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Gentlemen, 

I n  accordance with our  agreement da ted  June 9 ,  1980, we 
r e s p e c t f u l l y  submit t h i s  r e p o r t  on s o l u t i o n s  f o r  t h e  f looding  
problems i n  t h e  lower p o r t i o n s  of Casandro Wash i n  Wickenburg. 

We conclude, from t h e  engineer ing  and economic viewpoint 
t h a t  a r e t e n t i o n  dam on o r  near  t h e  alignment of Mariposa Drive 
is  the  b e s t  of t h e  a l t e r n a t i v e s  considered. Such a p r o j e c t  
would have t h e  most f avorab le  r a t i o  of d i r e c t  b e n e f i t s  t o  c o s t s .  
I n d i r e c t  b e n e f i t s  were not  evaluated bu t  would be s u b s t a n t i a l .  

We apprec ia t e  t h e  a s s i s t a n c e  and cooperat ion of the  So i l  
Conservation Serv ice ,  p a r t i c u l a r l y  the  he lp  received from M r .  
Richard Reidhead, Economist of the  Water Resources Planning 
o f f i c e  i n  Phoenix. 

Very t r u l y  yours,  

Yost and Gardner Engineers 

BY 
John E. Schaefer 
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Casandro Wash 

Wickenburg, Arizona 

A l t e r n a t i v e s  f o r  Flood Control 

1. Background 

1.1 Location and gene ra l  d e s c r i p t i o n  

Casandro Wash i s  a  small  normally d ry  watercourse t r i b u t a r y  t o  So l s  

Wash j u s t  before  i t  j o i n s  the  Hassayampa River.  h o s t  of i t s  watershed 

l i e s  w i th in  t h e  co rpora t e  l i m i t s  of  the  Town of Wickenburg i n  northwest 

Yiaricopa County, Arizona. Fig. 1 shows t h e  watershed i n  r e l a t i o n  t o  t h e  

Town of Wickenburg. 

Basin e l e v a t i o n s  range from 2075 t o  2400 f e e t .  The wash i s  about  

3 miles  long. Although most ly i n  the  town, t h e  bas in  remains e s s e n t i -  

a l l y  i n  i t s  n a t u r a l  s t a t e  wi th  spa r se  upper Sonoran d e s e r t  vegeta t ion .  

Only the lower ha l f  mi le  t r a v e r s e s  a  developed a r e a  near  the  o r i g i n a l  

Wickenburg townsi te  where t h e  s t r e e t s  fo l low the  r egu la r  g r i d i r o n  pa t -  

t e r n  l a i d  out  i n  d i s r ega rd  of topography a f t e r  t h e  fash ion  customary i n  

t h e  19th century.  

A major highway, U.S. Route 60-70, c rosses  t h e  watershed near  t h e  

midpoint of Casandro Wash. The Santa Fe Railroad c rosses  j u s t  upstream 

of t h e  junc t ion  with Sols  Wash. Concrete box c u l v e r t s  have been pro- 

vided f o r  these  c ross ings  but  t h e  numerous town s t r e e t  c ross ings  a r e  

made bys'means of "dips" and a r e  gene ra l ly  not paved. In  the  l a s t  f o u r  

blocks upstream of t h e  r a i l r o a d  c u l v e r t ,  t h e  wash fol lows the  alignment 

of Mohave S t r e e t ,  which i s  a l s o  unpaved. 



O U N T Y  
GRAPHIC  SCALE I 

GENERAL LOCAT ION MAP 

FIGURE I 



1.2 The problem 

Occasional f lood f lows i n  Casandro Wash have eroded por t ions  of 

Mohave, Jackson and Navajo S t r e e t s  t o  the  poin t  where t h e  s t r e e t  su r face  

i s  from 2 t o  4 f e e t  below the  f r o n t  yards of ad jacent  houses. In  some 

p laces  u t i l i t y  l i n e s  have been exposed. Storms leave  s t r e e t s  rough and 

dangerous because of t h e  removal o r  depos i t ion  of m a t e r i a l .  Kuch p r i -  

v a t e  proper ty  i n  t h e  a r e a  has been shown t o  be sub jec t  t o  inundat ion  i n  

f lood insurance s t u d i e s  and thus  placed i n  a  s o r t  of  limbo. Under Town 

ordinances such p rope r ty  cannot be improved s u b s t a n t i a l l y  and no new 

cons t ruc t ion  can t ake  p l ace  (Ref. 1 ) .  Access t o  e x i s t i n g  res idences  is  

cut  o f f ,  even f o r  emergency v e h i c l e s ,  during per iods  of heavy runoff .  

The purpose of t h i s  s tudy i s  t o  see  i f  any measures have c u r r e n t  economic 

and s t r u c t u r a l  f e a s i b i l i t y  f o r  a l l e v i a t i n g  t h i s  s i t u a t i o n ,  pe rmi t t i ng  

normal use and development. The s tudy,  i n s o f a r  a s  improvements a r e  con- 

cerned, i s  l i m i t e d  t o  t h a t  po r t ion  of Casandro Wash below Mariposa Drive, 

and i s  r e l a t e d  p r i m a r i l y  t o  Reeds Addition which i s  t h e  p r i n c i p a l  a r e a  

where e x i s t i n g  s t r u c t u r e s  a r e  a f f e c t e d .  

1 . 3  Previous s t u d i e s  

Flood magnitudes and frequency f o r  Casandro Wash have been eva l -  

uated by t h e  Corps of  Engineers  (Ref. 2 ) ,  and by t h e  S o i l  Conservation 

Service (Ref. 3 ) .  The Corps r epor t  included de terminat ion  of  inundat ion  

l i m i t s  f o r  50 and 100-year and standard p ro jec t  f loods ,  and introduced 

t h e  concepts of des ignated  floodway and floodway f r i n g e  a s  appl ied  t o  

Wickenburg. It recommended c o n t r o l  of damage by zoning r egu la t ions .  

The S o i l  Conservat ion Service s tudy evaluated c o s t s  and b e n e f i t s  

f o r  two f ldod c o n t r o l  a l t e r n a t i v e s  and found both i n f e a s i b l e  from the  



c o s t f b e n e f i t  r a t i o  s t andpo in t .  The f i r s t  was cons t ruc t ion  of an e a r t h -  

f i l l  dam 40 f t .  high 1500 f t .  upstream from Mariposa Drive. The second 

involved a  l i ned  channel ex tending  about  LOO0 f t .  above Mohave S t . ,  

channel iza t ion  of Mohave S t . ,  and enlargement of the  Santa Fe box c u l -  

v e r t .  Considerat ion was a l s o  g iven  t o  zoning and t o  t h e  f loodproofing 

of  s t r u c t u r e s ,  but  no c o s t s  were worked out  f o r  t hese  approaches. 

Del inea t ion  o f  a  des igna ted  floodway and floodway f r i n g e  was pro- 

vided by t h e  Federa l  Insurance Administrat ion Flood Insurance Study 

(Ref. 4 )  us ing  d ischarge l f requency r e l a t i o n s ,  topography, and water  su r -  

f ace  p r o f i l e s  provided by t h e  Corps o f  Engineers. Boundaries of  the 

floodway and f r i n g e s  i n  Ref. 4 a r e  shown i n  Fig. 13. 

1 .4  Reasons and a u t h o r i t y o r  c u r r e n t  s t u d y  

The f lood limits of Ref. 4  a r e  based on cond i t ions  e x i s t i n g  a t  the  

time of  t h e  f i e l d  s t u d i e s  made between 1961 and 1965. The economic ana- 

ly ses  of Ref. 3 were made us ing  cons t ruc t ion  c o s t s  and Land va lues  cur-  

r e n t  i n  1972. The Flood Insurance Program of t h e  Dept.of Housing and 

Urban Development had not  been formulated a t  t h e  t ime t h e  SCS c o s t /  

b e n e f i t  s t u d i e s  were made and t h e  impact of t h i s  program on r e a l  e s t a t e  

va lues  could n o t  have been taken  i n t o  cons idera t ion .  There i s  a l s o  a  

genera l  b e n e f i t  t o  t h e  e n t i r e  community r e s u l t i n g  from t h e  reduct ion  of 

f lood hazard t h a t  i s  of  d i r e c t  b e n e f i t  only t o  a l i m i t e d  p a r t .  

For these  reasons  t h e  Wickenburg Town Council passed Ord. No. 698 

on Mar. 5, 1979, a u t h o r i z i n g  a p p l i c a t i o n  t o  t h e  Maricopa County Com- 

u n i t y  Development Agency f o r  block g ran t  funds f o r  t h i s  s tudy.  The study 

was i n i t i a t e d  under a  m n t r a c t  awarded by the  Maricopa County Board of 

Supervisors  through i t s  Community Development Agency on June 9,  1980. 



2. Hydrology and de te rmina t ion  of  f lood/frequency r e l a t i o n s h i p s  

and f lood l i m i t s  

2.1 Hydrology 

The method used f o r  t h e  e s t ima t ion  of peak d ischarges  f o r  a  range 

of f requencies  of occurrence  is  t h e  a p p l i c a t i o n  of  a  modif ica t ion  of t h e  

" r a t i o n a l  formula" (Ref. 5) : 

Q = 0.9Ai (Ia-0.20)+0.8Ap(Ia-f c) 

where 

Q = peak runoff  i n  cu. f t .  per  sec.  

