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I 1.0 INTRODUCTION 

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

I undeveloped 322 square m i l e  bas in  t h a t  d ra ins  t o  McMicken Dam and the  
McMicken Dam O u t l e t  Channel. It i s  one o f  a number o f  basin-wide 

I 
master drainage s tud ies  t h a t  a re  being c a r r i e d  o u t  b y  t h e  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 l a n  f o r  f u t u r e  development 

and stormwater management. 

L This s tudy inc ludes  t h e  development o f  a r a i n f a l l - r u n o f f  model f o r  the  

e n t i r e  322 square m i l e  s tudy area us ing  t h e  Corps o f  Engineers HEC-1 

1 computer program. The area was d i v ided  i n t o  over 200 subbasins i n  

o rder  t o  d e r i v e  f l o o d  hydrographs f o r  a se r ies  o f  l oca t i ons  throughout 

S 
the  basin. The r e s u l t i n g  100-year peak discharges were used t o  

de l i nea te  f l o o d p l a i n s  f o r  approximately 90 stream mi les  i n  areas t h a t  
are considered prone f o r  development. 

I 
The r e s u l t s  o f  t h e  Wittmann Area Drainage Master Study are  publ ished as 

L two separate repor ts .  This  repor t ,  P a r t  A: Hydrology and Hydraul ics, 

summarizes the  r e s u l t s  o f  t h e  hydrology s tudy  and exp la ins  t h e  methods 

I and assumptions used i n  developing t h e  hydro log ic  model. I n  addi t ion,  

t h e  bas ic  assumptions and methodology used t o  de f i ne  t h e  f l oodp la ins  

I 
and floodways a r e  covered i n  t h i s  repor t .  

- 
The second repo r t ,  Pa r t  B: Stormwater Management Plans, addresses 

I 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 i n  the  

s tudy  area. Inc luded a r e  so lu t i ons  f o r  each i d e n t i f i e d  drainage 

I problem along w i t h  cos t  estimates. 





1.1 Scope o f  Work 

Data Search 

The f i r s t  task  was t o  assemble a v a i l a b l e  in fo rmat ion  and data t h a t  

per ta ined t o  the  s tudy  area. Various agencies were invo lved i n  

the  process o f  determin ing e x i s t i n g  f l ood ing  problems and 

p rov id ing  in fo rmat ion .  A l i s t  o f  these agencies are  as fo l lows:  

Flood Contro l  D i s t r i c t  o f  Maricopa County (FCDMC) 

Maricopa County Highway Department (MCHD) 

Maricopa County Planning Department (MCPD) 

Un i ted  States Bureau o f  Reclamation (USER) 

Arizona Department o f  Transpor ta t ion  (ADOT) 

Arizona Department o f  Water Resources (ADWR) 

Atchison, Topeka & Santa Fe Railway (AT&SF) 

Maricopa Water D i s t r i c t  (MWD) 

U.S. Army Corps o f  Engineers (COE) 

Federal Emergency Management Agency (FEMA) 

Studies, plans, and o the r  background in fo rmat ion  are l i s t e d  i n  the 

References sec t i on  a t  t h e  end o f  t h i s  repo r t .  

Topographic Mappinp 

The f o l l o w i n g  d e t a i l e d  topographic mapping was prepared as p a r t  o f  

t h i s  study. 
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A. Morr is town Highway 

Coverage: Community o f  Morr istown t o  the  eastern study 

boundary 

Scale: 1" = 400' 

Contour I n t e r v a l  : 4' 

B. C i r c l e  City (Ae r ia l  Photograph Background) 

Coverage: Sect ion 33 and the  E 112 Sect ion 32, T6N, 

R3W. 

Scale: 1" = 200' 

Contour I n t e r v a l :  2 '  

C. W i  ttmann (Ae r ia l  Photograph Background) 

Coverage: Sect ion 13 and the  S 1/2 o f  Sect ion 12, T5N, 

R3W. 

Scale: 1" = 200' 

Contour I n t e r v a l :  2 '  

D. Grand Avenue ( A e r i a l  Photograph Background) 

Coverage: Community o f  Morr istown t o  t h e  Beardsley 

Canal. 

Scale: 1" = 400' 

Contour I n t e r v a l  : 2 '  

E. T r i l b y  Wash 

Coverage: Centra l  Ar izona P ro jec t  (CAP) Canal t o  

McMicken Dam 

Scale: 1" = 200' 

Contour I n t e r v a l  : 2 '  



F. McMicken Dam O u t l e t  Wash 

Coverage: McMicken Dam O u t l e t  Channel t o  the  Agua F r i a  

River.  

Scale: 1" = 200' 

Contour I n t e r v a l  : 2' 

G. Area a t  the  CAP Canal and Pat ton  Road 

Coverage: 2 m i l e  s t r e t c h  on the  n o r t h  s ide  o f  the  

CAP Canal west o f  Grand Avenue. 

Scale: 1" = 400' 

Contour I n t e r v a l :  2 '  

H. Area between t h e  CAP Canal and McMicken Dam 

Coverage: A l l  washes downstream o f  t h e  CAP overchutes 

t o  McMicken Dam and O u t l e t  Channel. 

Scale: 1" = 400' 

Contour I n t e r v a l :  4 '  

I. Wittmann Wash 

Coverage: Community o f  Wittmann t o  t h e  CAP Canal 

Scale: 1" = 400' 

Contour I n t e r v a l  : 2 '  

E leva t i on  reference marks a r e  designated on t h i s  mapping and 

desc r ip t i ons  can be found i n  Appendix B. 

Hydrologic  Model 

A HEC-1 computer model was developed f o r  the  Wittmann ADMS t o  

compute peak discharges and volumes f o r  the  2, 5, 10, 50 and 100- 

Year f l oods  p lus  the  Standard P r o j e c t  Flood (SPF) and Probable 

Maximum Flood (PMF) . Hydrologic  storage r o u t i n g  was performed f o r  

t h e  wash crossings on the  AT&SF Rai l road and Grand Avenue; t h e  

overchutes on the  CAP Canal; t h e  wash crossings on the  Beardsley 

Canal, and McMicken Dam. 
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Delineations of Floodplains, Floodways and Ponding Areas 

Floodplains and floodways were computed for Trilby Wash from the 
CAP Canal to McMicken Dam and for the wash from the McMicken Dam 
Outlet Channel to the Aqua Fria River along the east side of Sun 
City West. In addition, floodplains and floodways were computed 
in the communities of Wittmann and Circle City. Wittmann Wash was 

delineated from the CAP Canal to the unincorporated community of 
Wittmann. 

Floodplains were also delineated on 22 washes downstream of the 
CAP Canal overchutes from the CAP Canal to McMicken Dam and Outlet 
Channel. 

Ponding areas for the 100-year flood were defined behind McMicken 

Dam; Beardsley Canal; Atchison, Topeka and Santa Fe Railway; 
Morristown Highway; and the CAP Canal. Further, the ponding area 
for the Standard Project Flood was delineated behind McMicken 
Dam. 

Floodplain delineations Nere prepared by approximate methods for 
Trilby Wash, Iona Wash and Padelford Wash between Morristown 
Highway and the CAP Canal. In addition, the floodplain for the 
McMicken Dam Outlet Channel was delineated using approximate 
methods. 



1.2 Study Area and Prominent Features 

The drainage area f o r  the  Wittmann ADMS i s  approximately 322 

square m i les  and i s  t h a t  area which d ra ins  t o  McMicken Dam and 

O u t l e t  Channel. The basin i s  bounded on the  south by  McMicken 

Dam and t h e  White Tank Mountains; on t h e  west b y  the  r i d g e  l i n e  

between t h e  Agua F r i a  R iver  and the  Hassayampa River  basins; on 

t h e  no r th  by  the  Wickenburg and H ierog lyph ic  Mountains; and by  a 

r i d g e  l i n e  i n  the  mountains on t h e  eas t  (see Study Area Map). 

The communities o f  Wittmann and C i r c l e  C i t y  are located w i t h i n  the  

study area and Sun City West i s  loca ted  a t  the  southeastern 

corner. I n  add i t i on ,  the  community o f  Morr istown i s  loca ted  on 

t h e  western s tudy  boundary and a p o r t i o n  o f  the  nor thern p a r t  o f  

t h e  Town o f  Surpr ise  i s  loca ted  i n  t h e  s tudy  area near Grand 

Avenue and McMicken Dam. 

Some o f  t h e  prominent fea tures  i n  t h e  s tudy  area are  the  CAP 

Canal, McMicken Dam and the  O u t l e t  Channel, Beardsley Canal, 

Bunker Peak, Lake Bonita, the White Tank Mountains, the  

H ierog lyph ic  Mountains, t h e  Wickenburg Mountains, Luke A i r  Force 

Base A u x i l i a r y  F i e l d  Number 2 (closed),  Luke A i r  Force Base 

A u x i l i a r y  F i e l d  Number 1, the  Sun Va l l ey  Parkway, Northwest 

L a n d f i l l ,  Chrys le r  Proving Grounds, T r i l b y  Wash, Iona Wash, 

Padel ford Wash, Me Wash and Picacho Wash. (Refer t o  Study Area 

Map). 



The E s t r e l l a  Freeway i s  i n  t h e  p lanning stage a t  t h i s  t ime. There 

i s  an a l t e r n a t i v e  al ignment f o r  t h e  proposed freeway t h a t  i s  

loca ted  i n  t h e  s tudy  area, n o r t h  o f  Beardsley Canal, between Grand 

Avenue and the  Agua F r i a  River. Th is  al ignment would cross 

several major washes and the re fo re  t h e  more l i k e l y  alignment i s  

south o f  McMicken Dam O u t l e t  Channel where i t  would be pro tec ted  

from f lood ing .  





