deer Va l l ey  Road. 

S o l u t i o n  8.2 - 50-year Design f o r  CAPlWEST Wash Crossings 

Schematic Plan: Sheet MC-6, MC-10 and MC-11 

Design Data: Appendix A, Page A-10 and A-11 

Cost Est imate: Appendix B, Page B-9 

The f o l l o w i n g  box c u l v e r t  designs are based on us ing  County 

wide c r i t e r i a  o f  a maximum depth o f  0.5' over t he  crown 

du r i ng  the  100-year f l o o d  and passing the 50-year peak 

discharge. Cu l ve r t  s izes and t h e i r  assoc ia ted  cos ts  are as 

fo l l ows :  

Locat ion  g (50-year) - Size - Cost 

Pat ton  Road 4611 c f s  25 - 10 '  x 4 '  B.C. $ 373,750 

193rd Avenue 4707 c f s  9 - 10 '  x 8 '  B.C. $ 152,700 

Jomax Road 4707 c f s  11 - 10'  x 7 '  B.C. $ 183,400 

Happy Va l l ey  Rd. 4803 c f s  21 - 10 '  x 4 '  B.C. $ 313,950 

Tota l  Cost $1,023,800 
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These c u l v e r t s  were designed t o  convey more than the 50-year 

f l ow  because the l eng th  o f  the  roadway we i r  sec t i on  was n o t  

s u f f i c i e n t l y  long t o  a l l ow  the  d i f f e rence  between t h e  50-year 

and 100-year f l o o d  t o  f l ow  over the road a t  the  maximum depth 

o f  0.5'. 

Deer Va l l ey  Road Br idge 

The t r a i n i n g  d i ke  a t  the  proposed Deer Va l ley  Br idge does n o t  

conta in  and d i r e c t  a l l  the  f l o w  t o  the  br idge. Upstream 

f lows break out  t o  the eas t  and are conveyed t o  t h e  southeast 

where they  pond aga ins t  the  roadway. 

So lu t i on  8.3 - Extend T ra in ing  Dike Upstream From Deer Va l l ey  

Road 

Schematic Plan: Sheet MC-19 

Design Data: Appendix A, Page A - 1 1  

Cost Estimate: Appendix 0,  Page B-10 

The improvement inc ludes extending the d i ke  upstream about 

3,350 f e e t  where the  f l o w  i s  contained. The approximate c o s t  

i s  $100,100. 

3.6 CAP2WEST Wash Downstream o f  the  CAP Canal 

Extremely Wide F loodp la in  

The CAP2WEST Wash has a very  wide, shal low f l o o d p l a i n  w i t h  no 

w e l l  de f ined channel. The 100-year f l o o d p l a i n  i s  roughly 1/2 

m i l e  wide w i t h  depths o f  0 t o  4 fee t .  As development occurs 



i n  t h i s  area, i t  w i l l  probably be very  d i f f i c u l t  t o  c o n t r o l  

w i t h  the County's Flood P l a i n  Regulat ion because smal ler  

developments can encroach i n t o  the  f l o o d p l a i n  w i thout  

s i g n i f i c a n t l y  r a i s i n g  the water surface e levat ion .  It i s  the  

cumulat ive e f f e c t  o f  several developments t h a t  can 

s u b s t a n t i a l l y  increase the  f l o o d  hazard i n  t h e  area. The 

f l o o d p l a i n  i s  s i m i l a r  t o  the  East Fork o f  Cave Creek i n  

Phoenix i n  which there  was no we l l  def ined channel and 

cont inued development over the years almost e n t i r e l y  

e l im ina ted the  conveyance i n  t h e  f loodp la in .  

So lu t i on  9.1 - Channel izat ion Below CAPZWEST Overchute t o  the  

Br idge a t  Deer Va l l ey  Road 

Schematic Plan: Sheet MC-3, MC-4, MC-6, MC-7, MC-11  and 

MC-12 

Design Data: Appendix A, Page A-12 

Cost Estimate: Appendix B, Page B-10 

Channel izat ion from the  CAPZWEST overchute t o  the  Deer Va l l ey  

Road b r i dge  i s  an a l t e r n a t i v e  t o  r e g u l a t i n g  development i n  

the  wide f l oodp la in .  The channel sec t ion  considered i s  a l s o  

wide and shal low t o  prevent e ros ive  v e l o c i t i e s  and t o  prov ide 

subs tan t i a l  channel storage as the  e x i s t i n g  f l o o d p l a i n  does. 

The channel a l t e r n a t i v e  has a  500' bottom width, 3:l s ide  

slopes, and a  3 '  depth. The t o t a l  cos t  i n c l u d i n g  r i g h t - o f -  

way i s  approximately $5,326,000. The cos t  o f  j u s t  the  

channel cons t ruc t i on  i s  $1,910,500. 
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Dikes f o r  L ives tock  Tanks 

There are  several d ikes f o r  l i v e s t o c k  tanks t h a t  c o l l e c t  

f l ows  on CAP2WEST Wash. The d ikes should be removed when 

development occurs. They are  s t r u c t u r a l l y  unsound and 

present a f l o o d  hazard dur ing  a l a r g e  f lood.  

3.7 E x i s t i n g  Dike North o f  Luke A u x i l i a r y  F i e l d  No. 2, from 163rd 

Avenue t o  7700 Feet East o f  163rd Avenue 

This d i ke  c o l l e c t s  stormwater f l o w  n o r t h  o f  t h e  a u x i l i a r y  

f i e l d  and d i v e r t s  i t  t o  a wash about 2 m i l es  t o  the  east. 

The A i r  Force apparent ly  b u i l t  t h i s  d i ke  i n  t h e  1940's t o  

p r o t e c t  t h e  a i r s t r i p  from f looding.  The land t h e  d i ke  i s  

l oca ted  on i s  i n d i v i d u a l l y  owned w i t h  no drainage easements 

o r  r ight-of -way f o r  the  d ike.  The d i ke  i s  s t r u c t u r a l l y  

unsound, i t  i s  no t  maintained and i t  w i l l  be overtopped i n  

areas dur ing  the  100-year f lood.  

So lu t i on  10.1 - Reconstruct E x i s t i n g  Dike 

Schematic Plan: Sheet MC-22 

Design Data: Appendix A, Page A-12 

Cost Estimate: Appendix B, Page B-10 

This a l t e r n a t i v e  would i n v o l v e  b u i l d i n g  up and r e i n f o r c i n g  

t h e  e x i s t i n g  d i k e  t o  meet FEMA requirements. The d i k e  would 

r e q u i r e  recons t ruc t i on  w i t h  a 10 f o o t  top  w id th  and 3 : l  s ide  

slopes. The t o p  o f  d i ke  e leva t i ons  were s e t  a t  3 f e e t  above 
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t h e  100-year water  sur face e levat ions.  Approximately 800 

f e e t  o f  t h e  d i k e  would requ i re  r i p r a p  bank p r o t e c t i o n  where 

t h e  CAP5EAST wash enters  ( r e f e r  t o  the  schematic plans).  The 

cos t  o f  t h i s  d i k e  would be approximate1 y $351,200. 