Ai= impervious p o r t i o n  of  dra inage  a r e a  i n  a c r e s  

Ia= r a i n f a l l  i n t e n s i t y  i n  inches  per  hour 
(average f o r  t h e  a r e a )  

A = pervious  p o r t i o n  of  t h e  dra inage  a r e a . i n . a c r e s .  P 

fc= i n f i l t r a t i o n  r a t e  of t h e  s o i l  i n  inches per hour. 
( s a t u r a t e d  cond i t ion )  

Appl ica t ion  of  t h i s  method begins  wi th  d e l i n e a t i o n  of subs id i a ry  

watersheds l e s s  than  640 a c r e s  i n  a r e a  (Fig. 4 ) .  Peak runoff i s  computed 

f o r  t h e  uppermost a r e a  by t h e  above formula, then  f o r  t h e  next  a r e a  down- 

stream, then  f o r  t h e  combination of t h e  two, then  f o r  the  t h i r d  a r e a  

downstream then f o r  t h e  combination, and s o  on. Computations f o r  10- 

year  t o  100-year r ecu r rence  i n t e r v a l s  under e x i s t i n g  watershed cond i t ions  

a r e  given i n  Appendix I. Simi lar  c a l c u l a t i o n s  f o r  pro jec ted  land use  

condi t ions  a r e  s e t  f o r t h  i n  Appendix 11. Under th i sme thod ,  when cum- 

mulat ive peaks begin  t o  diminish proceeding downstream, t h e  s e l e c t e d  

des ign  va lues  a r e  a r b i t r a r i l y  kept  a t  t h e  same o r  ad jus ted  upward s l i g h t l y  

as  i n  t h e  r i g h t  hand columns o f  t h e  c a l c u l a t i o n  shee t s .  



Division of a r e a s  i n t o  perv ious  and impervious po r t ions  (Apand Ai) 

a r e  based on land use a s  i n d i c a t e d  by zoning (Fig. 6 ) .  The r a t i o s  used 

f o r  each ca tegory  given i n  Table 2 a r e  based on house counts  and sca led  

measurements of paved a r e a s  i n  Wickenburg. 

I n f i l t r a t i o n  r a t e s  ( f c )  a r e  taken from s o i l s  s t u d i e s  by t h e  S o i l  

Conservation Service.  Values used a r e  presented  i n  Table 1 and Fig. 5. 

References 6 and 7 were u t i l i i e d . i n  t h i s  phase of t h e  s t u d i e s .  

Time of concent ra t ion  i s  used i n  s e l e c t i n g  r a i n f a l l  i n t e n s i t y  

from Fig. 2.  Values were determined from length  of flow path,  obtained 

from Fig. 4, using flow v e l o c i t i e s  of 3 . 6  and 5.6 f t .  per  sec.  f o r  t h e  

por t ions  above and below t h e  Hwy 60 c r o s s i n g  r e spec t ive ly .  These ve lo-  

c i t i e s  were those used by the  SCS i n  Re5 3  and a r e  based on Manning 

formula c a l c u l a t i o n s  f o r  t h e  s lopes  and channel  condi t ions  p reva i l ing .  

R a i n f a l l  i n t e n s i t y  va lues  f o r  g iven  concent ra t ion , , t imes  and r e c u r -  

rence i n t e r v a l s  from Fig. 2 were reduced t o  average va lues  ( I a )  f o r  

l a r g e r  watersheds by use of F ig .  3 .  

Computed concent ra t ion  t imes and peak flows f o r  e x i s t i n g  and p ro j - :L  

ec ted  land use condi t ions  i n  t h e  t r i b u t a r y  watersheds a r e  given i n  Tables 

3  and 4. Design va lues  f o r  t h e  main channel  a r e  given i n  Appendix I 

and Appendix I1 i n  t h e  r i g h t  hand columns. Fig. 8 shows loca t ions  where 

t h e  des ign  flows occur.  

2 .2  Flood l i m i t s  

Using d ischarge  r a t e s  determined i n  t h e  manner descr ibed ,  t h e  next 

s t e p  i s  t o  determine t h e  water  s u r f a c e  e l e v a t i o n s  and l i m i t s  of f looding  

i n  Casandro Wash below Mariposa Drive f o r  t h e  recurrence i n t e r v a l s  



Table 1 : Casandro Wash Drainage Area 
Soil Types and Infiltration Capacities 

Permeability Infiltration 
Soil Rate Rate 

Designation Description Type (In. per hr) (In. per hr) 

A6 Gunsight, Cavelt Complex Gravelly Loam 2.0 to 6.0 1.0 

A7 Ebon, Contine, Cavelt Gravelly Sand 
Loam (Limey) 2.0 to 6.0 1.0 

IE Antho, Carrizo Sandy Loam 2.0 to 6.0 1.0 

JI House Mtn., Lehmans, Rock 
Outcrop Complex Rocky Outcrop 0.6 to 2.0 0.3 

NOTE : Infiltration rates shown reflect sustained capacity as compared 
to the higher rates of soil permeability. Provision is thereby 
made for infiltration of rainfall on the water shed following the 
initial storm. 



Land Use 

Residential - 
Low Density 
(to 5 units 
per acre) 

Residential - 
Medium Density 
(5 to 10 units 

per acre) 

Residential - 
High Density 
(over 10 units 
per acre) 

Commercial 

Industrial 

Table 2 - ~ervious/Impervious Factors for 
Various Land Uses - Design Values 

- 

R1-35 and R1-12 

- 1 ,  RM-2 
and NHP 

PSC, C-1 and C-3 

Percent Percent 
Pervious Impervious 



Table 3 - Flows and Times of  Concentrat ion f o r  T r ibu ta ry  Areas - 
E x i s t i n g  Development 

T o t a l  
Area Area t c Q l o  925 Q5 0 Q l O O  

No. Acres Mins. c f s  c f s  c f s  c f s  

1 283 28 450 586 674 776 

2 62 19 138 173 2 01 229 

3 55 16  136 171 199 225 



Table 4 - Flows and Times of Concentrat ion f o r  T r ibu ta ry  Areas - 
Pro jec t ed  Land Use 

Area 

No. - 

1 

2 

3 

4 

5 

T o t a l  
Area c 
Acres Mins. 

Q l O  

c f s  

510 

160 

163 

361 

- 4 6  

224 

9 0 

155 

251 

925 Q5 0 ~ 1 0 0  

- c f s  c f s  c f s  

645 749 849 

198 230 258 

2 00 231 259 

473 54 1 620 

121 139 155 

278 322 363 

114 133 152 

193 223 251 

309 355 402 



i n v e s t i g a t e d .  For any given r a t e  of flow the  water  depth,  v e l o c i t y ,  and 

width of water  su r face  a r e  a f f e c t e d  by channel c ros s - sec t ion ,  bed s lope ,  

and su r face  roughness. Accurate d a t a  a r e  e s s e n t i a l  f o r  t h e  ca l cu la t ion .  

F i e l d  surveys were made t o  provide des ign  information on channel 

cond i t ions .  Fig.  9  shows the  l o c a t i o n  of  t h e  t r a v e r s e  down fhe  cen te r  

of t h e  e x i s t i n g  wash below Mariposa Drive.  The f i g u r e s  a l s o  shows 

where surveyed c ross - sec t ions  were taken.  The present  alignment of 

Casandro Wash i n  r e l a t i o n  t o  s t r e e t s ,  a l l e y s ,  and l o t  l i n e s  i s  shown i n  

Fig.  10. The t r a v e r s e  was t i e d  t o  t h e  coordina te  gti&l used i n  the  Town's 

contour  mapping p r o j e c t  of 1977. Table 5 g ives  the  con t ro l  survey da ta .  

Water s u r f a c e  p r o f i l e s  were computed us ing  the  Corps of  Engineers 

computer program HEC 2  (Ref. 8 )  f o r  t h e  f o u r  required recurrence  i n t e r -  

v a l s  and f o r  p re sen t  and f u t u r e  c o n d i t i o n s  of development. The channel 

and overbank a r e a s  were ass igned ~ a n n i n g ' s  "n" va lues  of  0.035 and 0.125 

r e s p e c t i v e l y  a s  measures of hydrau l i c  roughness.  The computations a r e  

t o o  voluminous t o  include i n  t h i s  r e p o r t  bu t  summaries a r e  presented i n  

Table 6 and t h e  e l eva t ions ,  p r o f i l e s  and inundat ion l i m i t s  a r e  shown i n  

F ig .  12, 13, 14 and 15. Fig.  13  shows t h e  100-year inundat ion l i m i t s  

computed f o r  t h i s  s tudy i n  r e l a t i o n  t o  those  of t h e  Flood Insurance Rate 

Map (Ref. 4 ) .  E x i s t i n g  houses and l o t s  s u b j e c t  t o  f looding  under the  

c a l c u l a t i o n s  of t h e  present  s tudy a r e  shown i n  Fig. 12. The t a b u l a t i o n  

on t h i s  f i g u r e  g i v e s  the  f l o o r  l e v e l  f o r  each a f f e c t e d  house and t h e  

es t imated  depth of f looding  f o r  t h e  100-year event .  There a r e  34 houses 

t h a t  would be flooded under t h e  p ro jec t ed  100-year event .  Flood depth 

ranges up t o  3 .3  f t .  There a r e  36 vacan t  l o t s  i n  Reed's Addition and 

Casandro Trac t  l y ing  wi th in  t h e  100-year f lood l i m i t .  Over 3500 f t .  of 

Town s t r e e t s  would be flooded i n  t h e  two subdiv is ions .  