2.0 EXISTING CONDITIONS 

2.1 Drainage Charac te r i s t i cs  

The m a j o r i t y  o f  the  study area dra ins  south t o  southeast toward 

McMicken Dam and t h e  McMicken Dam Ou t le t  Channel except f o r  t h e  

White Tank Mountains area which d r a i n  nor theast  t o  T r i l b y  Wash o r  

eas t  t o  McMicken Dam. The vas t  m a j o r i t y  o f  the  study area i s  

undeveloped w i t h  some scat te red  housing below the  CAP Canal and 

s t r i p  commercial development a long Grand Avenue. I n  add i t ion ,  

there  are  the  unincorporated r e s i d e n t i a l  areas o f  C i r c l e  City and 

Wittmann. 

The drainage area covers a wide range o f  slopes from mountainous 

areas w i t h  slopes greater  than 10% t o  a l l u v i a l  fans w i t h  slopes o f  

1.5% t o  10% t o  f l a t  deser t  regions w i t h  slopes ranging from .3% t o  

1.5%. 

Hydrologic  s o i l  groups i n  the  Wittmann area are c l a s s i f i e d  as B, 
C, and D, which correspond t o  lower desert, a l l u v i a l  fan, and 

mountainous areas respect ive ly .  S o i l  group B i s  a porous s o i l  

i n c l u d i n g  sand, s i l t  and loam. S o i l  group C i s  l e s s  porous and 

inc ludes  clay, loam and rocks. S o i l  group D i s  genera l l y  n o t  very  

course and i s  u s u a l l y  a rocky  type ground w i t h  some gravel.  These 

s o i l  groupings were c l a s s i f i e d  by  the  S o i l  Conservation Serv ice 

and are  found i n  t h e i r  S o i l  Survey Maps (References 26 and 27). 





The mountainous regions have a l a r g e  v a r i e t y  o f  deser t  vegetat ion 

composed p r i m a r i  1 y o f  c a c t i  species, creosote bushes, mesquite 

trees, and pa lo  verde t rees.  Cover dens i t y  i s  approximately 30 t o  

40 percent. The a l l u v i a l  fans a l so  have a v a r i e t y  o f  deser t  brush 

and cactus. Palo verde, mesquite and o ther  l a r g e  deser t  t r ees  

h e a v i l y  vegetate the  sides and banks o f  t h e  washes. Cover dens i t y  

i s  approximate ly  20 t o  30 percent ou ts ide  o f  the  washes. The f l a t  

deser t  regions a r e  sparse ly  vegetated except along the  washes 

where l a r g e  deser t  t r ees  and deser t  brush grow. General ly  t h e  

cover d e n s i t y  ou ts ide  o f  the washes i s  10 t o  20 percent.  

2.2 E x i s t i n g  Drainage Systems 

The watershed has many na tu ra l  washes t h a t  convey stormwater 

runoff t o  McMicken Dam. Morr istown Highway, the  AT&SF Rai lroad, 

and Grand Avenue have c u l v e r t s  and br idges a t  n e a r l y  every wash 
crossing. Refer t o  the  hydrology model and Drainage Area Map f o r  

s izes  and l oca t i ons .  The f o l l o w i n g  are  descr ip t ions  o f  t h e  major 

e x i s t i n g  drainage st ructures.  

CAP Canal 

The CAP Canal has a number of overchutes t o  convey f lows across 

it. East o f  Grand Avenue, i t  ac ts  as a dam w i t h  a se r ies  of 17, 

72-inch diameter p ipe  overchutes t h a t  re lease the  stormwater 

across the  CAP Canal. West o f  Grand Avenue, l a rge  concrete 

overchute s t ruc tu res  convey f lows across t h e  CAP a t  5 major wash 

l o c a t i o n s  i n c l u d i n g  T r i l b y  and Iona Wash. The f o l l o w i n g  t a b l e  

describes the  l oca t i ons  o f  the overchutes i n  t h e i r  respect ive  

order  eas t  and west of Grand Avenue along w i t h  t h e i r  corresponding 

sizes. For  example, CAP4EAST i s  the  f o u r t h  overchute east  o f  

Grand Avenue. 
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Locat ion Desc r ip t i on  

CAPlEAST (CAP Sta. 36+12, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAPLEAST (CAP Sta. 52+80, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAP3EAST (CAP Sta. 85+70, REACH 9) 1 - 72" Dia. Pipe Overchute 

CAP4EAST (CAP Sta. 119+70, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAP5EAST (CAP Sta. 159+70, REACH 9) 1 - 72" Dia. Pipe Dverchute 

CAP6EAST (CAP Sta. 180+50, REACH 9)  1 - 72" Dia. Pipe Dvershute 

CAP7EAST (CAP Sta. 190+60, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAP8EAST (CAP Sta. 216+80, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAP9EAST (CAP Sta. 240+00, REACH 9) 1 - 72" Dia. Pipe Overchute 

CAPlOEAST (CAP Sta. 253+00, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAPllEAST (CAP Sta. 272+35, REACH 9) 3 - 72" Dia. Pipe Overchute 

CAPl2EAST (CAP Sta. 279+00, REACH 9) 1 - 72 '  Dia. Pipe Overchute 

CAP13EAST (CAP Sta. 298+70, REACH 9)  1 - 72" Dia. Pipe Overchute 

CAP14EAST (CAP Sta. 315+00, REACH 9)  3 - 72" Dia. Pipe Overchute 

CAPl5EAST (CAP Sta. 342+40, REACH 9)  1 - 72" Dia. Cu lver t  

CAP16EAST (CAP Sta. 376+80, REACH 9) 4DBL 84" Dia. Cu lve r t  

CAP17EAST (CAP Sta. 433+85, REACH 9)  1 - 72" Dia. Cu lver t  

CAPlWEST (CAP Sta. 804+50, REACH 8)  67'-6" x 8'-6" Overchute 

CAPEWEST (CAP Sta. 688+00, REACH 8 )  87'-2" x 6'-6" Overchute 

TRILBY (CAP3WEST) 

(CAP Sta. 609+00, REACH 8)  135'-10" x 8'-6" Overchtite 

IONA (CAPIWEST) 

(CAP Sta. 572+50, REACH 8)  47'-4" x 7 ' -0"  Overchute 

CAP5WEST (CAP Sta. 466+00, REACH 8)  67'-0" x 9 '-6" Wash Siphon 

C i r c l e  City 

C i r c l e  C i t y ' s  drainage system cons is ts  o f  a man-made channel t h a t  

c o l l e c t s  and conveys stormwater a long t h e  east s ide  o f  t h e  

community. Th is  channel crosses t h e  entrance i n t o  C i r c l e  City i n  

a roadway d i p  sec t i on  t h a t  i n t e r r u p t s  t r a f f i c  dur ing  f loods. 
13 



Wittmann 

There i s  a d i v i d e d  wash t h a t  f lows through the community o f  

Wittmann (Wittmann Wash). S ix  48" concrete p ipe  c u l v e r t s  a re  

loca ted under Center S t r e e t  a t  both channel crossings. There i s  

a l so  a channel, p a r a l l e l  t o  t h e  AT&SF Railroad, t h a t  cont inues 

under Center S t r e e t  i n  1 - 48" and 2 - 30" concrete p ipe  cu lver ts .  

Wittmann Wash then flows t o  t h e  overchute a t  CAPlWEST on the CAP 

Canal. 

Chr.ys1er Proving Grounds 

Chrys le r  Proving Grounds has constructed many drainage f a c i l i t i e s  

t o  p r o t e c t  t h e i r  bu i l d ings  and t e s t  t racks .  These f a c i l i t i e s  

i nc lude  a number o f  l a r g e  box c u l v e r t s  and detent ion  basins t o  

reduce t h e  peak f l o w  through t h e  proper ty .  The detent ion  basins 

were designed t o  keep the  post-development peak discharges a t  o r  

below the  e x i s t i n g  peaks. 

203rd Avenue prov ides access t o  the  prov ing  grounds. It c o l l e c t s  

stormwater f lows from the  west and conveys them south along t h e  

roadway t o  a l a r g e  box c u l v e r t  t h a t  crosses under t h e  road j u s t  

n o r t h  o f  t h e  AT&SF Rai lroad. The drainage cont inues t o  f l o w  

southeast a long the  Ra i l road f o r  about one mi le .  

163rd Avenue 

For the  most pa r t ,  t h e  roadways i n  the  study area cross the  deser t  

washes through u n s t a b i l i z e d  d i p  sect ions. However, 163rd Avenue 

n o r t h  o f  Grand Avenue i s  paved and has box c u l v e r t s  a t  Happy 

Va l l ey  Road and Jomax Road. The box c u l v e r t  a t  Happy Va l l ey  Road 

14 



passes f l ow  under 163rd Avenue t h a t  i s  c o l l e c t e d  along a d i ke  on 

the  no r th  s ide  o f  Luke A i r  Force Base A u x i l i a r y  F i e l d  number 2. 

This  d i ke  cont inues t o  t h e  east  approximately 1-3/4 mi les  where i t  

f lows i n t o  an e x i s t i n g  wash. The d i ke  i s  unmaintained and i s  

sub jec t  t o  overtopping. Consequently, there i s  a s t rong 

p o s s i b i l i t y  t h a t  t h e  d i ke  cou ld  wash ou t  and cause f l ood ing  t o  t h e  

south. 

Sun Va l l ey  Parkway and Deer Va l l ey  Road 

There are  two new roadways, Sun Va l l ey  Parkway and Deer Va l l ey  

Road, i n  the  Wittmann a ea. Sun Va l ley  Parkway w i l l  open soon and r 
w i l l  c a r r y  t r a f f i c  from B e l l  Road west along the no r th  s ide  o f  t h e  

White Tank Mountains t o  the  planned community o f  Sun Val ley. Deer 

Va l l ey  Road has r e c e n t l y  been constructed and c a r r i e s  t r a f f i c  from 

Grand Avenue t o  the  Northwest L a n d f i l l .  These roads were bo th  

designed w i t h  c u l v e r t s  t o  pass f l o w  under the roadway a t  the  

e x i s t i n g  wash crossings. 