S o l u t i o n  10.2 - Construct  Channel Along E x i s t i n g  D ike  

A1 ignment 

Schematic Plan: Sheet MC-22 
Design Data: Appendix A, Page A-13 

Cost Estimate: Appendix 6, Page 6-11 

Another a l t e r n a t i v e  would be t o  remove the  d i k e  and cons t ruc t  

a channel. The f i r s t  reach o f  channe l iza t ion  would be from 

163rd Avenue t o  the  east, 3,500'. The channel sec t i on  i n  

t h i s  reach would r e q u i r e  a 60' bottom wid th  w i t h  3 : l  s i de  
slopes and a bed s lope o f  0.00337. This segment o f  the  

channel would convey the  100-year f l o w  o f  584 c f s  a t  a normal 

depth o f  2.23'. One 2 '  drop s t r u c t u r e  would be requ i red  a t  

t h e  end o f  the  reach. 

CAP5EAST j o i n s  the  channel 3500' eas t  o f  163rd Avenue and 

increases t h e  100-year peak discharge t o  2,025 cfs. The 

south bank o f  t h e  channel a t  t h i s  p o i n t  would r e q u i r e  

approximate ly  800' of r i p r a p  eros ion  pro tec t ion .  The bottom 

w id th  o f  t h e  remainder o f  t h e  proposed channel i s  135 f e e t  

w i t h  t h e  same 3:l s i d e  slopes and a channel slope o f  .0015. 

Three drop s t ruc tures ,  each w i t h  a 3 '  drop, would be requ i red  

i n  t h i s  reach o f  the  channel. The approximate cos t  f o r  t h i s  

a1 t e r n a t i v e  i n c l u d i n g  r ight-of -way i s  $875,100. 
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So lu t i on  10.3 - Remove E x i s t i n g  Dike 

A t h i r d  a l t e r n a t i v e  would be t o  remove the  e x i s t i n g  d i ke  and 

l e t  t h e  drainage r e t u r n  t o  i t ' s  na tu ra l  f l o w  path. However, 

t he re  are  several problems associated w i t h  removing the  
dike. 

1. The wash crossings along t h e  Beardsley Canal were 

apparent ly  constructed a f t e r  t h e  d i k e  because there  a r e  no 

crossings where the  na tu ra l  drainage courses meet the  Canal. 

Therefore subs tan t i a l  improvements would be requ i red  t o  t h e  

Beardsley Canal. 

2. Although t h e  d i k e  i s  a d ivers ion,  i t  has probably been 

there  f o r  40 t o  50 years and scat te red  development has 

occurred downstream w i t h  the  assumption t h a t  i t  w i l l  cont inue 

t o  d i v e r t  f lows. 

3. The d i v e r t e d  f lows have eroded a subs tant ia l  channel 

a long t h e  d ike.  Therefore, i f  the  d i ke  were removed o n l y  a 

p o r t i o n  o f  the  f loodwater  would f l ow  i n  i t ' s  na tura l  f l o w  
path w i t h  the  remainder cont inu ing  along the  d i ve r ted  f l o w  

path. This  would c rea te  a very  undesi rable f l o o d p l a i n  

problem. 

3.8 Lake Boni ta 

Lake Boni ta i s  loca ted  a t  approximately B u l l a r d  Avenue 

(extended), j u s t  n o r t h  o f  Jomax Road. The dam was cons t ruc t -  

ed w i thout  t h e  Arizona Department o f  Water Resources (ADWR) 
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permission o r  superv is ion  and i s  c u r r e n t l y  considered t o  be 

i n  v i o l a t i o n  o f  ADWR Dam Safe ty  Regulations. It i s  n o t  known 

if the dam i s  s t r u c t u r a l l y  sound. From f i e l d  i n v e s t i g a t i o n s  

the  dam would appear t o  be constructed proper ly ,  b u t  t h e  ADWR 
has no records o f  the  cons t ruc t ion  and was no t  present dur ing  
cons t ruc t ion .  

The r e s e r v o i r  was modeled as p a r t  o f  the  hydro log ic  

i n v e s t i g a t i o n .  The assumption was made t h a t  t h e  water 

sur face e leva t i on  was a t  the  top  o f  the  s p i l l w a y  a t  the  

beginning o f  t h e  100-year storm. The h igh  water sur face 

e l e v a t i o n  f o r  the  100-year event i s  1413.0' and t h e  top  o f  

the  dam i s  1416.5'. Therefore t h e  dam adequately c o n t r o l s  
t h e  100-year f lood.  

The Probable Maximum Flood (PMF), on t h e  o ther  hand, w i l l  

overtop the  dam; thereby making the  dam unsafe. There a r e  

four areas where f loodwater can f l o w  ou t  o f  the  l ake  before 

going over t h e  top  o f  t h e  dam. The t o t a l  combined f l o w  

through these areas i s  about 13,000 cfs .  The PMF i s  

approximate1 y 42,000 c fs .  

I n  modeling the  Probable Maximum Flood, i t  was assumed t h a t  

the  over f low from behind t h e  CAP w i l l  f l ow  o u t  t h e  east  end 

of the  storage area and i n t o  t h e  washes t h a t  con t r i bu te  t o  

Lake Bonita. This  i s  t h e  f l o w  path  t h a t  was intended b y  t h e  

design of t h e  CAP. However, t h e  PMF would probably f l ow  over 

t h e  CAP Canal i n  several areas and no t  a l l  o f  i t would reach 

Lake Bonita. I n  addi t ion,  t he re  i s  a d i ke  nor theast  o f  the  

dam t h a t  d i r e c t s  f lows t o  t h e  l ake  which i s  i n  d i s r e p a i r  and 

30 



has been breached i n  a t  l e a s t  one place. Therefore, the  peak 

discharge o f  42,000 c f s  a t  Lake Boni ta i s  a  very  conservat ive 

est imate o f  the  PMF. Nevertheless, t h e  dam should be 

designed t o  be safe under worst case condi t ions.  

S o l u t i o n  11.1 - Remove E x i s t i n g  Dike D i r e c t i n g  Flows t o  Lake 

Bon i ta  

Schematic Plan: Sheet MC-25 

Design Data: Appendix A, Page A-13 

Cost Estimate: Appendix B, Page B-11 

To he lp  a l l e v i a t e  t h e  dam overtopping problem, i t  i s  

recommended t o  remove the  d i ke  nor theast  o f  Lake Bonita. 

Th is  would lower t h e  water sur face e leva t i on  t o  1414.6 dur ing  

t h e  PMF. Th is  does no t  meet Arizona Department o f  Water 
Resources (ADWR) c r i t e r i a  f o r  minimum freeboard, bu t  i t  would 
make the dam safer .  U l t imate ly ,  the  f i n a l  dec is ion  as t o  the 

f a t e  o f  the  Lake Boni ta Dam i s  i n  t h e  hands o f  the  ADWR. The 

c o s t  o f  removing t h e  e x i s t i n g  d i ke  i s  approximately $78,700. 

The ADWR requ i res  a  minimum freeboard o f  3 f e e t  o r  t h e  sum of 

t h e  wave he igh t  and wave runup, whichever i s  greater .  Since 
Lake Boni ta i s  small, i t  was assumed t h a t  the  sum o f  the  wave 

h e i g h t  and wave runup would be l ess  than 3  feet .  (Wave runup 

i s  t h e  h e i g h t  t h a t  waves w i l l  reach upon impact on the  dam 

face.) Therefore, us ing  3  f e e t  as the  requ i red  freeboard and 

w i t h  t h e  t o p  o f  dam a t  e leva t i on  1416.5', a  s p i l l w a y  o f  

l e n g t h  3,500 f e e t  a t  an e leva t i on  o f  1411.0 would be requ i red  

t o  pass t h e  PMF o f  42,000 cfs .  However, a  s p i l l w a y  length  o f  

3,500 f e e t  i s  n o t  p h y s i c a l l y  p r a c t i c a l  i n  t h i s  area. 