Table 5 -Trans i t  Line Coord ina tes  and Cross Sec t ion  S t a t i o n i n g  

I T i e  from T r a n s i t  Line and CL of J e f f e r s o n  S t .  (Po in t  I )  t o  NE Cor. Sec. 11 I 

8 

8 Po in t  I - CL 
J e f f e r s o n  S t .  

B 

B Coordinates  based on c o o r d i n a t e  of N.E. Cor. Sec. 11 (Town of Wickenburg Contour 
Map, by Adam, Hamlyn, Anderson, Consul t ing Engineers (AHA #C-7680), 1977) and 
record bear ing  o f  Mariposa S t .  CL (Casandro T rac t ,  Maricopa County Recorders 
o f f i c e  Book 3 1  of Maps, Page 32) .  

B 

X - Sec 10 .1  

Poin t  J 
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Poin t  K 
AT&SF Culvert  

Po in t  I - , 

N.Line Sec 11 

NE Cor Sec 11 
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31+96.37 

33+48 
N 2 9 ° 3 1 ' 2 0 " ~  

331.60.28 

170.60' 

163.91' 

30+25.77 ---- 
- 
- 

30i-25.77 

7 

110,604.91 

110,626.57 -- 
110,611.94 

ppp 

110,604.91 

90,061.60 

90,036.52 

90,053.88 

90,061.60 

N 49"10'401' W 

N 8 9 ° 2 7 ' 2 0 " ~  

S 6"1l12O"E 

33.13' 

22.70' 

22.00' 
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3 .  A l t e r n a t i v e s  f o r  management 

Cons idera t ion  is  g iven  below t o  t h r e e  a l t e r n a t i v e  approaches t o  a  

s o l u t i o n  of t h e  f lood ing  problem i n  ~ e e d ' s  Addit ion.  These a r e :  

1. Detent ion  and c o n t r o l l e d  r e l e a s e  t o  reduce peak r a t e s  

of  runoff .  

2. An a r t i f i c i a l  waterway wi th  s u f f i c i e n t  capac i ty  t o  handle t h e  

peak 100-year d i scha rge  i n  a manner t h a t  w i l l  not  f lood ad-  

j acen t  p rope r ty .  

3 .  A r e t u r n  t o  t h e  n a t u r a l  s t a t e  f o r  Casandro Wash. 

This s e c t i o n  w i l l  p r e s e n t  d e s c r i p t i o n s  and gene ra l  information.  

Est imates of  c o s t s  and b e n e f i t s  and a  comparison of a l t e r n a t i v e s  fol low 

i n  Sec t ion  4 .  

3 . 1  Detent ion and c o n t r o l l e d  r e l e a s e  

The S o i l  Conservat ion Serv ice  i n  i t s  1974 p lan  f o r  Wickenburg (Ref. 

3 )  considered c o n s t r u c t i o n  of a  40 - f t .  e a r t h f i l l  dam on Casandro Wash 

1500 f e e t  upstream from Mariposa Drive. No d e t a i l s  a r e  given of t h e  

i n s t a l l a t i o n  t h a t  was contemplated, only t h e  o v e r a l l  c o s t s  and the  e s t i -  

mated annual  c o s t s  and b e n e f i t s .  Through t h e  cour t e sy  of t h e  SCS we have 

obtained t h e  breakdowns g iv ing  t h e  q u a n t i t i e s  of work involved and were- 

ab le  t o  re -es t imate  t h e  c o s t  a t  c u r r e n t  p r i c e s  a s  shown i n  Sec. 4. 

The scheme cons idered  by t h e  SCS included c l e a r i n g  t h e  r e s e r v o i r  

s i t e ,  the  dam, a n  emergency sp i l lway,  and a  p r i n c i p a l  sp i l lway  of con- 

c r e t e  pipe j u s t  long enough t o  pass  through t h e  dam. The p r i n c i p a l  s p i l l -  

way terminated i n  a n  impact type s t i l l i n g  bas in  a t  t h e  toe .  No provis ion  

was included f o r  c a r r y i n g  r e l eased  water  below t h e  s t i l l i n g  b a s i n  o u t l e t .  



A s  a n  independent approach t o  the  de ten t ion  a l t e r n a t i v e  a n  inves t -  

i g a t i o n  was made of a  dam on t h e  l i n e  of Mariposa Drive a s  shown i n  Fig. 

26. A dam on t h i s  l o c a t i o n  would have a  secondary func t ion  of providing 

a n  a11  weather  c ross ing  f o r  what i s  p o t e n t i a l l y  a n  a r t e r i a l  s t r e e t ,  which 

could someday be extended ; in to  nor th  Wickenburg. Costs  f o r  t h e  a l t e r -  

na t ive  descr ibed  i n  Fig.  26 a r e  a l s o  est imated i n  Sec. 4. 

3.2 A r t i f i c i a l  waterways 

Two a l t e r n a t i v e  schemes f ~ r c a r r y i n g  the  100-year runoff i n  a r t i f i c i a l  

channels were inves t iga t ed .  The channels  would begin  near  Navajo St.  

s ince  t h e r e  i s  no problem of f looding  of e x i s t i n g  houses above t h i s  

po in t .  The aim i s  t o  provide a n  hydrau l i ca l ly  e f f i c i e n t  channel which 

w i l l  c a r r y  a  d i scha rge  of about  1300 c f s  wi th  a  water  su r face  e l eva t ion  

low enough s o  t h a t  proper ty  i n  t h e  a r e a  w i l l  not  be f looded.  A t h i r d  

scheme, u t i l i z i n g  p ipe ,  would begin a t  Mariposa Drive because of t h e  

d i f f i c u l t y  of  a t t a i n i n g  s u f f i c i e n t  head a t  Navajo S t r e e t .  

3.2.1 Dual purpose waterway 

Jackson and Mohave S t r e e t s  p r e s e n t l y  provide t h e  r o u t e  f o r  Casandro 

Wash d i scha rge  through Reed's Addition. This sugges ts  t h e  a l t e r n a t i v e  of 

providing a s t r e e t  pavement t h a t  can a l s o  serve a s  a  waterway. The f a c t  

t h a t  t h e r e  is  ample f a l l  (average ground slope i s  1.37 p e r c e n t )  i n d i c a t e s  

t h a t  t h e  h y d r a u l i c  c r o s s - s e c t i o n  could be of reasonable  s i z e .  Mohave 

S t r e e t  i s  a l r e a d y  eroded t o  t h e  po in t  where it i s  from 1 t o  3 f t .  below 

ad jacen t  p rope r ty ,  so t h e  amount of excavat ion r equ i red  t o  cons t ruc t  t h e  

improvement would be minimal. Right of way requirements  would a l s o  be 

low s i n c e  t h e  p resen t  s t r e e t s  would provide most of what i s  needed. 



The scheme f o r  a  s t r e e t  improvement t h a t  would a l s o  serve  a s  a 

channel  i s  shown i n  p l an  and i n  t y p i c a l  c ros s - sec t ion  i n  Fig.  16 and i n  

p r o f i l e  i n  Fig. 17. The p l a n  would inc lude  a  combined box c u l v e r t  and 

i n l e t  s t r u c t u r e  a t  Navajo and Jackson S t r e e t s .  This  s t r u c t u r e  would i n -  

c lude  a  ramp t o  permit  t r a f f i c  from Navajo S t .  t o  e n t e r  the  Jackson S t .  

po r t ion  of  t h e  channel.  Ramped en t r ances  would a l s o  be provided a t  

c r o s s  s t r e e t s  as shown i n  F ig .  19.  An a d d i t i o n a l  c u l v e r t  would be r e -  

quired a t  t h e  Santa Fe r a i l r o a d  and a n  ea r then  e x i t  channel would be 

b u i l t  from the  r a i l r o a d  t o  So l s  Wash. 

There a r e  some d isadvantages  t o  t h i s  scheme. The s t r e e t  would not  

be usable  f o r  t r a f f i c  d u r i n g  major runoff periods.  There would s t i l l  be 

s i l t  d e p o s i t s  t o  remove a f t e r  storms. It would be d i f f i c u l t  t o  make t h e  

improvement a n  a t t r a c t i v e  f e a t u r e  wi thout  compromising i t s  hydrau l i c  

e f f ec t iveness .  Extensive wa te r  and sewer r econs t ruc t ion  would be i n -  

volved. I n  a n  a r e a  s u b j e c t  t o  f l a s h  f looding,  i t  would in t roduce  a  

degree of hazard, e s p e c i a l l y  s i n c e  v e l o c i t i e s  could approach 18 f t .  per  

sec.  