Lake Boni ta 

Lake Boni ta i s  loca ted  below t h e  CAP Canal on Padel ford Wash. The 

dam was constructed t o  p rov ide  a rec rea t i on  lake  f o r  t h e  

surrounding residences. However, t h e  l ake  i s  normal ly  d r y  and 

o n l y  f i l l s  up as a r e s u l t  o f  f l oods  on Padelford Wash. There i s  

no low f l o w  o u t l e t  from the  dam. 
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Beardsley Canal 

The Beardsley Canal c o l l e c t s  stormwater and passes i t  through w i t h  

canal siphons a t  th ree  major wash crossings. I n  addi t ion,  t he re  

are  c u l v e r t s  and a s p i l l w a y  t h a t  a l l o w  f l o w  i n t o  the canal j u s t  

nor theast  o f  Grand Avenue. Several o f  these c u l v e r t s  a re  crushed 

and prov ide  very l i t t l e  conveyance i n t o  the  canal. 

McMicken Dam 

The s tudy  area dra ins  t o  McMicken Dam and O u t l e t  Channel. Two 10' 

x 10'  box c u l v e r t s  a re  used as an uncon t ro l l ed  o u t l e t  f o r  the  

T r i l b y  Wash Detent ion Basin behind McMicken Dam. Discharges from 

the  o u t l e t  f l o w  through t h e  McMicken Dam Ou t le t  Channel t o  t h e  

McMicken Dam O u t l e t  Wash which i n  t u r n  f lows t o  the  Agua F r i a  

River.  An emergency over f low s p i l l w a y  was designed by  the  Corps 

o f  Engineers i n  1953 t o  pass f lows t h a t  exceed the standard 

p r o j e c t  f lood.  The c r e s t  o f  t h e  dam was designed f o r  5 f e e t  o f  

f reeboard above the  standard p r o j e c t  f l o o d  e leva t i on  of 1356.0 

fee t .  The e f f e c t  t h a t  t h e  probable maximum f l o o d  would have on 

the  dam was i nves t i ga ted  and the  r e s u l t s  a re  presented i n  sec t ion  

3.10 o f  t h i s  repo r t .  



3.0 HYDROLOGY 

A r a i n f a l l  r u n o f f  model was developed t o  determine the watershed 

response t o  storms o f  var ious frequency. The f o l l o w i n g  areas were of 

p a r t i c u l a r  concern i n  developing the model: 

1. Check t h e  adequacy o f  McMicken Dam and the  McMicken Dam 

O u t l e t  Channel t o  c o n t r o l  the  100-year f lood, standard 

p r o j e c t  f l o o d  (SPF), and probable maximum f lood.  

2. Define t h e  ponding areas behind McMicken Dam f o r  the  100-year 
f l o o d  and t h e  SPF. 

3. Define the  ponding areas behind the  Central  Arizona P ro jec t  

Canal and evaluate t h e  adequacy o f  i t ' s  d ike  f o r  t h e  100-year 

f lood.  

4. Determine f l o o d  hydrographs f o r  a ser ies  o f  po in t s  o f  

concent ra t ion  f o r  use i n  the  f loodp la in ,  floodway, and 

i n t e r i m  f l o o d p l a i n  del ineat ions.  

5. Def ine ponding areas f o r  the  100-year f l o o d  upstream o f  the  

AT&SF Rai lroad. 

6. Analyze the  dam a t  Lake Boni ta t o  determine i t s  a b i l i t y  t o  

s a f e l y  pass t h e  100-year and probable maximum f lood. 

7. Def ine  ponding areas f o r  the  100-year f l o o d  behind Beardsley 

Canal. 
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8. Determine peak discharges t o  evaluate the  adequacy o f  var ious 

e x i s t i n g  s t ruc tu res  i n  the  drainage area i nc lud ing  dikes, box 

cu l ve r t s ,  p ipe  cu l ve r t s ,  and d i p  sect ions. 

3.1 Methodology 

The U.S. Army Corps o f  Engineers HEC-1 computer program was used 

t o  s imu la te  r a i n f a l l  r u n o f f  response i n  the  Wittmann ADMS study 

area. Peak discharges were computed f o r  the  2, 5, 10, 50 and 100 

year  f l oods  along w i t h  t h e  standard p r o j e c t  f l o o d  and the  probable 

maximum f lood.  The model represents the  basin watershed as an 

in terconnected system o f  hydro log ic  and hyd rau l i c  components. The 

watershed was d i v i d e d  i n t o  over 200 subbasins i n  order  t o  de r i ve  

f l o o d  hydrographs fo r  a se r ies  o f  l oca t i ons  throughout the  study 

area. 

There were two methods used i n  the  HEC-1 computer program t o  

compute f l o o d  hydrographs. The kinematic wave method was used i n  

t h e  f l a t t e r  deser t  and a l l u v i a l  f an  regions and the  u n i t  

hydrograph method was used i n  the  mountainous areas. 

The kinematic wave method was used i n  the  deser t  and a l l u v i a l  f an  

areas because i t  uses the  physical  processes invo lved i n  the  

movement o f  water over t h e  drainage basin which make mod i f i ca t i on  

o f  t h e  model due t o  land use changes easier .  The r a i n f a l l  r u n o f f  

process i s  modeled us ing over land flow, c o l l e c t o r  channel, and 

main channel cha rac te r i s t i cs .  Parameters, such as roughness, 



slope, drainage lengths,  drainage areas, and channel dimensions 
a r e  used t o  de f i ne  t h e  r u n o f f  process. These parameters can be 

e a s i l y  mod i f ied  t o  represent  fu tu re  urbanizat ion.  A more complete 

d iscussion o f  the  basic  concepts o f  t h e  kinematic wave method can 

be found i n  t h e  Hydrologic  Engineering Center 's,  " I n t r o d u c t i o n  and 
A p p l i c a t i o n  o f  Kinematic Wave Routing Techniques Using HEC-I", May 
1979. 

The Phoenix Mountain S-Graph was used t o  de r i ve  u n i t  hydrographs 

i n  t h e  mountainous areas of t h e  watershed. The S-Graph was 

developed by  t h e  U.S. Army Corps o f  Engineers f o r  the  Phoenix 

area. A computer program, suppl ied by  the  Flood Contro l  D i s t r i c t ,  

was used t o  compute u n i t  hydrographs from the  Phoenix Mountain S- 

Graph. The requ i red  i n p u t  i s  basin area, l a g  time, and t h e  

computation t ime i n t e r v a l .  The r e s u l t i n g  u n i t  hydrographs were 

i n p u t  i n t o  t h e  HEC-1 computer model. 

The Phoenix Mountain S-Graph u n i t  hydrograph was used because i t  

i s  based on observed data i n  t h e  v i c i n i t y  o f  the  s tudy  area. 

These same S-Graphs have been used t o  compute design f l o o d  

hydrographs f o r  numerous f lood c o n t r o l  p r o j e c t s  i n  Maricopa 
County. The kinematic wave model was no t  used i n  the  mountainous 

regions because the re  w i l l  be ve ry  l i t t l e  u rban iza t ion  i n  t h e  

mountains and the re fo re  the  advantage o f  the  kinematic wave model 

i n  represent ing  land use changes i s  n o t  necessary. Furthermore, 

the  k inemat ic  wave model i s  no t  as app l i cab le  t o  the  l a r g e r  

mountainous subbasins. 



The Phoenix Mountain S-Graph was developed b y  the  U.S. Amy Corps 

o f  Engineers f o r  use i n  t h e i r  study, "G i la  R iver  Basin, New River, 

and Phoenix City Streams, Arizona", Design Memorandum Number 2, 
Hydrology, Pa r t  2, 1982. It was der ived from r e c o n s t i t u t i o n s  o f  

observed f l oods  on New R ive r  a t  Rock Springs and New River  a t  New 

River.  The S-graph i s  a summation graph o f  discharge i n  percent 

o f  u l t i m a t e  discharge versus t ime i n  percent o f  l a g  time. The 

i n p u t  hydrographs can be seen i n  the  HEC-1 program and are  labeled 

w i t h  t h e  record  i d e n t i f i c a t i o n  symbol U I .  

3.2 Subbasin Areas 

The watershed was d i v i d e d  i n t o  over 200 subbasins us ing  the  7-112 

minute USGS quadrangle maps; the  a e r i a l  mapping prepared f o r  t h e  

Wittmann ADMS; p lans f o r  Grand Avenue, t h e  Atchison Topeka, and 

Santa Fe Rai l road,  Morr istown Highway, Gran i te  Reef Aqueduct, 
Chrysl  e r  Proving Grounds, 163rd Avenue Paving, Patton Road Paving 
and t h e  proposed Deer Va l l ey  Road paving; var ious drainage repo r t s  
i n  t h e  area; 1986 a e r i a l  photographs; and f i e l d  inves t iga t ions .  

The subbasin d i v i s i o n s  were based on ob ta in ing  f l o o d  hydrographs 

a t  p o i n t s  of i n t e r e s t  a long the  AT&SF Railroad, the  CAP Canal, the  

Beardsley Canal, and McMicken Dam and O u t l e t  Channel. Further,  

t h e  watershed was d i v i d e d  i n t o  subbasins t h a t  have the  same 

hydro log ic  and hyd rau l i c  c h a r a c t e r i s t i c s .  