Therefore, i t  appears t h a t  t h e  o n l y  way t o  meet t h e  Sta te 's  

c r i t e r i a  f o r  dam s a f e t y  i s  t o  r a i s e  t h e  he igh t  o f  t h e  dam. 
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3.9 Beardsley Canal 

The f o l l o w i n g  e x i s t i n g  drainage problems are  associated w i t h  

the  Beardsley Canal. 

T r a i n i n q  D ike  a t  The Padel ford Wash Crossing 

The t r a i n i n g  d i ke  t h a t  d i r e c t s  f l o w  t o  the  Padel ford Wash 

c ross ing  over t h e  Beardsley Canal i s  s t r u c t u r a l l y  unsound and 

does no t  meet FEMA c r i t e r i a .  

S o l u t i o n  12.1 - Rebui ld E x i s t i n g  T ra in ing  Dike t h a t  D i rec ts  

Flows t o  t h e  Padel ford Wash Crossing Over t h e  Beardsley 

Canal 

Schematic Plan: Sheet MC-26 

Design Data: Appendix A, Page A-14 

Cost Estimate: Appendix B, Page B-11 

The t r a i n i n g  d i ke  creates a f l o o d  hazard and does no t  meet 

FEMA requirements. To meet requ i red  s p e c i f i c a t i o n s  i t  would 

have t o  be reconstructed and r a i s e d  w i t h  a top w id th  o f  10 

f e e t  and s ide  slopes o f  3:l. The est imated cos t  o f  t h i s  d ike  

i n c l u d i n g  r ight-of -way i s  $129,700 and w i thou t  r ight-of -way 

i t  i s  $49,700. 

Ponding Behind The Beardsley Canal 

The e x i s t i n g  100-year ponding e leva t i on  behind the  Beardsley 

Canal i s  r i g h t  a t  t h e  top  o f  the  bank and may overtop t h e  
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canal. The problem i s  compounded b y  dense vegetat ion along 

t h e  canal bank t h a t  impedes the  f l ow  o f  stormwater t o  the  

canal wash crossings. I n  add i t ion ,  t he re  are 4 p ipe  c u l v e r t s  

i n t o  the  canal about 2100 f e e t  eas t  o f  Grand Avenue t h a t  have 

been crushed and consequently p rov ide  very  l i t t l e  

conveyance. 

So lu t i on  13.1 - Raise Canal Bank, Clear  Vegetation, and 

Replace Cu lver ts  

Schematic Plan: Sheet MC-22, MC-23 and MC-26 

Design Data: Appendix A, Page A-14 and A-15 

Cost Estimate: Appendix B, Page B-12 

The s o l u t i o n  t o  t h e  ponding problem inc ludes c l e a r i n g  the  

vegeta t ion  from behind t h e  Beardsley Canal and p rov id ing  a 

p o s i t i v e  slope toward the  nearest wash crossing. I n  

add i t i on ,  the  canal bank would have t o  be ra i sed  up about 3 

f e e t  and the  4 crushed p ipe  c u l v e r t s  east  o f  Grand Avenue 

would need t o  be replaced. The t o t a l  est imated cos t  i s  

$338,200. 

3.10 McMicken Dam O u t l e t  Channel 

McMicken Dam was designed t o  conta in  t h e  Standard P ro jec t  

Flood (SPF) below the  c r e s t  o f  t h e  s p i l l w a y  w i t h  a peak 

discharge t o  the  o u t l e t  channel o f  4,450 c fs .  However, t h e  

HEC-1 model developed as p a r t  o f  t h i s  s tudy i nd i ca tes  t h a t  

t h e  SPF w i l l  overtop the  s p i l l w a y  and the  t o t a l  peak 
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discharge t o  t h e  o u t l e t  channel i s  15,518 c fs .  The increase 

i n  peak discharge exceeds the  capac i t y  o f  the  o u t l e t  channel 

i n c l u d i n g  t h e  br idge crossings under Grand Avenue and the  

AT&SF Rai l road.  The o u t l e t  channel widens downstream o f  the  

Ra i l road  and can conta in  the  increased f low. The f o l l o w i n g  
two a l t e r n a t i v e s  can a l l e v i a t e  the  f l ood ing  problem. 

S o l u t i o n  14.1 - Increase Capacity o f  McMicken Dam O u t l e t  

Channel 

Schematic Plan: Sheet MC-19 and MC-23 

Design Data: Appendix A, Page A-15 

Cost Estimate: Appendix 0, Page 8-12 

The c a p a c i t y  of the  o u t l e t  channel from the  s p i l l w a y  t o  5,200 

fee t  eas t  cou ld  be increased and the  b r i dge  s t ruc tu res  a t  

Grand Avenue and the  AT&SF Rai l road be enlarged t o  

accommodate t h e  increased f low. The requ i red  channel bottom 

w id th  i s  130 f e e t  w i t h  2 : l  s ide  slopes and a depth o f  14 

feet.  Th is  inc ludes  1 f o o t  o f  f reeboard f o r  t h e  SPF peak 

discharge o f  15,518 c fs .  The est imated cos t  i s  $751,300 

i n c l u d i n g  b r i dge  widening. 

S o l u t i o n  14.2 - Increase Storage Capacity o f  McMicken Dam 

Another a l t e r n a t i v e  would be t o  r a i s e  both t h e  dam and 

s p i l l w a y  t o  conta in  t h e  volume o f  the  SPF below the  s p i l l w a y  

and keep t h e  probable maximum f l o o d  l e v e l  below the  top  of 

t h e  dam. This would be c o s t l y  and would need t o  be s tud ied  

f u r t h e r  as f u t u r e  cond i t ions  warrant. 
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Dike Data 

Height  From Channel I n v e r t  Varies = 7 '  - 11' 

Dike E leva t i on  = 1563.5 a t  S t a r t  o f  Channel izat ion 

Dike E leva t i on  = 1561.5 a t  T i e  i n  t o  E x i s t i n g  CAP Dike 

Top Width = 12 '  

Length = 1,300' 

Side Slopes = 3 : l  

Minimum Freeboard = 3 '  

B u i l d  Up Dike on CAP Canal Between CAP4EAST and CAP5EAST 

Overchutes 

Water Surface E leva t i on  Before A l t e r n a t i v e  1.2 = 1549.88 

Low Spot on Top o f  Dike = 1553.0 

Water Surface E leva t i on  A f t e r  A l t e r n a t i v e  1.2 = 1552.12 

Minimum Freeboard Required = 3 '  

Dike Data 

Top Width = 50' Length = 2,000' 

Side Slopes = 3 : l  Dike Volume = 6,555 c.y. 

B u i l d  up Low Spot t o  E levat ion  = 1556.0 

SOLUTION 2.1 - Wittmann Wash Channel izat ion North o f  Pat ton Road and 

203rd Avenue Area 

Schematic Plan: Sheet PC-1 

Cost Estimate: Appendix B, Page B-2 



Trapezoidal Channel Data 

CHANNEL SEGMENT 1 

Flow Rate = 1,130 c f s  Normal Depth = 4.47' 
Slope = .0015 ft/ft C r i t i c a l  Depth = 3.16' 
Mannings "N" = .022 Veloc i ty  = 5.83 f t /sec 

L e f t  Side Slope = 3 : l  1 - 3 '  Gabion Basket 

Right  Side Slope = 3 : l  Drop Structure - 
Bottom Width = 30' Approximate Gabion Basket 
Length = 2,100' Volume = 138 C.Y. 