3 . 2 . 2  Rectangular l i n e d  channel  

Fig. 20 i l l u s t r a t e s  a n  a l t e r n a t i v e  i n s t a l l a t i o n  i n  which t h e  channel  

would serve  s o l e l y  a s  a  waterway. It would begin a s  a  dua l  box c u l v e r t  

a t  Navajo and Jackson S t r e e t s  curv ing  i n t o  a n  alignment p a r a l l e l  and 

ad jacen t  t o  t h e  a l l e y  between Navajo and Mohave S t r e e t s .  Once around 

t h e  curve t h e  channel would become a  r ec t angu la r  concrete  l i ned  s e c t i o n  

except a t  s t r e e t  and r a i l r o a d  c ross ings  where box c u l v e r t s  would be used. 

North of the  r a i l r o a d  a n  e a r t h e n  channel would make the  connect ion t o  
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Sol s  Wash but  a  conc re t e  l i n e d  t r a n s i t i o n  would be required t o  c o n t r o l  

e ros ion  a t  the  o u t l e t  of  t h e  r a i l r o a d  c u l v e r t .  Open por t ions  of the  

rec tangular  channel  would be fenced. 

The o ld  channel  a long Mohave S t r e e t  would s t i l l  func t ion  a s  a  path 

f o r  l o c a l  drainage bu t  it would be r e l i eved  of t h e  main Casandro Wash 

d ischarge .  The improvement would inc lude  r e s t o r i n g  Nohave and a  po r t ion  

of Jackson St.  t o  o r i g i n a l  grade using m a t e r i a l  excavated from t h e  new 

channel. Mohave, Jackson,  and Navajo S t r e e t s  would then  be paved a s  

shown i n  Fig. 20 i n  o r d e r  t o  s t a b i l i z e  t h e  su r face ,  p r o t e c t  e x i s t i n g  

u t i l i t i e s ,  and provide a  pa th :  f o r  l o c a l  drainage.  The e x i s t i n g  r a i l -  

road c u l v e r t  would cont inue  t o  func t ion  a s  a t  present .  

This a l t e r n a t i v e  invo lves  much l e s s  u t i l i t y  r econs t ruc t ion  than  

t h e  previous scheme. S i l t  d e p o s i t s  l e f t  a f t e r  runoff per iods  would not  

be a  hazard t o  t r a f f i c  and t h e  channel i s  more l i k e l y  t o  be s e l f - c l e a n -  

ing.  Because i t  is l o c a t e d  along t h e  a l l e y  and i s  more compact, t h e  

channel would not  be a n  e s t h e t i c  detr iment  and t h e  a s soc ia t ed  s t r e e t  

paving would improve neighborhood appearance. Access t o  t h e  a rea  

dur ing  runoff pe r iods  by emergency v e h i c l e s  and genera l  t r a f f i c  would 

beunimpaired and, because open por t ions  of t h e  channel would be fenced, 

t h e r e  would be l i t t l e  hazard.  

The primary d isadvantage  of  t h i s  a l t e r n a t i v e  i s  t h e  need t o  acqu i re  

p r i v a t e l y  he ld  land f o r  r i g h t  of way. There i s  one house and s e v e r a l  

garage bu i ld ings  t h a t  w i l l  have t o  be demolished o r  moved. Owners i n  

the  s t r i p  between t h e  channel  and Kohave S t .  w i l l  be cu t  o f f  from access  

t o  the  a l l e y .  The channel  w i l l  be l e s s  r e a d i l y  a c c e s s i b l e  f o r  mainten- 

ance wi th  motorized equipment than  i n  t h e  scheme ou t l ined  i n  Sec. 3.2.1. 



3.2.3 Closed condu i t  

I f  t h e  1310 c f s  des ign  d ischarge  could be c a r r i e d  i n  a  pipe i t  

would be p o s s i b l e  t o  b u i l d  through Reed's Addit ion e n t i r e l y  wi th in  e x i s t -  

ing  s t r e e t  and a l l e y  right-of-way. Fig.  22 shows t h e  alignment.  It i s  

s i m i l a r  t o  t h a t  of F ig .  20, bu t  t h e  use of p ipe  would permit s h o r t e r  

t u r n s  making t h e  encroachment on p r i v a t e  proper ty  a t  t h e  corner  of Jack-  

son S t .  and t h e  a l l e y  between Navajo and Mohave S t r e e t s  unnecessary. The 

po r t ion  i n  t h e  acreage  no r th  of Reed's Addit ion would r equ i re  r igh t -o f -  

way j u s t  a s  t h e  o t h e r  a l t e r n a t i v e s .  The p r o j e c t  would include t h e  pav- 

ing  of Mohave, Jackson, and Navajo S t r e e t s  a s  shown. 

The c losed  condui t  a l t e r n a t i v e  would be e n t i r e l y  s e l f - c l e a n i n g  and 

would have a l l  t h e  advantages of  t h e  r ec t angu la r  channel discussed pre-  

v ious ly .  It would not  i n t e r f e r e  with t h e  use of t h e  a l l e y  by adjacent  

r e s iden t s .  The 4- in .  water  main i n  the  a l l e y  would have t o  be removed 

and r e l a i d  and temporary water  s e rv ice  provided dur ing  cons t ruc t ion .  

Sewer c ross ings  would be handled a s  shown i n  t h e  p r o f i l e ,  Fig. 22 and 24. 

The e n t r y  s t r u c t u r e  a t  Mariposa Drive would need t o  be deeper and 

more massive than  f o r  t h e  channel a l t e r n a t i v e  because of t h e  g r e a t e r  

depth r equ i red  f o r  t h e  pipe.  Fig. 25 i l l u s t r a t e s  t h e  concept. 

3 .3  Return t o  n a t u r a l  cond i t ions  

Obviously t h e r e  would be no f looding  problems i n  ~ e e d ' s  Addition 

i f  t h e  o r i g i n a l  subd iv i s ion  and development of t h e  a r e a  had been done 

wi th  r e s p e c t  f o r  t h e  p o t e n t i a l  of  l a r g e  d i scha rges  t h a t  must have been 

known t o  occur even i n  1910 when the  p l a t  was recorded.  The ques t ion  

now i s  whether it i s  f e a s i b l e  t o  t u r n  the  c lock  back 70 years .  
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There a r e  two ways t o  do t h i s .  The d i r e c t  approach i s  t o  buy the  

p r o p e r t i e s  s u b j e c t  t o  f looding  and demolish t h e  s t r u c t u r e s  on them. The 

land could hhen be r e s o l d  o r  developed f o r  pub l i c  purposes cons i s t en t  with 

uses  permit ted under  t h e  Floodplain Regulat ion (Ref. 1 ) .  The pass ive  ap-  

proach i s  t h e  "no-act ion a l t e r n a t i v e t '  under which p r i v a t e  proper ty  would 

continue i n  i t s  p resen t  non-conforming uses  b u t  would d e t e r i o r a t e  i n  value 

because of t h e  r e s t r i c t i o n s  on maintenance contained i n  the  Floodplain 

Regulation. S t r u c t u r e s  would eventua l ly  be removed by owners o r  demo- 

l i s h e d  a s  nuisances  by t h e  Town. Minimal maintenance would be given t o  

municipal  s t r e e t s  and u t i l i t i e s .  

Purchase and c l e a r i n g  of  t h e  a rea  could be done i n  a  year  o r  two i f  

funds were a v a i l a b l e .  There would be the  immediate i n d i r e c t  b e n e f i t s  t o  

the  Community of t h e  abatement of a  p o t e n t i a l l y  hazardous s i t u a t i o n  and 

some inc rease  i n  t h e  v a l u e s  of ad jo in ing  proper ty ,  depending upon the  

uses  t o  which t h e  c l e a r e d  land i s  put .  There would of  course,  be no 

d i r e c t  b e n e f i t  t o  p rope r ty  i n  t h e  f lood zone. The second approach would 

t ake  many y e a r s ,  t h e  hazard would continue,  a l b e i t  a t  a  gradual ly  dirnin- 

i s h i n g  l e v e l ,  and t h e  d e t e r i o r a t i n g  q u a l i t y  of t h e  a r e a  would tend t o  

p u l l  down v a l u e s  of near-by property.  

Cons idera t ions  such a s  t h i s  a r e  hard t o  e v a l u a t e  i n  monetary terms. 

The e s t i m a t e s  of Sec t ion  4 w i l l  g ive t h e  c o s t s  t h a t  a r e  q u a n t i f i a b l e .  



4 .  Cost e s t ima tes  and comparison of a l t e r n a t i v e s  

I n  t h e  fol lowing pages we p resen t  our  e s t ima tes  of the  cos t  o f  each 

of t h e  a l t e r n a t i v e s  d iscussed  above. Although t h e r e  i s  a  cons iderable  

d i s p a r i t y  i n  t h e  va r ious  approaches we have t r i e d  t o  be  a s  c o n s i s t e n t  

and even-handed a s  poss ib l e .  Unit c o s t s  were developed f i r s t ,  assuming 

t h a t  t h e  work were done under c o n s t r u c t i o n  c o n t r a c t s  awarded by compete- 

t i v e  bidding under c u r r e n t  (Oct 1980) p r i c e  condi t ions .  The Engineering 

News Record Construct ion Cost Index stood a t  3343.94 a t  t h e  time of the  

es t imate .  P r o j e c t  c o s t s  i nc lude  12 percent  60r engineering and i n c i d -  

e n t i a l s .  There i s  a l s o  a n  allowance of 10  percent  f o r  cont ingencies .  