3.3 Precipi ta t ion Parameters 

The precipi ta t ion values fo r  the Wittmann ADMS were computed using 

the  "NOAA Atlas No. 2 ,  Precipitat ion - Frequency Atlas of the 

Western United States ,  Vol. VIII - Arizona", dated 1973. Point 
ra in fa l l  values were ae r i a l l y  reduced by the use of the depth area 

curve i n  the  NOAA Atlas. The following table  shows the  
precipi ta t ion values used in t h i s  study. 

PRECIPITATION VALUES 

Return Interval 

(Years) 

Duration 

(Hours) 

Point Rainfall 

(Inches) 



POINT RAINFALL AREAL REDUCTION 

(24-HOUR DURATION) 

RAINFALL ( inches) 
Area % P o i n t  
(sq.mi.) R a i n f a l l  2-year 5-year 10-year 50-year 100-year 

1 100 1.63 2.29 2.70 3.72 4.21 
10 99 1.61 2.27 2.67 3.68 4.17 
50 95 1.55 2.18 2.57 3.53 4.00 
100 93.3 1.52 2.14 2.52 3.47 3.93 
200 91.7 1.49 2.10 2.48 3.41 3.86 
350 1 90.7 1.48 1 2.08 1 2.45 1 3.37 3.82 

The p r e c i p i t a t i o n  depth-area r e l a t i o n  was incorporated i n t o  t h e  

model t o  main ta in  consis tency between successive downstream 

hydrographs b y  generat ing each from p r e c i p i t a t i o n  q u a n t i t i e s  t h a t  

correspond t o  t h a t  p a r t i c u l a r  basin size. 

The SCS Type I 1  r a i n f a l l  d i s t r i b u t i o n  was used t o  d i s t r i b u t e  t h e  

above r a i n f a l l  amounts over t h e  24-hour period. This  d i s t r i b u t i o n  

i s  g e n e r a l l y  accepted as being app l icab le  f o r  storms i n  t h e  

southwestern deser t  regions. The t ime increment used i n  the  

d i s t r i b u t i o n  was 15 minutes. 

3.4 Standard P r o j e c t  Storm and Probable Maximum P r e c i p i t a t i o n  

The p r e c i p i t a t i o n  amounts f o r  t h e  Probable Maximum P r e c i p i t a t i o n  

(PMP) and the  Standard P r o j e c t  Storm (SPS) were generated t o  

determine t h e  e f f e c t  each would have on McMicken Dam and O u t l e t  

Channel. The SPS was taken from "Design Memorandum No. 1 - 
Hydrology and Hydrau l ic  Design f o r  T r i l b y  Wash Detent ion Basin and 

O u t l e t  Channel", dated November 1953 by  the  Corps o f  Engineers. 

Th is  storm was used t o  design McMicken Dam. The basin average SPS 
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corresponding t o  the  247 square m i l e  bas in  t h a t  d ra ins  t o  McMicken 

Dam isJ.6 i n c h e s .  For the  320 square m i l e  drainage basin t h a t  

con t r i bu tes  t o  McMicken Dam and the  O u t l e t  Channel, t h e  average 

r a i n f a l l  i s  7.4 inches. 

The r a i n f a l l  d i s t r i b u t i o n  f o r  t h e  SPS was a l so  taken from Design 

Memorandum No. 1. The r a i n f a l l  was d i s t r i b u t e d  over a 72-hour 

d u r a t i o n  i n  one hour increments. Th is  storm fo l l ows  t h e  p a t t e r n  

o f  the  August 1951 storm f o r  Phoenix and Poland Junct ion. 

The Probable Maximum P r e c i p i t a t i o n  was ca l cu la ted  us ing  t h e  

procedure ou t1  i ned  i n  t h e  U.S. Department o f  Commerce's 

'Hydrometeorological Report No. 49 - Probable Maximum 

P r e c i p i t a t i o n  Estimates, Colorado R iver  and Great Basin 

Drainages", dated September 1977. Wi th t h i s  procedure an 
accumulated r a i n f a l l  depth, incremental r a i n f a l l  depth, and a 

r a i n f a l l  d i s t r i b u t i o n  p a t t e r n  was developed f o r  6-hour t ime 

increments over a 72-hour per iod.  The t o t a l  72-hour PMP i s  15.3 

inches. The f o l l o w i n g  t a b l e  shows t h e  values computed us ing HMR 

No. 49. 

Probable Maximum P r e c i p i t a t i o n  Data 

I Increment 1 6  / 1 2 / 1 8 / 2 4 1 3 0 / 3 6 1 4 2 / 4 8 / 5 4 / 6 0 1 6 6 / 7 2 1  
] ( ~ r s . )  I I I I I I I I I I I I I 

Incremental 
R a i n f a l l D e p t h  7.1 2.2 1.3 1.1 0.7 0.6 0.6 0.5 0.3 0.3 0.2 0.2 

R a i n f a l l  

1 1 1 1 1 1 1 1 1 1 1 1 1  
D i s t r i b u t i o n  0.2 0.3 0.5 0.6 1.1 2.2 7.1 1.3 0.7 0.6 0.3 0.2 

I ( I n .  I 

I I I I I I 

Accumulated 
I I I I 

I I R a i n f a l l  I(1n.1 Depth i7.1 13.8i14.3~14.6~14.g I I I 
I I ! ! I I I 



3.5 Lag Time 

Basin l a g  t ime i s  requ i red  i n p u t  f o r  the  u n i t  hydrograph method. 

As described e a r l i e r  t h e  Phoenix Mountain S-Graphs were used t o  

develop u n i t  hydrographs f o r  the  mountainous subbasins. The 
f o l l o w i n g  equat ion was used t o  compute l a g  time. 

where, 

T = Lag t ime i n  hours, hrs. 

L = Length o f  longest  watercourse, ft. 

n - 
C t  = .0003489 0.05 , where n = channel roughness. 
Lca= Length a long l a r g e s t  watercourse measured upstream 

t o  a p o i n t  opposi te center  o f  area, ft.. 

S = Overa l l  s lope o f  longest  watercourse, ft/ft. 

Th is  equat ion was taken from P l a t e  24 o f  the  U.S. Army Corps o f  

Engineers "G i l a  R ive r  Basin, New R ive r  and Phoenix City Streams, 

Arizona", Design Memorandum No. 2, Hydrology Par t  2. The 
equat ion constant,  .0003489, was converted f o r  use w i t h  f e e t  

i ns tead  o f  m i  1 es. 
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3.6 Channel Routing 

Although t h e  Kinematic Wave method was used t o  compute most o f  t h e  

subbasin o u t f l o w  hydrographs, i t  was n o t  used f o r  channel r o u t i n g  

because i t  does n o t  p rov ide  f o r  a t tenuat ion  o f  the  f l o o d  wave. 

The washes i n  t h e  s tudy  area are  na tu ra l  w i t h  no l i n i n g  o r  

improvements and the re fo re  s i g n i f i c a n t  storage and a t tenua t i on  o f  

the  f lood hydrographs would be expected. To account f o r  

a t tenuat ion ,  t h e  Muskingum r o u t i n g  method was used. 

The Muskingum x c o e f f i c i e n t  (wedge storage f a c t o r )  was s e t  equal 

t o  0.2 which i s  commonly used i n  absence o f  observed data. This  

c o e f f i c i e n t  can range i n  value from 0.0 t o  0.5. Using an x of 0.5 

r e s u l t s  i n  t r a n s l a t i o n  o f  the  rou ted  hydrograph w i t h  no 

a t tenua t i on  and an x o f  0.0 would be used f o r  a rese rvo i r .  

The Muskingum K c o e f f i c i e n t  (HEC-1 v a r i a b l e  AMSKK) was se t  equal 

t o  the  t r a v e l  t ime i n  the  r o u t i n g  reach. An i t e r a t i v e  procedure 

was used t o  c a l c u l a t e  t h e  t r a v e l  time. I n  an i n i t i a l  model, an 

a s ~ u m e ~ . v e l . ~ c i t y .  o f  , 4 fps . ~. was . used t o  ~~ determine-.a-.trave_! ~. t ime ~ . . ~  f o r  - 
_, each . -. .. - reach. . Then, us ing  the  r e s u l t i n g  100-year peak discharges, 

..-. .. 
more representa t ive  v e l o c i t i e s  were obta ined w i t h  normal depth 

ca l cu la t i ons .  These v e l o c i t i e s  were used t o  compute t r a v e l  t imes 

i n  t h e  f i n a l  model. 

The number o f  r o u t i n g  steps (HEC-1 v a r i a b l e  NSTPS) was s e t  equal 

t o  1 f o r  each reach. As i s  t h e  case w i t h  t h e  x c o e f f i c i e n t ,  t h e  

number of r o u t i n g  steps i s  a c a l i b r a t i o n  parameter and i s  

t y p i c a l l y  chosen so t h a t  t h e  K c o e f f i c i e n t  i s  between 0.65 and 2.5 
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subbasins). The r e s u l t  o f  having a l a r g e  number o f  r o u t i n g  steps 

i s  ve ry  l i t t l e  a t tenua t i on  o f  t h e  rou ted  hydrograph. It was 

decided t h a t  one r o u t i n g  step f o r  each reach would be adequate i f  

t h e  r e s u l t i n g  hydrographs were checked t o  make sure they  do no t  

o s c i l l a t e .  