CHANNEL SEGMENT 2 

Flow Rate = 2,260 c f s  Normal Depth = 4.70' 

Slope = .0008 ft/ft C r i t i c a l  Depth = 2.75' 
Mannings "Nu = .022 Veloc i ty  = 5.88 f t /sec 
L e f t  Side Slope = 5 : l  5 - 4 '  Gabion Basket 

Right  Side Slope = 5 : l  Drop Structures - 
Bottom Width = 80' Approximate Gabion Basket 
Length = 2,460' Volume = 307 c .y . per drop 

CHANNEL SEGMENT 3 

Flow Rate = 2,260 c f s  Normal Depth = 5.06' 

Slope = .00046 f t / f t  C r i t i c a l  Depth = 2.70' 
Mannings "Nu = .022 Veloc i ty  = 3.95 f t /sec 
L e f t  Side Slope = 10: l  

Right  Side Slope = 3 : l  

Bottom Width = 80' 

Length = 5,000' 

6 BARREL 10'X 5 '  BOX CULVERT 

5 0 -Year Q = 1,756 cfs Length = 60' 

Maximum Discharge a t  Headwater Slope = .0083 f t / f t  

Depth = 6.2'= 1,750 c f s  I nve r t  Elevat ion 

Upstream = 1546.0 



SOLUTION 2.2 - Contain S p l i t  Flow I n  Wittmann Wash With a Dike 

Schematic Plan: Sheet PC-1 

Cost Estimate: Appendix B, Page 8-3 

Dike Data 

Top Width = 12'  

Side Slopes = 3 : l  

Height  o f  Dike = 4 '  (h igher  than e x i s t i n g  bank e leva t i on )  

Minimum Freeboard = 3 '  

Length = 1,350' 

SOLUTION 2.3 - Improve Patton Road Drainage t o  Contain the  S p l i t  Flow 

Schematic Plan: Sheet PC-1 

Cost Est imate: Appendix B, Page 8-3 

Grouted Riprap Berm Around Co l l ec t i on  D i t c h  

Top Width = 2 '  Area o f  Grouted Riprap = 1,065 s.y. 

Side Slopes = 2:l Length = 1,100' 

E leva t i on  = 1552.0 Height Varies 0 - 3 f e e t  

3 Ba r re l  8 '  x 5 '  Box Cu lve r t  

100-year Q = 550 c f s  Length = 92' 

Maximum Discharge a t  Headwater Slope = .0054 ft/ft 

Depth = 5.00 ' = 550 c f s  I n v e r t  E leva t i on  Upstream 
= 1545.5 



1 Trapezoidal Channel Data t o  CAPLWEST Overchute 

Flow Rate = 550 c f s  Normal Depth = 3.64' 

I Slope = .00057 f t / f t  C r i t i c a l  Depth = 1.51' 

Mannings "N" = .03 Ve loc i ty  = 2.43 f t /sec 

I L e f t  Side Slope = 3: l  
R ight  Side Slope = 3 : l  

I Bottom Width = 50' 

Length = 2,800' 

I SOLUTION 3.1 - Channelization Through the Comnuni ty o f  Wittmann 

I Schematic Plan: Sheets W - 1  and W-2 

Cost Estimate: Appendix B, Page B-4, 8-5 and 8-6 

1 From Bridges Upstream t o  S t a r t  o f  Divided Flow - Trapezoidal 

I Channel Data 

Flow Rate = 2,202 c f s  Normal Depth = 2.63' 

Slope = .0050 ft/ft C r i t i c a l  Depth = 2.37' 

I Mannings "Nu = .025 Veloc i ty  = 7.41 f t /sec 

L e f t  Side Slope = 5 : l  Riprap Bank Protect ion Volume = 

I Right  Side Slope = 5 : l  633 c.y.  
Bottom Width = 100' Thickness = 18" 

I Length = 600' Toe Down = 3 '  

I Northern Channel o f  Divided Flow 

Flow Rate = 1,050 c f s  Normal Depth = 3.13' 

I 
Slope = .005 f t / f t  C r i t i c a l  Depth = 2.85' 

Mannings "Nu = .025 Veloc i ty  = 7.34 f t /sec 

L e f t  Side Slope = 5 : l  Riprap Bank Protect ion Volumes = 

I Right  Side Slope = 5:l 1,576 c.y. 
Bottom Width = 30' Thickness = 18" 

I Length = 1,610' Toe Down 3 ' ,  10' a t  upstream end 
o f  I s land  



DESIGN DATA 

FOR 

I SOLUTIONS TO EXISTING DRAINAGE PROBLEMS 

SOLUTION 1.1 - Widen CAPlWEST Overchute 

1 Schematic P lan-  Sheet PC-1 
Cost Estimate: Appendix B, Page 0-1 

I 
E x i s t i n g  Width = 67.5' 

I Depth = 8.5' 

Add i t iona l  Width = 107.5' 

I Water Surface E levat ion  P r i o r  t o  Widening = 1551.92 

Water Surface E levat ion  A f t e r  Widening = 1548.21 

I 
Difference = 3.71' ( S a t i s f i e s  FEMA Spec i f i ca t i ons )  

SOLUTION 1.2 - Redirect  Flows From CAPlWEST t o  Ponding Area Behind CAP 

I Canal East o f  Grand Avenue 

I Schematic Plan: Sheet 6-3 and MC-16 

Cost Estimate: Appendix B, Page 0-1 

I Trapezoidal Channel Data 
Flow Rate = 4475 c f s  

I Slope = ,0005 ft/ft 

Mannings "Nu = .03 

I L e f t  Side Slope = 3 : l  

R igh t  Side Slope = 3 : l  

I Bottom Width = 200 

Length = 3,000' 

Normal Depth = 5.97' 

C r i t i c a l  Depth = 2.46' 

Ve loc i t y  = 3.44 f t / sec  

3 - 3 '  Gabion Basket 

Drop Structures - 
Approximate Gabion Basket 

Volume Per Drop = 705 c.y. 





Appendix 



Southern Channel o f  D iv ided Flow 

Flow Rate = 1,113 c f s  Normal Depth = 3.03' 

Slope = .005 C r i t i c a l  Depth = 2.75' 
Mannings "Nu = .025 Ve loc i t y  = 7.33 f t / sec  

L e f t  Side Slope = 5:l Riprap Bank P ro tec t i on  Volume = 
R igh t  Side Slope = 5:l 1,576 c.y. 

Bottom Width = 35' Thickness = 18" 

Length = 1,610' Toe Down = 3', 10' a t  upstream end 
o f  I s l a n d  

2 - 3' Gabion Basket Drop St ruc tures  - Volume = 155 c.y. 

per  drop 

Channel Upstream From Div ided Flow 

Flow Rate = 2,163 c f s  Normal Depth = 2.60' 

Slope = .005 C r i t i c a l  Depth = 2.34' 

Mannings "Nu = .025 Ve loc i t y  = 7.37 f t / sec  

L e f t  Side Slope = 5:l 2 - 3' Gabion Basket Drop 

R i g h t  Side Slope = 5:l Struc tures  - Volume = 406 c.y. 