These allowances do not a f f e c t  comparisons but  may tend t o  unde r s t a t e  

b e n e f i t / c o s t  r a t i o s .  

4.1 Unit c o s t  

Unit  p r i c e s  used a s  a p p l i c a b l e  f o r  a l l  p r o j e c t  a l t e r n a t i v e s  a r e  

given i n  Table 7. 

4.2 P ro jec t  c o s t s  

Tables  8 through 11 presen t  e s t ima ted  cons t ruc t ion  c o s t s  of each of 

t h e  fou r  a l t e r n a t i v e  s t r u c t u r a l  measures,  considering only t h a t  work t .  

d i r e c t l y  chargeable t o  f lood c o n t r o l  purposes. I n  each case a d d i t i o n a l  

work i s  necessary,  such a s  provid ing  f o r  l o c a l  dra inage ,  paving s t r e e t s ,  

and doing a  c e r t a i n  amount of u t i l i t y  work. Work of t h i s  na ture  provides 

i t s  own inhe ren t  b e n e f i t ,  i r r e s p e c t i v e  of f lood con t ro l ,  so the  c o s t s  a r e  

shown s e p a r a t e l y  i n  Tables 12 and 13. Costs  of such supplemental work a r e  

not  included i n  computing b e n e f i t / c o s t  r a t i o s .  



Table 7 - Uni t  p r i c e s  f o r  c o s t  e s t i m a t e s  

Sheet 1 of 2 

Item 

Reinforced Concrete - R.R. Culver t  

Reinforced Concrete - I n l e t  S t r u c t u r e  

Reinforced Concrete - 30' Rectangular  Channel 

Reinforced Concrete - S t r e e t  Channel Lining 

Reinforced Concrete - Spil lway apron 

precase Concrete Box Culver t s  - Dbl. lO'x5' 

Reinforced Concrete - 20' Rectangular Channel 

V e r t i c a l  Concrete Cukb 

S t r u c t u r a l  Excavat ion 

Compacted Embankment 

Concrete Valley Gu t t e r  

V e r t i c a l  Curb and Gut te r  

Asphal t ic  Concrete Pavement (2"on6"ABC) 

Sbbgrade P repa ra t ion  

Fabricated s t e e l  i tems 

Gunite Lining 

Earthwork 

8" ACP 

6" VCP 

Sani ta ry  Sewer Manholes 

Relocate 4" Water Line 

Raise E x i s t i n g  Sewer Manhole 

Lower E x i s t i n g  8" Water Line 

Lower E x i s t i n g  4" Water Line 

Flex beam guard r a i l  & p o s t s  

Channel Fencing. (6'  " c h a i n  l i n k )  

96" Class  I11 pipe  

84" Class  V p ipe  - jacked 

84" ~ l i s s  111 pipe  

30" Class  I11 pipe  

Unit 

C.Y. 

C.Y. 

L.F. 

S.F. 

C.Y. 

L.F. 

L.F. 

L.F. 

C.Y. 

C. Y. 

L.F. 

L.F. 

S.Y. 

S.Y. 

Lb. 

S.F. 

C.Y. 

L.F. 

L.F. 

Ea. 

L.F. 

Ea . 
L.F. 

L.F. 

L.F. 

L.F. 

L.F. 

L.F. 

L.F. 

L.F. 

Cost 

$ 400.00 

350.00 

270.00 



Table 7 - Unit prices for cost estimates 
Sheet 2 of 2 

Item 

18" Ductile Iron Pipe 

15" Ductile Iron Pipe 

18" V.C.P. 

8" A.C. Pipe 

8" V.C.P. 

15" V.C.P. 

8" Sewer Crossing 

Armor for 18" Ductile Iron Pipe 

Armor for 8" Water Line 

36" x k" steel pipe - Jacked Casing 

Unit Cost 

L.F. $ 100.00 

L.F.  YO. 00 

L.F. 80.00 

L.E. 18.00 

L.F. 22.00 

L.F. 40.00 

L.S. 3,000.00 

L.F. 50.00 

L.F.  20.00 

L.F. 450.00 



Table 8 - Cost e s t i m a t e  a l t e r n a t e  p l an  I (excluding A.C. Pavement) 

Item Quant i ty  Unit T o t a l  
No. Desc r ip t ion  & Unit Cost Cost 

1. Reinforced Concrete - R a i l -  140 C.Y. $400.00 $56,000 
road c u l v e r t  

2. P recas t  Concrete Box Culver t  42 L.F. 555.00 23,300 

3. Concrete Channel Lining 98,000 S.F. 4.50 441,000 

4. Reinforced Concrete - 
I n l e t  S t r u c t u r e  60 C.Y. 350.00 21,000 

5 .  S t r u c t u r a l  Excavation 8,100 C.Y.  . 4.00 32,400 

6. Compacted Embankment 450 C.Y. 3.00 1,400 

7.  V e r t i c a l  Concrete Curb 3,100 L.F. 4.00 12,400 

8. Earthwork 3,900 C.Y. 3.00 

9. 8" V.C.P. 1,600 L.F. 22.00 

10.  6" V.C.P. 300 L.F. 20.00 

11. S a n i t a r y  Sewer Manholes 3 Ea. 1,200.00 

12. Lower E x i s t i n g  4" Water Line 600 L.F. 5 .00 

Cons t ruc t ion  Cost 

R/W: 

S u b t o t a l  

Engineering & I n c i d e n t a l s  @ 12% 

S u b t o t a l  

Contingency Allowance @ 10% 

GRAND TOTAL 



Table 9 - Cost e s t ima te  a l t e r n a t e  p lan  I1 (exlcuding A . C .  Pavement) 

Item Quantity Unit  T o t a l  
No. Desc r ip t ion  & Unit Cost Cost 

1. Reinforced Concrete - 240 C.Y.  $400.00 $96,000 
Railroad Culver t  

Precas t  Concrete Box Culvert  
(Double 101x5 ' )  461 L.F. 

30'  Rectangular Channel 665 L.F. 

20' Rectangular Channel 422 L.F. 

S t r u c t u r a l  Excavat ion 11,000 C.Y. 

Compacted Embanlanent 1,000 C.Y.  

Reinforced Concrete - 
I n l e t  S t r u c t u r e  60 C.Y. 

Channel Fencing 2,200 L.F. 

Earthwork 7,300 C.Y. 

Gunite Channel 15,000 S.F. 

Lower E x i s t i n g  4" Water Line 400 L.F. 

Cons t ruc t ion  Cost 

R/W: 

Sub to ta l  

Engineering & I n c i d e n t a l s  @ 12% 

Sub to ta l  

Contingency Allowance @ 10% 

GRAND TOTAL 



Table 10 - Cost e s t ima te  a l t e r n a t e  p lan  I11 (excluding A . C .  Pavement) 

I t e m  Quanti ty Unit To ta l  
No. Descr ip t ion  & Unit Cost Cost 

1. 96" - Class  111 Pipe 2,500 L.F. $210. 00 $525,000 

2. 84" - Class I11 Pipe 1,300 L.F. 200.00 260,000 

3.  84" - Class  V P ipe  - Jacked 160 L.F. 600.00 96,000 

4. 18" V.C.P. 

5. 18" D u c t i l e  I r o n  Pipe 

6. 15" V.C.P. 

7. 15" Duc t i l e  I ron  Pipe 

280 L.F. 

180 L.F. 

230 L.F. 

135 L.F. 

8 .  36" x k" s t e e l  Pipe - Jacked 
Casing 60 L.F. 450.00 27,000 

9. Armor - 18" D u c t i l e  I r o n  Pipe 180 L.F. 50.00 9,000 

10. Reinforced Concrete - 
I n l e t  S t r u c t u r e  90 C.Y. 350.00 31,500 

11. 8" Sewer Crossing 1 Job L.S. 3,000 

12. San i t a ry  Sewer Manholes 3 Ea. 1,200.00 3,600 

13. Compacted F i l l  1 ,000 C.Y. 3.00 3,000 

14. Earthwork 3,500 C.Y.  

15. Gunite Channel 20,000 S.F. 

16. Relocate 4" Water Line 700 L.F. 

17 Armor 8" Water Line 100 L.F. 

Cons t ruc t ion  Cost 

R/W: 

Sub to ta l  

Engineering & I n c i d e n t a l s  @ 12% 

Sub to ta l  

Contingency Allowance @ 10% 

GRAND TOTAL 



Table 11 - Cost estimate alternate Plan IV - Dam at Mariposa St, 

Item Quantity Unit Total 
No. Description & Unit Cost Cost 

1. Earthwork 44,474 C.Y. 3.00 133,422 

2. Reinforced Concrete Structures 245 C.Y. 350.00 85,750 

Reinforced Concrete Apron 

Precast deck slab (15") 

48" Spi.1lway riser 

Trash rack & platform 

36" x 36" Slide gate 

30" 1750D DRG Conc. Pipe 

Jacking casing at railroad 

Concrete cradle for 30" pipe 

Replace 8" water line 

Construction Cost 

R/W: for dam & flowage 
R/W: for 30" pipe 

Subtotal 

468 C.Y. 

4,500 S.F. 