3.7 Curve Numbers 

The S o i l  Conservation Serv ice curve number method was used t o  

c a l c u l a t e  p r e c i p i t a t i o n  losses. Curve numbers were i n t e r p o l a t e d  

from SCS Technical Release No. 55. Th is  document r e l a t e s  curve 

number t o  t h e  hydro log ic  s o i l  group, s o i l  cover, land use type, 
and antecedent moisture condi t ions.  The f o l l o w i n g  t a b l e  shows 
curve numbers t h a t  were used i n  the  Wittmann ADMS. 
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Curve Numbers 

HYDROLOGIC SOIL GROUP 
LAND USE TYPE 

B C D 

RESIDENTIAL LAND 
R-3 86 93 94 
R-4 86 91 93 
R- 5 85 90 92 
R1-6 83 88 91 
R1-7 81 86 90 

. R1-8 79 85 89 
R1-9 77 84 88 
R1-10 75 83 87 

DESERT SHRUB 
Poor Cond i t ion  I 7 7 I 85 I 
F a i r  Cond i t ion  I Good Cond i t ion  , I 68 84 

Hydrologic Poor: 30% Ground Cover 
Condi t ions F a i r :  30% - 70% Ground Cover 

Goocl : 70% Ground Cover 

3.8 Storage Routing 

Reservoi r  r o u t i n g  was used i n  t h e  HEC-1 model t o  account f o r  the  

e f f e c t s  o f  storage behind t h e  Centra l  Arizona P r o j e c t  Canal, 

Beardsley Canal, AT&SF Railroad, Chrys ler  Proving Grounds, and 

McMicken Dam. Bureau of Pub l i c  Roads c u l v e r t  charts,  the  a e r i a l  

topographic mapping, and cons t ruc t i on  p lans were used t o  c rea te  

stage-storage-discharge tables.  Reservoi r  r o u t i n g  was a l so  

performed a t  Lake Boni ta w i t h  an assumed s t a r t i n g  water sur face 

e l e v a t i o n  s e t  a t  the  t o p  o f  the  sp i l lway .  
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3.9 D ivers ions  

D ivers ions  were used i n  the  HEC-1 hydro logy model f o r  two main 

reasons: 

1. To model the  f lows t h a t  exceed t h e  r a i l r o a d ~ u l v e r t s  and 

cont inue along t h e  r a i l r o a d  t o  t h e  next  c u l v e r t  downstream. 

2. To model the  ou t f low o f  the  storage area n o r t h  o f  t h e  CAP 

Canal eas t  o f  Grand Avenue. 

I n  many cases the  r a i l r o a d  c u l v e r t s  do no t  have s u f f i c i e n t  

capac i t y  t o  pass t h e  100-year f lood. Since t h e  r a i l r o a d  i s  h igh  

enough t o  prec lude overtopping, t h e  excess f l o w  i s  d i ve r ted  

downstream along t h e  r a i l r o a d  t o  t h e  nex t  c u l v e r t .  The d i ve rs ion  

r o u t i n e  i n  the  HEC-1 computer program was used t o  model these 

s i t u a t i o n s .  

The d i v e r s i o n  r o u t i n e  was a l s o  used t o  model the  ou t f low from the  

ponding area behind t h e  CAP Canal eas t  o f  Grand Avenue. This 
-. - - 
-:------- storage area ac ts  as two l a r g e  ~ n t e r r e l a t e d  rese rvo i r s  w i t h  17 

t o t a l  o u t l e t  cu l ve r t s .  163rd Avenue d i v ides  t h e  storage area 

between the  CAP9EAST and CAPlOEST cu l ve r t s .  For i n f requen t  

events, l a r g e r  than t h e  100-year f lood,  stormwater w i l l  f l o w  from 

the  western rese rvo i r ,  over 163rd Avenue, i n t o  the  eastern 

rese rvo i r .  

This  area was modeled b y  t o t a l i n g  the  c o n t r i b u t i n g  subbasin 

hydrographs t o  each r e s e r v o i r  and then storage r o u t i n g  the  

combined hydrograph us ing stage-storage-discharge data based on 

the  combined o u t f l o w  o f  a l l  t h e  associated CAP Canal cu lver ts .  
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The ou t f l ow  hydrograph was then d i ve r ted  i n t o  each o f  the  ou t f l ow  

c u l v e r t s  t o  o b t a i n  peak discharges a t  each loca t ion .  These 

c u l v e r t s  inc luded CAPIEAST through CAP9EAST f o r  west o f  163rd 

Avenue and CAPlOEST through CAP14EST east  o f  163rd Avenue. I n  

add i t ion ,  a d i v e r s i o n  was inc luded t o  model the  f l o w  from the  
western r e s e r v o i r  t o  the  eastern r e s e r v o i r  dur ing  the  more 

i n f requen t  f l o o d i n g  events. 

3.10 Resul ts  

...~ 

A summary o f  the  cumulat ive peak discharges i s  in.Appendix A,) The \. - -. 
summary inc ludes  t h e  2, 5, 10, 50, and 100-year f loods.  The 

drainage area map dep ic ts  t h e  l o c a t i o n  o f  each subbasin along w i t h  

i t s  i d e n t i f i c a t i o n  number and concent ra t ion  po in t .  

The HEC-1 computer p r i n t o u t s  f o r  t h e  2, 5, 10, 50 and 100-year 

storms p l u s  t h e  standard p r o j e c t  storm and the  probable maximum 
p r e c i p i t a t i o n  are i n  .(under separate cover).  

The f o l l o w i n g  i s  a b r i e f  d iscussion o f  the  r e s u l t s  a t  major 

concent ra t ion  p o i n t s  w i t h i n  the  study area. 

Grand Avenue and AT&SF Rai l road 

As descr ibed e a r l i e r ,  r e s e r v o i r  r o u t i n g  was performed a t  t h e  

c u l v e r t  l o c a t i o n s  along t h e  AT&SF Rai lroad. The r e s u l t i n g  i n f l o w  

and ou t f l ow  peak discharges a r e  i n  t h e  summary (Appendix A). The 

peak stage can be found i n  the  HEC-1 output  (Appendix C). 
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A t  every c u l v e r t  t h e  100-year r u n o f f  i s  contained upstream o f  t h e  

Rai l road.  The discharges are e i t h e r  o u t l e t  through t h e  c u l v e r t  o r  

are d i v e r t e d  along t h e  r a i l r o a d  t o  the  next  downstream cu l ve r t .  

I The c u l v e r t s  along Grand Avenue were no t  inc luded i n  the  HEC-1 

model because t h e  e f f e c t i v e  storage between t h e  roadway and t h e  

P r a i l r o a d  i s  i n s i g n i f i c a n t .  However, the  c u l v e r t s  were checked t o  

determine i f  they  have the  capac i ty  t o  convey the  100-year ou t f low 

I peak discharges from t h e  Rai lroad. There was o n l y  one c u l v e r t  

l o c a t i e n  whe!-e--.$he ~~ 100-year ~ . f l o o d  ..~ . might . ._,-- f low over the  :readway ~- .~-- and 

I i t  occurs near C i r c l e  City. Refer t o  d iscussion i n  Sect ion 3.3 i n  .-. ,..- , . . 

Pa r t  B. 

CAP Canal 

The f o l l o w i n g  i s  a summary o f  the  100-year peak discharges and 

peak stages along t h e  CAP Canal. 

Locat ion  I 
CAPlWEST 
CAP2WEST 
T r i  1 b y  (CAP3WEST) 
Iona (CAP4WEST) 

100-Year Cu lve r t  100-year 
Peak discharge (CFS) Capacity Peak Stage E leva t i on  

I n f l o w  ou t f l ow  (CFS) 

I * I n s u f f i c i e n t  Capacity 

CAPIEAST - 
CAP9EAST 
Combined 

11128 

CAPlOEAST - 
CAP14EAST 1 5389 
Combined I 

2200 I 4085 I 1545.90 I 1554.0 1 
I 

3043 6035 I 1549.88 1554.0 



The r e s u l t s  i n d i c a t e  t h a t  the  overchutes are undersized a t  

CAPlWEST and a t  Iona Wash. Refer t o  Sect ion 3.4 i n  P a r t  B f o r  

f u r t h e r  discussion. 

Beardsley Canal 

The Beardsley Canal has 3 major wash crossings i n  the  study area. 

They are  loca ted a t  washes CAP5EAST, Padel ford Wash, and 

CAP16EST. The f o l l o w i n g  i s  a sumnary o f  these crossings. 

* I n s u f f i c i e n t  Capaci ty  

I McMicken Dam and O u t l e t  Channel 

100-Year 
Locat ion Peak discharge (CFS) 

lInflow Outf low 

The standard p r o j e c t  f l o o d  and t h e  probable maximum f l o o d  were 

rou ted  through McMicken Dam. The f o l l o w i n g  i s  a summary o f  t h e  

Cu lve r t  
Capacity 

(CFS) 

4410 
1392* 
4950 

resu l t s .  

32 

2227 
2718 
4197 

CAP5EAST 
Padel f o r d  Wash 
CAP16EAST 

100-year 

2227 
2718 
4535 

Canal Dike 
Peak Stage E levat ion  1 

(FT) I (FT) I 
1337.36 
1342.13 

1340 
1342 

1340.26 1342 I2 



I 
I 
I 
I 
I 

Desc r ip t i on  

McMicken Dam 
100-Year Peak I n f l o w  

I 1 0 0 - ~ e a r  Peak Out f low 
100-Year Peak Stage 
100-Year Peak Volume 

SPF Peak I n f l o w  
SPF Peak Out f lnw 

I 
SPF Peak Stage 

Wittmann ADMS 
Resul ts  

20,431 CFS 
2,998 CFS 

1349.92 FT 
13,374 AC-FT 

37,503 CFS 
15,518 CFS 

U.S. Army Corps o f  
Engineers Design 

Not Calculated 
Not Calculated 
Not Calculated 
Not Calculated 

35,000 CFS 
4,450 CFS 

< 1354.98 FT) 1356.0 FT 
32,800 AC-FT I 

120,000 CFS I 
Not Calculated I 
Not Calculated 
Not Calculated 

14,000 CFS 

lSPF Peak Volume 24,013 AC-FT 

PMF Peak I n f l o w  I 110,374 CFS 

I IPMF Peak Out f low I 95,042_CF_S 

I Note: Top o f  Dam E leva t i on  = 1360.7 FT 

I 
Top o f  Sp i l lway  E leva t i on  = 1353.65 FT 

Wittmann Wash S p l i t  Flow 

I A s p l i t  f l o w  ana lys i s  was performed on Wittmann Wash approximately 

I 1/2 m i l e  upstream o f  the  CAP Canal and i t  was determined t h a t  542 
c f s  s p l i t s  t o  the  west and cont inues t o  t h e  Patton Road Br idge 

I area where i t  f lows across Patton Road and cont inues t o  f l ow  south 

t o  the  CAPZWEST Wash. The remaining 1722 c f s  cont inues i n  the 
r-- 

I 
main channel t o  t h e  east  and f l ows  t o  the  CAPlWEST Overchute on 

the  CAP Canal. 