Bottom Width = 100' per drop 

Length = 790' 

Riprap Bank P ro tec t i on  Volume = 823 c.y. 

Thickness = 18" 

Toe Down = 3' 

4 - Bar re l  8' x 5' Box Cu lve r t  - Northern Crossing on Center 

S t r e e t  

100-Year Q = 1,050 c f s  Length = 50' 

Discharge a t  Headwater Slope = .0100 f t / f t  

Depth = 5.0 = 1,056 c f s  Upstream I n v e r t  E levat ion  = 1086.0 

6 - Bar re l  6' x 5' Box Cu lve r t  - Southern Crossing on Center 

S t r e e t  

100-Year Q = 1,113 c f s  Length = 50 c f s  

Discharge a t  Headwater Slope = .Dl00 c f s  

Depth = 5.0 = 1,155 c fs  Upstream I n v e r t  E levat ion  = 1086.0 



SOLUTION 4.1 - Channel izat ion t o  Capture Flows North o f  Nadaburg 

School 

Schematic Plan: Sheet W - 1  

Cost Est imate: Appendix B, Page 8-6 

Trapezoidal Channel Data 

Flow Rate = 406 c f s  North Depth = 2.86' 

Slope = .0065 f t / f t  C r i t i c a l  Depth = 2.50' 

Mannings "N" = .03 Ve loc i t y  = 5.85 f t / sec  

L e f t  Side Slope = 5 : l  4 - 3 '  Gabion Basket Drop St ruc tures  - 
R igh t  Side Slope = 5 : l  Approximate Gabion Basket Volume = 

Bottom Width = 10' 40 C.Y./Drop 

Length = 2,000' 

SOLUTION 4.2 - Dike D i r e c t i n g  Flows Away From Nadaburg School 

Schematic Plan: Sheet W-1 

Cost Est imate: Appendix B, Page 8-6 

Dike Data 

Top Width = 10' 

S ide Slopes = 3 : l  

He igh t  o f  Dike = 4 '  (h igher  than e x i s t i n g  bank e leva t i on )  

Minimum Freeboard = 3 '  

Length = 1,100' 



SOLUTION 5.1 - Extension o f  E x i s t i n g  T ra in ing  Dike on W i  ttmann Wash t o  

D i r e c t  Flows t o  Br idge Crossing 

Schematic Plan: Sheet W-2 

Cost Estimate: Appendix B, Page B-7 

Dike Data 

Top Width = 20' 

Side Slopes = 4: l  

Height  o f  Dike = 2 '  

E leva t ion  = 1680.0 

Length = 60' 

SOLUTION 6.1 - Box Cu lver t  a t  C i r c l e  City Entrance Road 

Schematic Plan: Sheet C - 1  

Cost Estimate: Appendix B, Page 8-7 

2 - 10' x 3 '  Box Culver ts  

100-year Q = 276 c f s  Length = 60' 

Headwater Depth = 3.0' Slope = .0133 f t / f t  

= Discharge a t  300 c fs  

SOLUTION 7.1 - Widen Iona Wash Overchute 

Schematic Plan: Sheet MC-1 and MC-4 

Cost Estimate: Appendix B, Page 8-7 

100-year Water Surface E levat ion  = 1.552.12' 

Low Spot on Top o f  Dike = 1,552.0' 

A-B 



Dike Data 

Top Width = 25' Dike Volume = 17,546 c.y. 

I Side Slopes = 3 : l  E levat ion  = 1550.0 

Length = 5,850' Minimum Freeboard = 3 '  

Widening o f  Iona Wash Overchute 

I E x i s t i n g  Width = 47.5' Depth = 6.8' 

Ad i t i ona l  Width Needed = 57.5' 

I 
New Width = 105' 

100-year Water Surface E levat ion  = 1550.73 

D i f fe rence = 4.27' ( S a t i s f i e s  FEMA Spec i f i ca t i ons )  

I 
SOLUTION 8.1 - 10-Year Design f o r  CAPlWEST Wash Crossings 

I Schematic Plan: Sheet MC-6, MC-10 and MC-11  

I 
Cost Estimate: Appendix B, Page B-8 

Pat ton Road - 15 - 10' x 4'  Box Cu lver ts  

I 10-year Q = 2,280 c f s  Length = 50' 

Discharge a t  Headwater Slope = .0100 f t / f t  . 

Depth = 3.0' = 2,325 c f s  Upstream I n v e r t  E levat ion  = 

1520.0 

I 193rd Avenue - 6 - 10' x 6 '  Box Cu lver ts  

I 10-year Q = 2,346 c f s  Length = 50' 

Discharge a t  Headwater Slope = .0100 ft/ft 

I 
Depth = 6.0' = 2,580 c f s  Upstream I n v e r t  E levat ion  = 

1470.0 

I Jomax Road - 8 - 10' x 5 '  Box Culver ts  

10-year Q = 2,346 c f s  Length = 50' 

Discharge a t  Headwater Slope = .0100 f t / f t  

Depth = 5.0' = 2,560 c f s  Upstream I n v e r t  E levat ion  = 



Happy Val ley Road - 17 - 10' x 3 '  Box Culverts 

10-year Q = 2,412 c f s  Length = 50' 

Discharge a t  Headwater Slope = .0100 ft/ft 

Depth = 3.0' = 2,550 c f s  Upstream I n v e r t  Elevat ion = 

1432.0 

SOLUTION 8.2 - 50-Year Design f o r  CAPlWEST Wash Crossings 

Schematic Plan: Sheet MC-6, MC-I0 and MC-11 

Cost Estimate: Appendix B, Page 0-9 

Patton Road - 25 - 10' x 4 '  Box Culverts 

50-year Q = 4,611 c f s  Road Weir Length = 700' 

100-year Q = 6,455 c f s  Flow Over Road = 705 c f s  

Discharge a t  Headwater Depth a t  Crown = .48' 

Depth = 4.0' = 5,750 c f s  Culvert  Length = 50' 

Weir Coe f f i c ien t  = 3.0 Slope = .0100 ft/ft 

Upstream I n v e r t  Elevat ion = 

1520.0 

193rd Avenue - 9 - 10' x 8 '  Box Culverts 

50-year Q = 4,707 c f s  Road Weir Length = 180' 

100-year Q = 6,342 c f s  Flow Over Road = 42 c f s  

Discharge a t  Headwater Depth a t  Crown = .18' 

Depth = 8.5' = 6,300 c f s  Culver t  Length = 50' 

Weir Coe f f i c ien t  = 3.0 Slope = .0100 f t / f t  

Upstream Inve r t  Elevat ion = 

1465.6 



Jomax Road - 11 - 10' x 7 '  Box Cu lver ts  

50-year Q = 4,707 c f s  Road Weir Length = 360' 

100-year Q = 6,342 c f s  Flow Over Road = 292' 

Discharge a t  Headwater Depth a t  Crown = .42' 

Depth = 7.01' = 6,050 c f s  Cu lver t  Length = 50' 
Weir C o e f f i c i e n t  = 3.0 Slope = .0100 ft/ft 

Upstream I n v e r t  Elevat ion = 

1465.6 

Happy Val ley Road = 21 - 10' x 4 '  Box Cu lver ts  

50-year Q = 4,803 c f s  Road Weir Length = 700' 

100-year Q = 6,228 c f s  Flow Over Road = 558 c f s  

Discharge a t  Headwater Depth a t  Crown = .41' 