30 L.F. 

3,000 Lb. 

1 Ea. 

3,510 L.F. 

60 L.F. 

30 C.Y. 

700 L.F. 

Engineering & Incidentals @ 12% 

Subtotal 

Contingency Allowance @ 10% 

GRAND TOTAL 



Note t o  Table 11 

It is  a n t i c i p a t e d  t h a t  right-of-way c o s t s  a r e  l i m i t e d  t o  purchase 

of the  house and l o t  a t  245 North Mariposa Drive, small  po r t ions  of  

vacant land a b u t t i n g  Mariposa Drive needed f o r  t h e  dam, and t h a t  p a r t  of 

the  r e s e r v o i r  s i t e  needed f o r  borrow m a t e r i a l .  The remainder of t h e  

r e s e r v o i r  a r e a  would be covered by the  a c q u i s i t i o n  of flowage easements. 

It should be k e p t  i n  mind t h a t  much of the  proposed b a s i n  i s  a l r e a d y  

w i t h i n  t h e  100-year floodway a s  de l inea ted  i n  Ref. 4.  The c o s t  of flow- 

age easements f o r  t h i s  p o ~ t i o n  should r e f l e c t  only t h e  incremental  de-  

p r i v a t i o n  t o  t h e  owners r e s u l t i n g  from the  increased  depth and increased  

frequency of minor f looding  r e s u l t i n g  from the  cons t ruc t ion  of  t h e  dam. 



Table 12 - A . C .  Pavement f o r  A l t e rna te  p lan  I 

Item Quanti ty Unit Tota l  
No. Desc r i  p t i o n  & U n i t  Cost Cost 

1. Aspha l t i c  Concrete Pvmt. 2,800 S.Y. 6.00 16,800 
(2" on 6" ABC) 

2. Subgrade P repa ra t ion  2,800 S.Y. 2.00 5,600 

3.  Compac t e d  Embankment 750 C.Y.  3.00 2,300 

Cons t ruc t ion  Cost 2 24,700 

Engineering & I n c i d e n t a l s  @ 12% 3,000 

Sub to ta l  

Contingency Allowance @ 10% 

GRAND TOTAL 



Table 13 - Cost e s t ima te  A . C .  Pavement f o r  A l t e rna te  Plans 11, I11 & I V  

Item Quanti ty Unit To ta l  
No. & Unit Cost Cost 

1. Asphal t ic  Concrete 
(2" on 6" ABC) 

8 ,800 S.Y. 6.00 52,800 

2. V e r t i c a l  Curb and Gut te r  2,150 L.F. 5.00 10,800 

3.  Concrete Val ley  Gut te r  312 L.F. 4.00 1,200 

4. Cut-off w a l l  4 C.Y.  350.00 1,400 

5 .  Subgrade P repa ra t ion  9,300 S.Y. 2.00 18,600 

6. Compacted Embankment 2,000 C.Y. 3 .00 6,000 

7.  Raise E x i s t i n g  Manholes 3 Ea. 400.00 1,200 

Sub to ta l  92,000 

Engineering & I n c i d e n t a l s  @ 12% 

S u b t o t a l  

Contingency Allowance @ 10% 

GRAND TOTAL $113,300 

Addi t ional  paving over dam on Mariposa D r .  ( ~ l t .  IV) 

1. Aspha l t i c  Concrete (2"on6"ABC) 2,844 S.Y. 6 . 0 0  

2. V e r t i c a l  Curb and Gut te r  1,600 L.F. 5 .00  

3. G u a r d R a i l  1,500 L.F. 15.00 

S u b t o t a l  

Engineering & I n c i d e n t a l s  @ 12% 

S u b t o t a l  

Contingency allowance @ 10% 

GRAND TOTAL 



Operat ing and maintenance c o s t s  f o r  t h e  f o u r  a l t e r n a t i v e  s t r u c t u r a l  

measures a r e  e s t ima ted  a s  shown i n  Table 14. These c o s t s  includeiolily 

those amounts d i r e c t l y  r e l a t e d  t o  f lood c o n t r o l .  Maintenance of s t r e e t s ,  

a s  s t r e e t s ,  should not  be charged a g a i n s t  t h e  f lood c o n t r o l  funct ion .  

Costs  of t h e  two non-s t ruc tu ra l  a l t e r n a t i v e s  a r e  shown a s  negat ive  

b e n e f i t s  i n  Table 15. 

4 . 3  Benef i t s  

Bene f i t s  a r e  by na ture  more d i f f i c u l t  t o  e v a l u t a t e  than  c o s t s  s ince  

some a s p e c t s  of b e n e f i t  have a  s u b j e c t i v e  o r  i n t a n g i b l e  q u a l i t y .  Bene- 

f i t s  a r e  a l s o  more widely d i s t r i b u t e d .  There a r e  d i r e c t  b e n e f i t s  t o  t h e  

proper ty  owner r e l i eved  of f l c o d  hazard. There a r e  gene ra l  b e n e f i t s  t o  

t h e  canmunity a r i s i n g  from lower maintenance c o s t s  f o r  s t r e e t s  and u t i l i -  

t i e s  and h i g h e r  assessed  v a l u a t i o n s .  There a r e  i n d i r e c t  b e n e f i t s  t o  

ad jacen t  p rope r ty  from t h e  improved appearance and gene ra l  amenity of  

t h e  a r e a .  Even t h e  owner of remote upstream p rope r ty  whose extens ive  

parking a r e a  paving has increased the  hazard t o  t h e  Reed's Addit ion 

r e s i d e n t  b e n e f i t s ,  whether he r e a l i z e s  i t  o r  no t ,  because t h e  adverse 

e f f e c t s  o f  h i s  pavements on t h e  s e v e r i t y  of t h e  f looding  have been m i t i -  

ga ted  and h i s  p o t e n t i a l  l i a b i l i t y  diminished. 

We have not  t r i e d  t o  eva lua te  khe more d i f f u s e  and i n t a n g i b l e  bene- 

f i t s .  Those t h a t  could be quan t i f i ed  a r e  l i s t e d  f o r  each p r o j e c t  i n  

Table 15. Pub l i c  and p r i v a t e  b e n e f i t s  have not  been d i f f e r e n t i a t e d  i n  

adding up t h e  t o t a l s .  The r a t i o n a l  b a s i s  f o r  computing b e n e f i t s  i s  

given i n  t h e  t a b l e  o r  t h e  footnotes  t h e r e t o .  



Table 14 - Estimated ope ra t ing  and maintenance c o s t s .  

Unit  Tota l  
S t r u c t u r a l  Annual Annual T o t a l  f o r  
A l t e r n a t i v e  Descr ip t ion  Maint.  Cost Maint.  Cost A l t e r n a t e  

I 1750' S t r ee t l channe l  $0.50 $875 
630' Ear th  channel 1.00 630 

42'  2-10' x 5 '  c u l v e r t  100 
53 '  10 x 8 '  c u l v e r t  100 $1,705 

422' 2 0 ' ,  r e c t .  channel 
655' 30' r e c t .  channel 
165' 40'-60'  gunited channel 
550'  e a r t h  channel 
461' 2 - 10 '  x 5 '  c u l v e r t  

60' 3 - 10 '  x 5 '  c u l v e r t  

2462' 96" pipe 0.10 
730' 2 - 84" pipe 0.20 
200' 30'  - 60' gunited channel 0 . 5  0 
510' e a r t h  channel 1.00 

35 '  high x 750' e a r t h  dam 
18 ac .  de t en t ion  bas in  20.00 360 

3390' 30" o u t l e t  pipe 0.20 678 1,038 



Table  15- Est imate  of  d i r e c t  b e n e f i t s  f o r  va r ious  p r o j e c t  a l t e r n a t i v e e  - 

(1)  (2)  (3 )  (4 )  (5 )  ( 6 )  
Tota l  

Flood Maine. Appreci- P r o f i t  Equiv. 
Damage C08t a t i o n  i n  Proper ty  on U t i l .  Annual 
Reduction Reduction Prop. Val. Taxes Revenue Benef i t  

STRUCTURAL ALTERNATIVES 

1. P r o j e c t s  a f f e c t i n g  area below Avispa S t r e e t  

a. Community b e n e f i t  
2)  Continuing annual ly  $830. 
3)  Inc reas ing  annua l ly  t o  maximum $7,700 

b. P r i v a t e  b e n e f i t  
1 )  A t  time of improvement $481.045 
2)  Continuing annual ly  $8,300 

T o t a l  equ iva len t  annual  va lue  $8,300 $830. $ 41,938 $3,313 

2. P r o j e c t s  e f f e c t i n g  a r e a  below Mariposa S t r e e t  

a. Community b e n e f i t  
1 )  At t ime of  improvement $ 69,000 
2)  Continuing annual ly  $830. 