I 33 

I 
I 

-- 

! 1360.46 FT\ 
39,098 AC-FT 

16,443 CFS I 
I 

PMF Peak Stage 
PMF Peak Volume 

O u t l e t  Channel 
PF Upstream o f  

conf luence w i t h  Agua 
F r i a  R iver  



4.0 FLOODPLAIN/FLOODWAY DELINEATIONS 

The Wittmann Area Drainage Master Study inc luded the  de l i nea t i ons  o f  

approximately 90 stream m i l e s  o f  f l o o d p l a i n  and the  computations o f  21 

m i les  o f  floodway. Th is  sec t i on  o f  the r e p o r t  describes t h e  

methodology and assumptions i n  computing the  water sur face p r o f i l e s .  

The HEC-2 computer p r i n t o u t s  f o r  each wash are loca ted i n  Appendix D 

(under separate cover).  A composite o f  t h e  de l i nea t i ons  i s  shown on 

t h e  f l o o d p l a i n  map inc luded i n  t h i s  repor t .  De ta i l ed  f l o o d p l a i n  and 

floodway de l i nea t i ons  are  a l s o  shown on t h e  topographic mapping 

prepared i n  con junc t ion  w i t h  t h i s  study. 

4.1 Methodology and Basic Assumptions 

The Hydrologic  Engineering Center 's "HEC-2 Water Surface 

P r o f i l e s " ,  computer program was used t o  compute water sur face 

p r o f i l e s .  The computation procedure used i n  the  program i s  t h e  

standard step method. The program can evaluate t h e  e f f e c t s  o f  

such obs t ruc t i ons  as bridges, cu lver ts ,  and weirs.  

The s t a r t i n g  water sur face e leva t i on  f o r  each wash was s e t  equal 

t o  c r i t i c a l  depth. C r i t i c a l  depth was assumed i n  reaches where 

t h e  water sur face f e l l  below c r i t i c a l  depth. 





Manning's roughness c o e f f i c i e n t s  (Mannings "nu) were chosen w i t h  

the  he lp  of a e r i a l  photographs, f i e l d  inspect ions, Chow's Handbook 

of Hydraul ics, U.S.G.S. Water Supply Paper 1849, and an 

unpubl ished r e p o r t  by  t h e  U.S.G.S. e n t i t l e d  "Roughness 

C o e f f i c i e n t s  f o r  Stream Channels i n  Arizona". Channel "n" values 

f o r  he s tudy  ranged from 0.025 -~ t o  . 0.05 and overbank "n" values 

ranged from 0.035 t o  0.10. 
?- . - , ,  ~ ~~ 

The numbering system f o r  the f l o o d p l a i n  cross-sect ions i s  based on 

r i v e r  mi les.  The l eng th  between successive cross sect ions was 

kept  between 400 and 1000 fee t .  This  value was dependent upon 

channel geometry and the  s i n u o s i t y  o f  the  channel. Cross sec t i on  

data was taken from the  topographic mapping prepared f o r  t h i s  

study. Mapping scales are  a t  1"=2001 and lV=400 ' .  Major 

s t ruc tu res  were inc luded i n  the  hydrau l ic  ana lys is  and the 

dimensions f o r  each were taken from e i t h e r  the  a s - b u i l t  plans o r  
f i e l d  measurements. 

The f l o o d p l a i n  analyses were prepared based on unobstructed f low. 

The water sur face p r o f i l e s  are  o n l y  v a l i d  i f  hyd rau l i c  s t ruc tu res  

remain unobstructed, operate properly,  and do no t  f a i l .  

An o p t i o n  was used i n  the  HEC-2 program t o  i n s e r t  i n t e r p o l a t e d  

cross sec t ions  when the  change i n  v e l o c i t y  head between cross 

sec t ions  was too  g rea t  t o  accura te ly  determine t h e  energy 

grad ien t .  A maximum al lowable change i n  v e l o c i t y  head between 

cross sec t ions  was s p e c i f i e d  t o  be 0.5 fee t .  



There were th ree  washes t h a t  requ i red  a s p l i t  f l ow  analys is .  They 

were IONAWEST, CAP7EAST, and WITTWASH. 

4.2 Approximate F loodp la in  De l ineat ions  

F loodp la in  de l i nea t i ons  were c a r r i e d  ou t  by approximate methods on 

Padel ford Wash, T r i l b y  Wash, and Iona Wash between Morr istown 

Highway and the  CAP Canal. Cross sec t i on  data was taken from USGS 

7-1/2 minute quadrangle maps and normal depth ca l cu la t i ons  were 
- - -  

made a t  approximately f i v e  l oca t i ons  on each wash. These 

c a l c u l a t i o n s  were supplemented w i t h  i nspec t i on  o f  a e r i a l  

photographs t o  prepare approximate f l o o d p l a i n  del ineat ions.  

The 100-year f l oodp la in  f o r  McMicken Dam O u t l e t  Channel was a l so  

de l ineated us ing  approximate methods. Normal depth ca l cu la t i ons  

were prepared f o r  several l oca t i ons  along t h e  channel us ing 

channel cross sect ions taken from t h e  4' contour i n t e r v a l  mapping 

prepared w i t h  t h i s  study. 
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SUMMARY OF PEAK CUMMULATIVE DISCHARGES 

FLOW IN  CUBIC FEET PRE SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) 

1 I n f l o w  10. 32. 52. 110. 134. 

Out f low 7. 20. 30. 53. 83. 

2 I n f l o w  20. 66. 106. 248. 332. 

Out f low 20. 64. 105. 243. 325. 

3 I n f l o w  24. 71. 110. 230. 303. 

Out f low 22. 69. 109. 230. 301. 

4 I n f l o w  29. 84. 130. 281. 374. 

D ive rs ion  t o  5 0. 9. 55. 196. 283. 

Out f low 29. 74. 75. 85. 91. 

5 I n f l o w  17. 63. 107. 268. 375. 

D ive rs ion  t o  6 0. 0. 0. 53. 169. 

Out f low 17. 59. 94. 185. 195. 

6 ~ n f l o w '  6. 16. 25. 55. 168. 

D ive rs ion  t o  7 0. 0. 0. 34. 136. 

Outf low 4. 7. 10. 19. 31. 

BASIN LOCATION 

AREA REMARKS 

0.09 AT&SF Rai l  road 

0.09 

0.50 AT&SF Rai l  road 

0.50 

0.35 AT&SF Rai l road 

0.35 

0.65 AT&SF Rai l road 

0.65 

0.65 

0.35 AT&SF Rai l road 

0.35 

0.03 AT&SF Rai l road 

0.03 

0.03 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

7 I n f l o w  4. .13. 21. 50. 141. 0.04 AT&SF Ra i l road 

D ive rs ion  t o  8 0. 0. 0. 0. 0. 0.04 

Out f low 3, 9. 14. 28. 77. 0.04 

8 I n f l o w  2. 5. 8. 15. 19. 0.01 AT&SF Ra i l r oad  

D ive rs ion  t o  9 0. 0. 

Out f low 1. 4. 

9 I n f l o w  7. 20. 

D i ve rs ion  t o  10 0. 6. 
Out f low 6. 13. 

10 I n f l o w  171. 529. 

Out f low 171. 529. 

11 I n f l o w  15. 44. 

Out f low 1.4. 36. 

0.08 AT&SF Ra i l road 

0.08 

0.08 

4.94 AT&SF Ra i l r oad  

8.87 AT&SF Ra i l r oad  

8.87 Iona Wash 

Crossing 

0.20 AT&SF Ra i l r oad  

0.20 

0.01 AT&SF Ra i l r oad  , 

13 I n f l o w  8. 26. 40. 90. 108. 0.10 AT&SF Ra i l r oad  

Out f low 8. 24. 35. 73. 87. 0.10 

14 2. 5. 8. 15. 20. 0.01 AT&SF Ra i l road 

15 I n f l o w  31. 92. 146. 325. 435. 0.57 AT&SF Ra i l road 

D ive rs ion  t o  16 0. 0. 0. 4. 29. 0.57 

Out f low 28. 78. 109. 192. 215. 0.57 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

16 Inflow 35. 103. 167. 361. 479. 0.62 AT&SF Railroad 

Diversion to 17 0. 0. 0. 166. 295. 0.62 
Outflow 34. 76. 87. 111. 114. 0.62 

17 Inflow 6. 21. 33. 176. 309. 0.05 AT&SF Railroad 

Diversion to 18 0. 0. 0. 34. 184. 0.05 

Outflow 6. 18. 30. 93. 101. 0.05 

18 Inflow 6. 18. 28. 54. 179. 0.04 AT&SF Railroad 

Diversion to 19 0. 0. 0. 4. 58. 0.04 
Outflow 3. 7. 10. 20. 47. 0.04 

19 Inflow 10. 28. 45. 94. 132. 0.14 AT&SF Railroad 

Diversion to 20 0. 0. 0. 0. 0. 0.14 
Outflow 9. 26. 41. 65. 78. 0.14 

20 Inflow 
Diversion to 21 

Outflow 

21 Inflow 

Diversion to 22 
Outf 1 ow 

22 Inflow 

Diversion to 23 
Outflow 

23 Inflow 

Diversion to 24 
Outflow 

0.70 AT&SF Railroad 
0.70 

0.70 

0.02 AT&SF Rail road 
0.02 
0.02 

0.26 AT&SF Railroad 
0.26 

0.26 

0.01 AT&SF Railroad 
0.01 

0.01 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

24 Inflow 0. 1. 3. 6. 8. 
Diversion to 25 0. 0. 0. 0. 0. 

Outflow 0. 1. 1. 2. 3. 