Depth = 4.5 = 5,670 c f s  Cu lver t  Length = 50' 
Weir C o e f f i c i e n t  = 3.0 Slope = .0100 ft/ft 

Upstream I n v e r t  Elevat ion = 

1432.0 

SOLUTION 8.3 - Extend T ra in ing  Dike Upstream From Deer Val ley Road 

Schematic Plan: Sheet MC-19 

Cost Estimate: Appendix B, Page B-10 

Dike Data 

Top Width = 12'  Minimum Freeboard = 3 '  
Side Slopes = 3 : l  Length = 3,350' 
Dike Height  = 5 '  



SOLUTION 9.1 - Channelization Below CAPZWEST Overchute t o  Bridge a t  

Deer Val ley Road 

Schematic Plan: Sheet MC-3, MC-4, MC-6, MC-7, MC-11 and MC-12 

Cost Estimate: Appendix B, Page B-10 

Trapezoidal Channel Data 

Flow Rate = 2,500 c f s  Normal Depth = 1.3' 

Slope = .00591 ft/ft C r i t i c a l  Depth = .92' 

Mannings "Nu = .035 Veloc i ty  = 3.85 f t / sec  

L e f t  Side Slope = 3 : l  

Right  Side Slope = 3 : l  

Bottom Width = 500' 

Length = 25,300' 

SOLUTION 10.1 - Reconstruct Ex is t ing  Dike 

Schematic Plan: Sheet MC-22 

Cost Estimate: Appendix B, Page B-10 

Dike Data 

E levat ion From Top o f  Ex i s t i ng  Dike Varies 0 - 3 f e e t  

Elevat ion = 1389.6 a t  163rd Avenue t o  1359.0 a t  Out le t  

Top Width = 10' Dike Volume = 9,809 c.y. 

Side Slopes = 3 : l  Minimum Freeboard = 3 '  

Length = 7,700' 



SOLUTION 10.2 - Construct Channel Along Ex is t ing  Oike Alignment 

Schematic Plan: Sheet MC-22 

Cost Estimate: Appendix B, Page B-11 

163rd Avenue t o  3,500' East 

Flow Rate = 584 c f s  Normal Depth = 1.70' 
Slope = .00337 ft/ft C r i t i c a l  Depth = 1.40' 
Mannings "Nu = .022 Veloc i ty  = 5.28 f t /sec 
L e f t  Side Slope = 3 : l  1 - 2' Gabion Basket Drop 
Right Side Slope = 3 : l  Structure - Approximate 
Bottom Width = 60' Gabion Basket Volume = 

Length = 3,500' 157 c.y. 

From 3,500 Feet East, t o  CAP5EAST Wash 

Flow Rate = 2,025 c f s  Normal Depth = 2.82' 
Slope = .0015 f t / f t  C r i t i c a l  Depth = 

Mannings "N" = .022 Veloc i ty  = 5.01 f t /sec 
L e f t  Side Slope = 3 : l  3 - 3 '  Gabion Basket Drop 

Right  Side Slope = 3 : l  Structures - Approximate 
Bottom Width = 135' Gabion Basket Volume Per Drop 
Length = 4,200' = 430 c.y. 

SOLUTION 11.1 - Remove Ex i s t i ng  Oike D i rec t ing  FLOWS t o  Lake Bonita 

Schematic Plan: Sheet MC-25 

Cost Estimate: Appendix B, Page B-11 

Total  Quan t i t y  o f  Dike t o  be Removed = 27,391 c.y. 

From Spil lway t o  Breach i n  Dike 

Begin a t  Elevat ion = 1411.0 

End a t  Elevat ion = 1411.0 Length = 1,200' 



From Breach i n  Dike Northeast t o  Mountain 

Begin a t  Elevation = 1411.0 

End a t  Elevation = 1414.0 Flow Over Section = 42,622 c f s  

Length = 1,600' A t  Elevation = 1414.6 

This w i l l  a lev ia te  the problem a t  the Lake Bonita Dam, but  i t  

st51 1 does not  meet ADWR freeboard requirements. 

SOLUTION 12.1 - Rebuild Ex is t ing Training Dike That D'irects Flows t o  

Padelford Wash Crossing Over Beardsley Canal 

Schematic Plan: Sheet MC-26 

Cost Estimate: Appendix B, Page B-11 

Dike Data 

Top Width = 10' Dike Volume = 14,074 c.y. 

Side Slope = 3 : l  Elevation Varies 

Dike Height = 5 '  Minimum Freeboard = 3' 

Length = 4,000' 

SOLUTION 13.1 - Raise Beardsley Canal Bank, Clear Vegetation, and 

Rep1 ace Culverts 

Schematic Plan: Sheet MC-22, MC-23 and MC-26 

Cost Estimate: Appendix B, Page 8-12 

Road Dike Data 

Top Width = 20' Road Dike Volume = 87,000 cy 

Side Slopes = 3 : l  Height = 3 '  

Length = 27,000' Minimum Freeboard = 3 '  



4 - 42 RCP Culverts (From BPR Culvert  Charts) 

Allowable Headwater = 5.5' Slope = .0100 ft/ft 

I Headwater/Depth = 1.57 Upstream I n v e r t  Elevat ion = 

Design Discharge = 340 c f s  1335.0 
Length = 50' 

I Weir Flow Through Ex i s t i ng  Concrete Spi l lway Approximately 2,000' 

Northeast From Grand Avenue 

I 
Weir Length = 50' Weir Flow = 304 c f s  

Weir Coe f f i c i en t  = 3.0 

D e ~ t h  = 1.6' 

SOLUTION 14.1 - Increase Capacity o f  McMicken Dam Out le t  Channel 

Schematic Plan: Sheet MC-19 and MC-23 

Cost Estimate: Appendix B, Page 8-12 

Trapezoidal Channel Data 

Flow Rate = 15,100 c f s  Normal Depth = 12.59' 

Slope = .0007 ft/ft C r i t i c a l  Depth = 7.20' 

Mannings "Nu = .025 Veloc i ty  = 7.49 f t /sec 

L e f t  Side Slope = 2:1 

Right  Side Slope = 2 : l  

Bottom Width = 130' 

Length = 5,200' 

Need t o  Widen Both Bridges A t  Grand Avenue and AT&SF Rai l road 

Approximately 75' . 





m DESCRIPTION 

COST ESTIMATES 
FOR 

SOLUTIONS TO EXISTING DRAINAGE PROBLEMS 

UNIT - QUANTITY UNIT COST COST - 

Concrete Overchute Widening S.F. 19,888 $50.00 $ 994,400.00 

I Construction Cost $ 994,400.00 

15% Contingencies 149,160.00 

I Total Cost $1,143,560.00 

SOLUTION 1.2 - Redirect  Flows From CAPlWEST t o  Ponding Area Behind CAP Canal East 

Excavation C.Y. 66,130 $2.50 

Compaction o f  Dike C.Y. 5,629 $1.50 

'I Drop Structures (Gabion Baskets) C.Y. 3 @ 705 = 2115 $65.00 

Construction Cost 

I 
15% Contingencies 

Total Construction Cost 
Right-of -way S.F. 418,500 $.25 

Cost 

I Excavation and Compaction C.Y. 6,555 $2.50 $ 16,388.00 

Construction Cost $ 16,388.00 

15% Contingencies 2,460.00 
Cost $ 18,848.00 

Total Cost 



DESCRIPTION UNIT - QUANTITY UNIT COST COST - 

SOLUTION 2.1 - Wittmann Wash Channelization North o f  Patton Road and 203rd Avenue 