I 3) Inc reas ing  annua l ly  t o  maximum $17,150 
w b .  P r i v a t e  b e n e f i t  
f 1 )  At time of improvement $567,055 

2)  Continuing annua l ly  $8,300 

T o t a l  equ iva len t  annual  va lue  $8,300 $830. $ 55,451 $7.380 

3. Purchase of floodwsy below Avispa S t r e e t  

a.  Community b e n e f i t  
I )  A t  time of improvement 
2) Continuing annual ly  

b. P r i v a t e  b e n e f i t  - none 

T o t a l  equ iva len t  annual  va lue  

4. A t t r i t i o n  (no a c t i o n )  

a .  Cornunity b e n e f i t  
2 )  Cantinuinn s n n u a l l v  - 
3)  Inc reas ing  annua l ly  t o  maximun 

b.  P r i v a t e  b e n e f i t  
2)  Continuing annual ly  

T o t a l  equ iva len t  annual  va lue  

NON-STRUCTURAL ALTERNATIVES 



Notes t o  Table 15 

1. P r i n c i p l e s  of b e n e f i t  a n a l y s i s  a s  appl ied  he re in :  

a .  Benef i t s  a r e :  

1 )  D i rec t  

2 )  I n d i r e c t  (not  evaluated o r  included i n  Table 15) 

b. Bene f i t s  accrue :  

1 )  To t h e  community ("a" headings i n  Table 15) 

2 )  To proper ty  owners i n  the  f lood a r e a  ("b" headings) 

3 )  To d i f f e r e n t  a r e a s ,  depending on l o c a t i o n  of p r o j e c t  
("J": below Avispa St .  i . e .  Reed's Addn. and "2" below 

Mariposa D r .  i . e .  Reed's Addn. and Casandro Trac t )  

c .  Bene f i t s  occur:  

1 )  Once only a t  t h e  time improvement i s  completed 
("1)" heading i n  Table 15) .  

2)  Annually t h e r e a f t e r  a t  a  f ixed  va lue  ("2)" headings) .  

3 )  Annually t h e r e a f t e r  i n  uniformly changing amounts t rend-  
ing  t o  the  maximum annual va lue  shown i n  ("3)" headings) .  

d.  Benef i t s  inc lude:  

1 )  Reduction i n  flood damage (Col. 1 ) .  

2 )  Reduction i n  maintenance c o s t s  (Co1.2) 

3 )  Appreciat ion i n  va lues  f o r  p u b l i c l y  and p r i v a t e l y  he ld  
r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  proper ty  (Col. 3 ) .  

4 )  Increase  i n  proper ty  t a x  revenue r e s u l t i n g  from 
p r o j e c t  (Col. 4 ) .  

5 )  A po r t ion  of the  increase  i n  pub l i c  u t i l i t y  revenue 
r e s u l t i n g  from t h e  p r o j e c t  (Col. 5) .  

e .  Negative b e n e f i t s  a r e  t r e a t e d  a s  c o s t s  and a r e  shown i n  

parentheses  i n  Table 15. 

2 .  Tota l  equiva lent  annual va lues  of  one-time b e n e f i t s  accru ing  a t  the  

cbmpletion of the  p r o j e c t  a r e  computed by a  f a c t o r  of 0.08718 which 

i s  the  annual  l e v e l  p r i n c i p a l  and i n t e r e s t  equiva lent  f o r  t h e  lump 

sum b e n e f i t  computed a t  6% i n t e r e s t  f o r  a  20-year amor t iza t ion  

per iod .  



3. T o t a l  equiva lent  annual va lues  f o r  b e n e f i t s  which inc rease  i n  uni-  

form annual  increments t o  the  maximum va lue  shown i n  Table 15 a r e  com- 

puted by use of t h e  f a c t o r  0.4303 app l i ed  t o  t h e  maximum annual va lue ,  

which i s  t h e  sum of  the  present  worths of each of  t h e  annual  amounts 

computed a t  6% i n t e r e s t  over  20 yea r s .  

4 .  Reduction i n  f lood damage (Col. 1) and r educ t ion  i n  maintenance 

c o s t s  (Col. 2)  were computed us ing  a  value obtained by t h e  S o i l  Con- 

s e r v a t i o n  Serv ice  (Ref. 3 ,  p. 20) ad jus t ed  a s  fo l lows:  

Annual va lue  given = $4,400. 

Say $4,000. of  t h i s  i s  f o r  p r i v a t e  f lood damage. 
$ 400. i s  f o r  r e p a i r  t o  s t r e e t s  and u t i l i t i e s .  

Adjust t o  c u r r e n t  d o l l a r  va lues  

CPI* 4/71 (when e s t ima tes  were made) = 120.2 
8 /80  = 249.4 

Percent change = 207 

$4,000 x 207% = $8,300 
$ 400 x 207% = $ 830 

* Consumer p r i c e  index 

5. Apprec ia t ion  i n  proper ty  va lues  i s  computed by summing the  d i f f e r -  

ences between the  est imated present  va lue  and es t imated  va lue  with the  

p r o j e c t  f o r  84 p a r c e l s  l y ing  wholly o r  s u b s t a n t i a l l y  i n s i d e  t h e  100-year 

inundat ion  l i m i t s  of Casandro Wash as shown i n  Ref. 4. P resen t  va lue  of 

t h e  t y p i c a l  50 x 140 f t .  l o t  i s  assumed t o  be $2,000. P resen t  va lue  of  

improvements i s  assumed t o  be 3 t imes the  Maricopa County Assesso r ' s  

" f u l l  cash value" (See App. iV).. Value with t h e  p r o j e c t  i s  computed 

by i n c r e a s i n g  land va lues  t o  $8,000. f o r  t h e  t y p i c a l  l o t  and r a i s i n g  

improvement va lue  by 5%. Some a r b i t r a r y  adjustments  have been made f o r  

t h e  sake of reasonableness.  

6.  Negative b e n e f i t s  a r e  shown i n  parentheses .  These r ep resen t  t h e  

c o s t  of  t h e  non- s t ruc tu ra l  a l t e r n a t i v e s .  



We do not  c o n s i d e r  t h a t  any d i r e c t  b e n e f i t  w i l l  r e s u l t  i f  e i t h e r  

of t h e  two n o n - s t r u c t u r a l  a l t e r n a t i v e s  a r e  s e l e c t e d .  There would of 

course,  be a  b e n e f i t  i n  t h a t  t h e  f lood c o n t r o l  problem w i l l  have been 

"solved" and no f u r t h e r  damage w i l l  r e s u l t ,  however, t h i s  b e n e f i t  a p p l i e s  

so gene ra l ly  t h a t  i t  f a l l s  i n t o  t h e  i n d i r e c t  ca tegory  which we have not  

t r i e d  t o  eva lua te  i n  any case.  

4.4 Comparison of  a l t e r n a t i v e s  

Table 16 l i s t s  the a l t e r n a t i v e s  considered and compares them on t h e  

b a s i s  of b e n e f i t / c o s t  r a t i o s  cons ider ing  on ly  d i r e c t  b e n e f i t s  t h a t  a r e  

q u a n t i f i a b l e  i n  monetary terms. A l t e r n a t i v e  I V ,  t h e  dam on Mariposa 

Drive, has  t h e  most favorable  r a t i o .  

I n d i r e c t  b e n e f i t s  have been discussed previous ly  f o r  each of t h e  

a l t e r n a t i v e s .  Since they  apply p r imar i ly  t o  t h e  canmunity a s  a  whole, 

they  a r e  not  a f f e c t e d  ve ry  much by the  a l t e r n a t i v e  se l ec t ed ,  except t h a t  

A l t e r n a t i v e  I V  provides  a n  i n c i d e n t a l  b e n e f i t  i n  t h e  a l l -weather  c ross ing  

of Casandro Wash on Mariposa Drive. 

Some exp lana t ion  is  i n  order  t o  account f o r  t h e  f a c t  t h a t  we have 

shown a  f zvorab le  b e n e f i t l c o s t  r a t i o  f o r  some a l t e r n a t i v e s  whereas t h e  

S o i l  Conservat ion Serv ice  could not  do so i n  1972 (Ref. 3 ) .  The d i f f e r -  

ence l i e s  p r i m a r i l y  i n  the  c r e d i t  given t o  t h e  f a c t o r  of apprec ia t ion .  