25 Inflow 1. 6. 12. 33. 51. 
Diversion to 26 0. 0. 0. I. 9. 

Outflow 1. 5. 9. 24. 32. 

26 Inflow 487. 1009. 
Outflow 487. 1009. 

27 Inflow 1. 7. 
Diversion to 28 0. 0. 

Outflow 1. 6. 

28 Inflow 7. 28. 
Diversion to 29 0. 0. 

Outflow 7. 26. 

29 Inflow 2. 6. 
Diversion to 30 0. 0. 

Outflow 1. 3. 

0.01 AT&SF Railroad 
0.01 
0.01 

0.05 AT&SF Railroad 
0.05 
0.05 

AT&SF Rai 1 road 
Tri lby Wash 
Crossing 

AT&SF Rai 1 road 

AT&SF Rai 1 road 

AT&SF Rai 1 road 



CONCENTRATION 2-YR 5-YR TO-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

30 I n f l o w  2. 6. 9. 17. 69. 0.01 AT&SF Rai l road 

Divers ion t o  31 0. 0. 0. 0. 0. 0.01 
Outf low 2. 5. 7. 12. 50. 0.01 

31 I n f l o w  16. 54. 88. 208. 288. 0.63 AT&SF Rai l road 

Divers ion t o  32 0. 0. 0. 0. 16. 0.63 

Outflow 16. 53. 86. 174. 224. 0.63 

32 I n f l o w  5. 16. 24. 51. 66. 0.05 AT&SF Rai l road 

Divers ion t o  33 0. 0. 0. 0. 4. 0.05 
Outf low 4. 13. 19. 34. 42. 0.05 

33 I n f l o w  4. 11. 17. 32. 41. 0.02 AT&SF Rai l road 

Divers ion t o  34 0. 0. 0. 0. 0. 0.02 

Outflow 1. 4. 6. 11. 14. 0.02 

34 I n f l o w  20. 56. 88. 193. 242. 0.34 AT&SF Rai l road 

Divers ion t o  35 0. 0. 0. 10. 35. 0.34 
Outf low 19. 46. 59. 83. 89. 0.34 

35 I n f l o w  19. 54. 84. 183. 236. 0.34 AT&SF Rai l road 

Divers ion t o  36 0. 0. 0. I ; 49. 0.34 

Outflow 18. 48. 66. 100. 112. 0.34 

36 Inf low 91. 251. 385. 824. 1115. 3.64 AT&SF Rai l road 

Outflow 91. 251. 385. 824. 1115. 3.64 

37 I n f l o w  68. 188. 288. 622. 810. 2.71 AT&SF Rai l road 

Outflow 68. 188. 288. 622. 810. 2.71 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

38 I n f l o w  161. 477. 749. 1660. 2202. 8.65 AT&SF Ra i l r oad  

D ive rs ion  t o  39 0. 0. 0. 0. 0. 8.65 Wittmann Wash 
Out f low 161. 477. 749. 1660. 2202. 8.65 Crossing 

39 I n f l o w  9. 40. 71. 192. 270. 0.76 AT&SF Ra i l r oad  

Out f low 9. 40. 71. 192. 270. 0.76 

40 I n f l o w  326. 1116. 1788. 3627. 4442. 20.73 AT&SF Ra i l r oad  

Out f low 326. 1113. 1783. 3620. 4439. 20.73 

90. 318. 538. 1333. 1824. 7.11 Chrys le r  Prov ing 

Grounds 

408 I n f l o w  320. 960. 1383. 2497. 2953. 12.17 Chrys le r  Prov ing 

Out f low 320. 958. 1375. 2452. 2883. 12.17 Grounds 

40C I n f l o w  103. 323. 501. 1087. 1373. 3.86 Chrys le r  Prov ing 

Out f low 103. 320. 492. 998. 1188. 3.86 Grounds 

400 I n f l o w  253. 686. 1017. 1841. 2204. 7.80 Chrys le r  Prov ing 

Out f low 245. 652. 907. 1510. 1759. 7.80 Grounds 

40E I n f l o w  3. 14. 26. 80. 108. 0.14 Chrys le r  Prov ing 

Out f low 3. 14. 25. 62. 69. 0.14 Grounds 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

40F I n f l o w  98. 310. 498. 1153. 1541. 3.51 Chrys le r  Prov ing 

Out f low 98. 310. 482. 1044. 1314, 3.51 Grounds 

40G I n f l o w  251. 715. 1089. 2188. 2774. 7.61 Chrys le r  Prov ing 

Out f low 250. 682. 1015. 1844. 2192. 7.61 Grounds 

41 I n f l o w  338. 1130. 1800. 3644. 4475. 21.41 AT&SF Ra i l r oad  
Outflow 338. 1130. 1800. 3643. 4475. 21.41 

CAPlEAST 

42 In f low 65. 209. 328. 701. 902. 3.73 F i r s t  Overchute 

Out f low 46. 116. 172. 272. 311. 47.77 eas t  o f  Grand 

Avenue. * 

42A I n f  1 ow 7. 34. 61. 172. 230. 0.47 Chrys le r  Prov ing 

Out f low 7. 30. 45. 78. 86. 0.47 Grounds 

* 47.77 m i l es  i s  t he  combined area c o n t r i b u t i n g  t o  t he  r e s e r v o i r  behind t h e  CAP Canal eas t  

o f  Grand Avenue and west o f  163rd Avenue. 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA 

428 I n f l o w  14. 49. 75. 109. 151. 0.75 

Outf low 14. 48. 75. 99. 108. 0.75 

42C I n f l o w  7. 35. 65. 199. 279. 0.63 

Outflow 7. 31. 56. 120. 137. 0.63 

42D I n f  1 ow 2. 12. 24. 69. 101. 0.14 

Outflow 2. 11. 19. 37. 42. 0.14 

4201 In f l ow  1. 5. 9. 26. 38. 0.04 

Outf low 1. 4. 7. 14. 16. 0.04 

42 E I n f l o w  13. 48. 80. 143. 158. 0.58 

Outf low 13. 47. 70. 100. 112. 0.58 

42E1 I n f l o w  12. 48. 83. 221. 292. 0.48 

Outf low 12. 47. 79. 134. 146. 0.48 

42 F I n f l o w  4. 19. 32. 76. 109. 0.33 

Outf low 4. 18. 32. 71. 90. 0.33 

42F1 I n f l o w  3. 16. 29. 82. 116. 0.22 

Outf low 3. 15. 28. 63. 79. 0.22 

43 I n f l o w  168. 549. 874. 1875. 2448. 8.48 

Outflow 59. 131. 187. 285. 323. 47.77 

* 47.77 mi les  i s  the combined area c o n t r i b u t i n g  t o  the rese rvo i r  behind 

o f  Grand Avenue and west o f  163rd Avenue. 

LOCATION 

REMARKS 

Chrysler Proving 

Grounds 

Chrysler  Proving 

Grounds 

Chrysl e r  Proving 

Grounds 

Chrysler Proving 

Grounds 

Chrysler Proving 

Grounds 

Chrysler Proving 

Grounds 

Chrysler Proving 

Grounds 

Chrysler Proving 

Grounds 

CAP2EAST 

Second Overchute 

east o f  Grand 

Avenue on CAP 

Canal. * 

the CAP Canal east 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

43A I n f l o w  109. 328. 503. 1068. 1382. 2.98 Chrys ler  Proving 

Out f low 109. 326. 498. 1049. 1351. 2.98 Grounds 

43C I n f l o w  23. 66. 104. 221. 284. 0.31 Chrys ler  Proving 

Outf low 20. 52. 76. 117. 126. 0.31 Grounds 

430 I n f l o w  26. 77. 120. 251. 330. 0.35 Chrys ler  Proving 

Out f low 25. 74. 94. 127. 138. 0.35 Grounds 

43E I n f l o w  25. 74. 118. 245. 321. 0.32 Chrys ler  Proving 

Outf low 23. 61. 94. 143. 158. 0.32 Grounds 

CAP3EAST 

44 I n f l o w  168. 549. 874. 1875. 2448. 8.38 T h i r d  Overchute 

Out f low 69. 137. 190. 288. 330. 47.77 east  o f  Grand 
Avenue on CAP 

Canal. * 

CAP4EAST 

45 I n f l o w  25. 104. 185. 487. 690. 2.29 For th Overchute 

Outf low 78. 151. 207. 303. 340. 47.77 east  o f  Grand 

Avenue on CAP , 

Canal. * 

* 47.77 m i les  i s  the  combined area c o n t r i b u t i n g  t o  the  r e s e r v o i r  behind t h e  CAP Canal eas t  

o f  Grand Avenue and west o f  163rd Avenue. 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

CAP5 EASL. 
46 I n f l o w  14. 65. 118. 328. 458. 1.22 F i f t h  Overchute 

Outf low 83. 151. 202. 302. 346. 47.77 eas t  o f  Grand 

Avenue on CAP 

Canal. * 

1061. 2078. 2749. 4535. 5428. 16.43 Picacho Wash 

584. 1269. 1769. 3205. 3939. 18.73 Me Wash 

CAP6EAST 
--_-_I 

47 I n f l o w  556. 1285. 1823. 3318. 4080. 20.87 S i x t h  Overchute 

Outf low 88. 162. 217. 313. 350. 47.77 eas t  o f  Grand 

Avenue on CAP 

Canal. * 

CAPTEAST ,- - --- 
48 In f low 247. 721. 1131. 2487. 3286. 9.63 Seventh Overchute 

Outf low 82. 158. 215. 313. 350. 47.77 east  o f  Grand 

Avenue on CAP 

Canal. * 

* 47.77 m i les  i s  the  combined area c o n t r i b u t i n g  t o  the  r e s e r v o i r  behind t h e  CAP Canal east  

o f  Grand Avenue and west o f  163rd Avenue. 