Area 

Segment 1 

Excavation 

Drop Structures 

Right-of-way 

Segment 2 

Excavation 

Drop Structures 

Right-of-way 

Segment 3 

Excavation 

C.Y. 24,061 $2.50 $ 60,153.00 

Ea. 1 $9,000.00 9,000.00 

Construction Cost $ 69,153.00 

15% Contingencies 10,373.00 

Total  Construction Cost $ 79,526.00 

S.F. 237,300 $.25 59,325.00 

Cost $ 138,851.00 

C.Y. 51,079 $2.50 $ 127,698.00 

Ea. 5 $20,000.00 100,000.00 

Construction Cost $ 227,698.00 

15% Contingencies 34,155.00 

Total  Construction Cost $ 261,853.00 

S.F. 442,800 S.25 110,700.00 

Cost $ 372,553.00 

C.Y. 41,463 $2.50 $ 103,658.00 

Construction Cost $ 103,658.00 

15% Contingencies 15,548.00 

Cost $ 119,206.00 



DESCRIPTION - UNIT 4UANTITY UNIT COST - COST 

6 Bar re l  10' x 5'  Box Cu lve r t  

6 - 10 '  x 5'  Box Cu lver ts  C.Y. 408 $295.00 $ 120,360.00 

Excavation C.Y. 1,011 $8.00 8,088.00 

Saw Cut & Remove Pavement S.Y. 1,311 $2.00 622.00 

Replace Pavement S.Y. 311 $10.00 3,110.00 

Construct ion Cost $ 132,180.00 
15% Contingencies 19,827.00 

Cost $ 152,007.00 

To ta l  Cost $ 782,617.00 
- 

SOLUTION 2.2 - Contain S p l i t  Flow i n  Wittmann Wash With a Dike 

Excavation and Compaction C.Y. 5,000 $2.50 $ 12,500.00 
Construct ion Cost $ 12,500.00 

15% Contingencies 1,875.00 

To ta l  Construct ion Cost $ 14,375.00 

Possib le Right-of-way S.F. 75,600 8.25 18,900 .OO 

Tota l  Cost $ 33,275.00 

SOLUTION 2.3 - Improve Pat ton Road Drainage t o  Contain the  S p l i t  Flow 

Berm Around C o l l e c t i o n  D i t c h  

Grouted Riprap S.Y. 1,065 $25.00 $ 26,625.00 

Excavat ion and Compaction C.Y. 490 $2.50 1,225.00 
Construct ion Cost $ 27,850.00 

15% Contingencies 4,178.00 

Cost $ 32,028.00 



DESCRIPTION - UNIT QUANTITY UNIT COST COST - 
3 Barre l  8 '  x 5 '  BC 

3 Bar re l  8 '  x 5'  BC L.F. 110 $840.00 $ 92,400.00 
Excavation C.Y. 453 $8.00 3,624.00 

Saw Cut and Remove Pavement S.Y. 164 $2.00 328.00 

Replace Pavement S.Y. 164 $10.00 1,640.00 

Construct ion Cost $ 97,992.00 

15% Contingencies 14,699.00 

Cost $ 112,691.00 

Channel t o  CAPEWEST Overchute 

Excavation C.Y. 7,493 $2.50 $ 18,733.00 

Construct ion Cost $ 18,733.00 

30% Appurtenances & Contingencies 5,620.00 

(Possible Relocat ion o f  Water Pipe) 

Cost $ 24,353.00 

Tota l  Cost $ 165,051.00 

SOLUTION 3.1 - Channel izat ion Through The Community o f  Wittmann 

From Bridges Upstream t o  S t a r t  o f  Div ided Flow 

Excavation C.Y. 5,600 $2.50 $ 14,000.00 

Riprap Bank P ro tec t i on  C.Y. 633 $25.00 15,825.00 

Construct ion Cost $ 29,825.00 

15% Contingencies 4,474.00 

Tota l  Construct ion Cost $ 34,299.00 



DESCRIPTION - UNIT QUANTITY UNIT COST - COST 

Northern Channel o f  Div ided Flow 

Excavation C.Y. 6,876 $2.50 $ 17,190.00 
Riprap Bank Protec t ion C.Y. 1,576 $25.00 39,400.00 

Gabion Basket Drop Structures C.Y. 2 8 138 $65 .OO 17,940.00 

Construction Cost $ 74,530.00 

15% Contingencies 11,180.00 
Total Construct ion Cost $ 85,710.00 

Southern Channel o f  Divided Flow 

Excavation C.Y. 7,090 $2.50 $ 17,725.00 

Riprap Bank Protec t ion C.Y. 1,576 $25.00 39,400.00 

Gabion Basket Drop Structures C.Y. 2 @ 155 $65.00 20,150.00 
Construction Cost $ 77,275.00 

15% Contingencies 11,591.00 

Total  Construction Cost $ 88,866.00 

Upstream From Div ided Flow on Wittmann Wash 

Excavation C.Y. 18,583 $2.50 $ 46,458.00 

Riprap Bank Protec t ion C.Y. 823 $25.00 20,575.00 
Gabion Basket Drop Structures C.Y. 2 @ 406 $65.00 26,390.00 

Construction Cost $ 93,423.00 

15% Contingencies 14,013.00 

Total Construction Cost $ 107,436.00 

4 Barrel  - 8 '  x 5 '  Box Culverts - Northern Crossing on Center St reet  

4 Barrel  - 8 '  x 5 '  Box Culver t  Ea. 1 $40,250.00 $ 40,250.00 

Construction Cost $ 40,250.00 

15% Contingencies 6,038.00 

Total  Construction Cost $ 46,288.00 



DESCRIPTION - UNIT QUANTITY UNIT COST COST 

I 
- 

6 Barre l  - 6 '  x 5'  Box Cu lve r t  - Southern Crossing on Center S t ree t  

I 6 Bar re l  - 6 '  x 5 '  Box Cu lve r t  Ea. 1 $43,100.00 3 43,100.00 

I Construct ion Cost $ 43,100.00 

15% Contingencies 6,465.00 

I 
Tota l  Construct ion Cost $ 49,565.00 

Tota l  Cost $ 412,164.00 

I - 
SOLUTION 4.1 - Channel izat ion t o  Capture Flows North o f  Nadaburg School 

I Excavation C.Y. 6,389 $2.50 $ 15,972.00 

I Drop St ruc tures  (Gabion Baskets) C.Y. 4 @ 40 = 160 $65.00 10,400.00 

Construct ion Cost $ 26,372.00 

I 
15% Contingencies 3,956.00 

Tota l  Construct ion Cost $ 39,328.00 

Right-of-way S.F. 138,000 $.25 34,500.00 

I Total  Cost $ 64,828.00 

SOLUTION 4.2 - Dike D i r e c t i n g  Flows Away From Nadaburg School 

Excavat ion and Compaction C.Y. 3,585 $2.50 8 8,963.00 

o f  Dike 

Construct ion Cost $ 8,963.00 

15% Contingencies 1,344.00 

Tota l  Construct ion Cost $ 10,307.00 

Right-of-way S.F. 59,400 8.25 14,850.00 

Tota l  Cost $ 25,157.00 



DESCRIPTION - UNIT OUANTITY UNIT COST - COST 

SOLUTION 5.1 - Extension o f  Ex i s t i ng  Dike on Wittmann Wash D i rec t ing  Flow t o  Bridge 