This  i s  not  c r e d i t e d  under SCS methodology, presumably because it  i s  a  

nebulous s o r t  of  concept and because l eav ing  i t  o u t  l eans  toward f i s c a l  
- 

conservat ism. Another f a c t o r  i s  t h e  c r e d i t  g iven  t o  t h e  increased  t a x  

and pub l i c  u t i l i t y  revenue t h a t  becomes p o s s i b l e  i f  t h e  a rea  i s  f reed  f o r  

development. We have shown a s  a  b e n e f i t ,  50 percent  of t h e  t y p i c a l  per 

house wa te r ,  sewer, and e l e c t r i c a l  b i l l i n g s  (pub l i c ly  owned u t i l i t i e s  i n  



Table 16 - ~ e n e f i t l c o s t  r a t i o  comparison of a l t e r n a t i v e s  

See Annual E s t .  O f d l  T o t a l  Annual Bene f i t /  
A l t .  F ig .  I n s t a l l e d  Equiv. @ Cost Annual B e n e f i t  Cost 
No. Desc r ip t i on  No. Cost 6% 50-Yrs (Table 14)  Cost (Table 1 5 )  Rat io  

I Paved ~ t r e e t l c h a n n e l  16 $ 819,300 $51,976 $1,705 $53,681 $57,107 1.06 

I1 Rectangular  channel  20 1,149,900 72,950 1 ,031  73,981 57,107 0.77 

111 Pipe d r a i n !  22 1,389,700 88,163 762 88,925 78,038 0.88 

I V  Dam and o u t l e t  2 6 975,250 61,870 1,038 62,909 78,038 1 .24  

V Purchase floodway 145,768 0 * 0 

V I  A t t r i t i o n  (no a c t i o n )  132,623 0 * 0 

* Benef i t s  a r e  i n d i r e c t  



wickenburg) inc reas ing  from zero  i n  s t r a i g h t  l i n e  fash ion  over 20 yea r s  

a s  t h e  p r e s e n t l y  vacant  l o t s  a r e  b u i l t  upon. No c r e d i t  was t aken  f o r  

gas o r  te lephone s e r v i c e  expansion. Conversely, we have taken t h e  l o s s  

of e x i s t i n g  t a x  and u t i l i t y  revenue a s  a  negat ive  b e n e f i t ,  o r  c o s t ,  of  

a l t e r n a t i v e s  V and V I .  We do not  b e l i e v e  t h a t  these  were included i n  the  

SCS ana lys i s .  

We cons ider  t h a t  i nc lud ing  a p p r e c i a t i o n  i n  t h e  a n a l y s i s  i s  approp- 

r i a t e ,  provided t h e  v a l u e s  used a r e  reasonable.  Appreciat ion,  a s  i n d i c -  

a t ed  by increased  p r o d u c t i v i t y  of t h e  land,  i s  r e a l l y  t h e  p r i n c i p a l  

reason f o r  t h e  f e a s i b i l i t y  o f  the ,  g r e a t  n a t i o n a l  water  p r o j e c t s  t h a t  

brought a g r i c u l t u r e  t o  much of t h e  wes t .  We be l i eve  t h a t  t h e  v a l u e s  we 

have used a r e  reasonable .  A town l o t  wi th  r e s i d e n t i a l  zoning t h a t  c a n ' t  

be b u i l t  on because of f looding  i s  r e a l l y  worth very l i t t l e .  We have used 

$2,000 because two such l o t s  were r e c e n t l y  so ld  f o r  t h a t  p r i c e  t o  a n  ad-  

jacent  landowner (whose house i s  on high ground). Lots i n  t h e  same a r e a ,  

of the  same s i z e ,  bu t  above t h e  f lood l e v e l  have so ld  f o r  over  $8,000. We 

have assumed t h a t  removing t h e  t h r e a t  of f looding  w i l l  i nc rease  t h e  va lue  

of vacant  l o t s  i n  t h e  a r e a  by t h e  r a t i o  indica ted .  S imi lar  reasoning  leads  

us  t o  conclude t h a t ,  a p a r t  from t h e  land ,  a  house on high ground i s  worth 

5% more than t h e  same house i n  t h e  f lood zone. 

5. ~ecommendation 

From t h e  engineer ing  and economic s t u d i e s  summarized h e r e i n ,  we r e -  

commend t h e  adopt ion  of  A l t e r n a t e  I V ,  t h e  Mariposa Drive dam and de ten -  

t i o n  bas in ,  wi th  a p p r o p r i a t e  sp i l lways ,  a s  t h e  b e s t  s o l u t i o n  t o  f looding  

problems i n  Casandro Trac t  and Reed's and Col l ins  Additions. The appur-  

tenant  s t r e e t  paving, l o c a l  Grainage, and u t i l i t y  work should be under- 

taken concur ren t ly  bu t  t h e  c o s t s  of  such work should not be assessed  

aga ins t  t h e  f lood c o n t r o l  funct ion .  

-39- 



EXISTING DEVEWPHENT 

EXPECTED PLOWS 10 Year Rainfall lnrensify and duration unless  noted 



EXISTMO DEVELOPMENT 

EXPECTED FWWS 25 Yesr b i n f a l l  inLena i ry  end duration unlesa  noted 





E X I S T I N G  DEVELOPMENP 
EXPECTED FLOWS I O O Y e a r  R a i n f a l l  lntenalrv and durat ion  u n l e s s  noted  1 



PROJECTED LAND USE 1 
I .  Zoned Areas Developed I 
2 .  Floodway cons idered sa Pervioua Area ( P r e s e n t l y  

EXPECTED FLOWS 10 Year R a i n f a l l  i n t e n s i t y  and durat ion u n l e s s  noted Undeveloped).  
3 .  Tributery Area t, decreased t o  r e f l e c t  f u t u r e  





I I PROJECTED LAm USE 
1. Zoned Areas ~ e u e l o ~ e d  I 





AREA DESCRIPTION Casandro Wash - Wickenburg n = 0.011 Big Concrete Culverts  
n = 0.012 Pipe Culver t s  21" & Larger 

Concrete Lined Channel i n  Jackson and Mohave S t r e e t s  n = 0.014 Concrete Lined Channels 
n = 0.015 S t r e e t  Paving 

e Plan I n = 0.020 Ear th  - Best 
n = 0.0225 Corr. Culver t s  
n = 0.030 Ear th  - Brushy - Poor 
n = 0.050 Rocky Streams 

G 
H 
H 

w a n t .  
c . f . s .  

Q 

I -- 
+J 

l?.XS1 

1 
l$+S t 

0 4 8  1 Wafer depth = 2.4'  .014 10.0 15.8 1307 
I I I I I I 

I 
CONCRETE LINED - 
STREET SECTION 

1 

- ? @ 3 3 t j  Water d e ~ t h  = 2.6 '  

p =Wet 
Per  

r = A 
P 

Area 
Sq.Ft. 

A 

- 
H 

T r i p l e  Bar re l  lO'x5'  Box Culvert .  w.d. = 3.9 f t .  

Vel. 
Ft . /Sec 

V 

STA. OR 
LOCATION 

I I 

.014 

23$i28tc 

Yost and Gardner Engineers 

Rough- 
ness  

n 
WATERWAY DESCRIPTION 

LO14 

I 

Slope 
Ft.Per 

1000 

17.5 

U f e r  depth = 2.4'  

26+58 t 
33+11 Water depth = 2.4 '  

25.0 

1 

.014 

.014 

I 
20.7 

, 10.5 

10.5 

21.8 

1379 

457 x 3 = 1371 

I 

15.9 1394 

1 6 . 1  1369 



AREA DESCRIPTION Casandro Wash - Wickenburg n = 0.011 Big Concrete Culverts  
n = 0.012 Pipe Culver t s  21" & Larger 

Concrete Lined Channel i n  Jackson and Mohave S t r e e t s  n = 0.014 Concrete Lined Channels 
n = 0.015 S t r e e t  Paving 

Al t e rna te  Plan I (Cont.) n = 0.020 Ear th  - Best 
n = 0.0225 Corr. Culver t s  
n = 0.030 . E a r t h  - Brushy - Poor 
n = 0.050 Rocky ~ G e a r n s  
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AREA DESCRIPTION Casandro Wash - Wickenburg n = 0.011 Big Concrete Culver t s  
n = 0.012 Pipe Cu lve r t s  21" & Larger 

Lined Channel between Navajo and Mohave S t r e e t s  n = 0.014 Concrete Lined Channels 
n = 0.015 S t r e e t  Paving 

from Jackson St .  t o  Sols  Wash.- A l t e rna te  Plan I1 n = 0.020 Ear th  - Best 
n = 0.0225 Corr. Cu lve r t s  
n = 0.030 Ear th  - Brushy - Poor 
n = 0.050 Rocky Streams 
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Rat io  of Assessed Value t o  Market Value 

Current  
House Market How Assessed 
Location - Value Determined Land & Bldgs. .- Ratio 

#428 Adams $30,000 $8759 Bldgs. 
Lots 1 & 2 Blk. 5 (26,000) Sale 16000 Land 

34% 

505-31-059 

8406 Kadison 33,700 Sale 8283 Bldg. 
Lot 7, Blk. 5 (31,700) 8000 Land 26% 

8381 Jackson 21,000 Owner 10242 Imp. 
Lot 3 ,  Blk. 5 (19,000) 8000 Land 54% 
505-31-173 

8336 Jackson 45,000 Real tor  10315 Imp. 
505-31-139 (37,000) 8000 Land 28% 

Lot 9, Blk. 13 28,000 Sale 1183 Bldg. 
505-31-167 (20,000) 8000 Land 6% 

Lot 18 & N17" 49,000 Owner 17576 Imp. 
Block 11 (37,000) ask ing  12000 Land 48% 
505-31-1418 ( P t .  17)  
505-31-142 (18)  

Ave. 32.67% 

Procedure 

Est imate land @ $2,00O/lot i n  floodway 
8,00O/lot out  of floodway 

Improvements 3 x assessed  va lue  i n  floodway 
3 x + 5% out  of floodway 

Adjust  on sq .  f t .  b a s i s  f o r  reasonableness 

APPENDIX I V  - 1 