Crossings 

Excavation and Compaction C.Y. 125 $10.00 $ 1.250.00 

o f  Dike 
Construction Cost $ 1,250.00 

15% Contingencies 188.00 

Total  Construction Cost $ 1,438.00 

Possible Right-of-way S.F. 3,360 6.25 840.00 

Total  Cost $ 2,278.00 

SOLUTION 6.1 - Box Culver t  a t  C i r c l e  C i t y  Entrance Road 

C i r c l e  C i t y  Entrance Road Culverts 

2 - 10' x 3 '  B.C.'s L.F. 60 $500.00 $ 30,000.00 

Sawcut and Remove Pavement L.F. 40 $5.00 200.00 

Excavation and B a c k f i l l  C.Y. 167 $5.00 835.00 

New Asphalt S.Y. 37 $10.00 370.00 

Construction Cost $ 31,405.00 

15% Contingencies 4,710.00 

Total  Construction Cost $ 36,115.00 

SOLUTION 7.1 - Widen Iona Wash Overchute 

Excavation and Compaction C.Y. 17,546 $2.50 $ 43,865.00 

Overchute Widening S.F. 57.5'~180'=10,350 $50.00 517,500.00 

Construction Cost 6 561,365.00 

15% Contingencies 84,205.00 

Total Cost $ 645,570.00 



DESCRIPTION - UNIT QUANTITY UNIT COST COST - 

SOLUTION 8.1 - 10-year Design f o r  CAPlWEST Wash Crossings 

Patton Road 

15 - 10' x 4 '  0 . c . ' ~  L.F. 1 5 x 5 0 1 = 7 5 0  $260.00 $ 195,000.00 

Construction Cost $ 195,000.00 

15% Contingencies 29,250.00 
Cost $ 224,250.00 

193rd Avenue 

6 - 10' x 6 '  0 . c . ' ~  L.F. 6x5O1=3O0 $280.00 $ 84.000.00 

Construction Cost S 84,000.00 

15% Contingencies 12,600.00 

Cost $ 96,600.00 

Jomax Road 

8 - 10' x 5'  B.C.'s L.F. 8x50' = 400 $280.00 4 112.000.00 

Construction Cost $ 112,000.00 

15% Contingencies 16,800.00 

Cost $ 128,800.00 

Happy Val ley Road 

17 - 10' x 3 '  B.C.'s L.F. 1 7 x 5 0 ' = 8 5 0  $260.00 $ 221,000.00 

Construction Cost $ 221,000.00 

15% Contingencies 33,150.00 

Cost $ 254,150.00 

Total Cost S 703,800.00 



DESCRIPTION UNIT QUANTITY UNIT COST - 
SOLUTION 8.2 - 50-Year Design f o r  CAPlWEST Wash Crossings 

Patton Road 

25 - 10' x 4 '  B.C.'s L.F. 25x50' = 1,250 $260.00 

Construction Cost 

15% Contingencies 

Cost 

193rd Avenue 

9 - 10' x 8 '  B.C.'s L.F. 9x5Ot=45O $295.00 

Construction Cost 

15% Contingencies 

Cost 

Jomax Road 

11 - 10' x 7 '  B.C.'s L.F. 11x50' = 550 $290.00 

Construction Cost 

15% Contingencies 

Cost 

Happy Val l e y  Road 

21 - 10' x 4 '  B.C.'s L.F. 21x50' = 1,050 $260.00 

Construction Cost 

15% Contingencies 

Cost 

Total Cost 

COST - 



DESCRIPTION - UNIT QUANTITY UNIT COST COST - 

SOLUTION 8.3 - Extend T ra in ing  Dike Upstream From Deer Val ley Road 

Excavation and Compaction C.Y. 16,750 $2.50 $ 41,875.00 

Construction Cost $ 41,875.00 

15% Contingencies 6,281.00 

Total Construction Cost $ 48,156.00 

Possible Right-of-way S.F. 207,700 $.25 51,925.00 

Total Cost $ 100,081.00 

SOLUTlON 9.1 - Channel izat ion Below CAP2WEST Overchute t o  Bridge a t  Deer Val ley 

Road 

Excavation C.Y. 1,329,055 $1.25 $1,661,319.00 

Construct ion Cost $1,661,319.00 

15% Contingencies 249,198.00 

Total Construct ion Cost $1,910,517.00 

Possible Right-of-way S.F. 13,662,000 $.25 3,415,500.00 

Total Cost $5,326,017.00 

SOLUTION 10.1 - Reconstruct Ex i s t i ng  Dike 

Excavation and Compaction C.Y. 9,809 $2.50 $ 24,523.00 

Riprap Bank Protec t ion C.Y. 800 $25.00 20.000.00 

Construct ion Cost $ 44,523.00 

15% Contingencies 6,678.00 

Total Construction Cost $ 51,201.00 

Possible Right-of-way S.F. 1,200,000 $.25 300,000.00 

For Dike and Channel 

Total  Cost $ 351,201.00 



I 
DESCRIPTION - UNIT QUANTITY UNIT COST - COST 

SOLUTION 10.2 - Construct Dike Along Ex is t ing  Dike Alignment 

Excavation C.Y. 159,845 $2.50 

Drop Structures C.Y. 1,447 $65.00 
Riprap Bank Protec t ion C.Y. 800 $25.00 

Construct ion Cost 

15% Contingencies 

Total Construction Cost 

Channel Right-of-way S.F. 1,137,500 S.25 

Total Cost 

SOLUTION 11.1 - Remove Ex i s t i ng  Dike D i rec t ing  Flows t o  Lake Bonita 

Excavation C.Y. 27,391 $2.50 $ 68,477.00 

Construct ion Cost $ 68,477.00 

15% Contingencies 10,271.00 

Total Cost $ 78,749.00 

SOLUTION 12.1 - Rebui ld Tra in ing Dike That D i rec ts  Flows t o  Paddelford Wash 

Crossing Over Beardsley Canal 

a Excavation and Compaction C.Y. 14,074 $2.50 $ 35,185.00 

Clear ing and Grubbing Ac . 4 $2,000.00 8,000.00 

;s Construction Cost $ 43,185.00 

15% Contingencies 6,478.00 

Total Construction Cost $ 49,663.00 4 Possible Right-of-way i f  needed f .F. 320,000 $.25 80,000.00 

Total Cost $ 129,663.00 

I 



1 SOLUTION 13.1 - Raise Beardsley Canal Bank, Clear Vegetation, and Replace Culverts 

Excavation and Compaction C.Y. 87,000 $2.50 $ 217,500.00 

Clear Vegetation Ac . 40 $1,500.00 60,000.00 

Replace 4 - 42" RCP L.F. 4 @ 5 0 f t = 2 0 0  $83.00 16.600.00 

Construction Cost $ 294,100.00 

15% Contingencies 44,115.00 

Total Cost $ 338,215.00 

SOLUTION 14.1 - Increase Capacity o f  McMicken Dam Out let  Channel 

Excavation C.Y. 175,260 $1.50 $ 262,890.00 

Grand Avenue Bridge Widening S.F. 60x75 =4,500 $50.00 225,000.00 

AT&SF Railroad Bridge Widening S.F. 30x75 = 2,250 $40.00 90.000.00 
Construction Cost $ 577,890.00 

30% Appurtenance & Contingencies 173,367.00 

(Possible con f l i c t s )  

Total Cost $ 751,257.00 