- 
CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINTNOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

I n f l o w  8. 34. 61. 166. 234. 0.57 E igh t  Overchute 

Out f low 86. 164. 224. 321. 357. 47.77 east  o f  Grand 
Avenue on CAP 

I 
Canal. * 

CAP9EAST 

I n f l o w  5. 24. 46. 128. 191. 0.32 N in th  Overchute 

Outf low 72. 148. 205. 301. 337. 47.77 eas t  o f  Grand 

Avenue on CAP 

Canal. * 

CAPlOEAST 

I 
51 I n f l o w  7. 30. 55. 151. 218. 0.48 Tenth Overchute 

Out f low 14. 43. 65. 145. 191. 23.06 east  o f  Grand 

Avenue on CAP 

Canal. ** 

I * 47.71 m i les  i s  t h e  combined area c o n t r i b u t i n g  t o  t h e  r e s e r v o i r  behind t h e  CAP Canal eas t  

o f  Grand Avenue and west o f  163rd Avenue. 

** 23.06 m i les  i s  the  combined area c o n t r i b u t i n g  t o  the  r e s e r v o i r  behind the  CAP Canal eas t  a o f  163rd Avenue and west o f  the  end plug. 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

I n f l o w  525. 1155. 1658. 3302. 4261. 20.94 
CAPllEAST & 

CAP12EAST 

D ive rs ion  t o  52P1 129. 324. 475. 817. 988. 23.06 Eleventh and 
Twelth Overchutes 

east o f  Grand 

Avenue on CAP 

Canal. 

CAP13EAST 

D ive rs ion  t o  52P2 35. 85. 123. 209. 252. 23.06 Th i r t een th  
Overchute east  of 

Grand Avneue on 

the  CAP Canal. ** 

CAP14EAST 

I n f l o w  180. 405. 560. 983. 1200. 1.64 Fourteenth 

I Outf low 105. 268. 395. 648. 768. 23.06 Overchute east  o f  

Grand Avenue on 

CAP Canal. ** 

CAP15EAST 

I n f l o w  135. 317. 443. 787. 963. 0.85 F i f t e e n t h  

Out f low 68. 162. 229. 323. 372. 0.85 Overchute east  o f  

Grand Avenue on 

CAP Caanl. 

** 23.06 m i l e s  i s  t he  combined area c o n t r i b u t i n g  t o  t he  r e s e r v o i r  behind the  CAP Canal eas t  

o f  163rd Avenue and west o f  t he  end plug. 



CONCENTRATION I POINT NOS. 

I 
55 

I 

2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

CAP16EAST 

I n f l o w  285. 594. 804. 1368. 1652. 3.27 S i x t een th  

Ou t f l ow  285. 595. 802. 1366. 1650. 3.27 Overchute eas t  o f  

Grand Avenue on 

CAP Canal. 

CAP17EAST 

I n f l o w  164. 315. 414. 673. 801. 0.48 Seventeenth 

O u t f l o w 1 0 8 .  211. 266. 336. 375. 0.48 Overchute eas t  o f  

Grand Avenue on 

CAP Canal. 

CAP5WEST 

I n f l o w  540. 1359. 1990. 3904. 4953. 16.23 F i f t h  Overchute 

Ou t f l ow  530. 1322. 1886. 3053. 3724. 16.23 west o f  Grand 

Avenue on CAP 

Canal. 

61 70. 187. 281. 588. 757. 1.27 

I 
62 I n f l o w  560. 1517. 2234. 4249. 5309. 31.33 IONA WASH 

I Out f l ow  427. 1084. 1577. 3718. 5001. 31.33 F o r t h  Overchute 

west o f  Grand 

Avenue on CAP 

canal .  



CONCENTRATION 

POINT NOS. 

2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

TRILBY WASH 
63 Inflow 531. 1263. 1773. 3135. 3851. 26.03 Third Overchute 

Outflow 531. 1262. 1773. 3129. 3845. 26.03 west o f  Grand 

Avenue on CAP 

Canal. 



CONCENTRATION 

POINT NOS. 

2-YR 5aYR 10-YR 5 0 4 R  100-YR BASIN .LOCATION 

STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

I n f l o w  314. 827. 1228. 2471. 3172. 14.47 1 Second Overchute 

Ou t f l ow  240. 628. 924. 1795. 2268. 14.47 west o f  Grand 

, Avenue on CAP 
Canal. 

CAPlWEST 

I n f l o w  435. 1476. 2423. 5171. 6548. 33.08 F i r s t  Overchute 

Ou t f l ow  435. 1429. 2280. 4611. 6455. 33.08 west o f  Grand 

Avenue on CAP 

Canal. 



CONCENTRATION 

POINT NOS. STATION 

5-YR 10-YR 50-YR 100-YR 

(CFS) (CFS) (CFS) (CFS) 

BASIN 

AREA 
LOCATION 
REMARKS 

76T T r i l b y  Wash Flow from T r i l b y  

Wash a long a t  

76T. 

To ta l  a t  T r i l b y  Combined f l o w  from 

T r i l b y  Wash and 

f l o w  a long 

McMicken Dam from 

t h e  south. 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

L Nos. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

696. 1847. 2751. 4844. 6036. 42.38 Flow f rom CAP5WEST 

and White Tanks 

Mountains a t  83T. 

666. 1726. 2517. 5211. 6965. 60.46 Flow f rom Iona and 

T r i l b y  Wash a t  

83T. 

1362. 3573. 5268. 10055. 13001. 102.84 Approximate 
combined f low a t  

83T. 



CONCENTRATION 2-YR 5-YR 

POINT NOS. STATION (CFS) (CFS) 

10-YR 50-YR 100-YR 

(CFS) (CFS) (CFS) 

BASIN 

AREA 

LOCATION 

REMARKS 

Flow a t  O u t l e t  

Works o f  McMick 

Dam. 

97 I n f l o w  2095. 5585. 

D i ve rs ion  t o  103 0. 0. 

Out f low 673. 760. 

104 I n f l o w  1. 4. 

D i ve rs ion  t o  105 0. 0. 

Out f low 1. 4. 

AT&SF Rai 1 road 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

105 I n f l o w  1. 3. 7. 21. 30. 0.03 AT&SF Ra i l r oad  

D ive rs ion  t o  105 0. 0. 0. 0. 0. 0.03 

Out f low 0. 2. 4. 10. 15. 0.03 

106 I n f l o w  52. 130. 190. 287. 330. 0.06 AT&SF Ra i l r oad  

D ive rs ion  t o  107 0. 0. 0. 0. 0. 0.06 

Out f low 52. 130. 190. 287. 330. 0.06 

107 I n f l o w  70. 149. 211. 311. 354. 0.32 AT&SF Ra i l r oad  

D ive rs ion  t o  108 0. 0. 0. 0. 0. 0.32 

Out f low 70. 149. 211. 311. 354. 0.32 

108 I n f l o w  9. 
D i ve rs ion  t o  109 0. 

Out f low 9. 

109 I n f l o w  2. 

D i ve rs ion  t o  110 0. 

Out f low 2. 

110 I n f l o w  169. 
D i v e r s i o n  t o  111 0. 

Out f low 169. 

111 I n f l o w  5. 

D i ve rs ion  t o  112 3. 

Out f low 2. 

0.67 AT&SF Ra i l r oad  
0.67 

0.67 

0.12 AT&SF Ra i l r oad  

0.12 

0.12 

2.06 AT&SF Ra i l r oad  

2.06 

2.06 

0.35 AT&SF Ra i l r oad  

0.35 

0.35 



CONCENTRATION 2-YR 5-YR 10-YR 50-YR 100-YR 

POINT NOS. STATION (CFS) (CFS) (CFS) (CFS) (CFS) 

112 I n f l o w  20. 91. 164. 440. 614. 

D ive rs ion  t o  113 0. 0. 0. 0. 0. 

Outf low 20. 91. 164. 439. 613. 

113 I n f l o w  6. 25. 44. 116. 162. 

D ive rs ion  t o  114 0. 0. 0. 0. 0. 

Out f low 6. 25. 44. 116. 162. 
, 

114 I n f l o w  1. 7. 14. 43. 59. 

D ive rs ion  t o  115 0. 0. 0. 20. 32. 

Outf low 1. 7. 14. 18. 20. 

115 I n f l o w  3. 10. 18. 41. 59. 

D ivers ion  t o  116 0. 0. 3. 22. 35. 

Out f low 2. 9. 12. 15. 17. 

116 I n f l o w  43. 137. 226. 536. 703. 

Out f low 36. 136. 225. 532. 697. 

BASIN LOCATION 

AREA REMARKS 

1.34 AT&SF Rai l road 

1.34 

1.34 

0.59 AT&SF Rai l road 

0.59 

0.59 

0.08 AT&SF Rai l road 

0.08 

0.08 

0.05 AT&SF Rai l road 

0.05 

0.05 

1.00 AT&SF Rai l road 

1.00 

6.08 Flow a t  end o f  

d i ke  along Happy 

Val 1 ey  Road. 



CONCENTRATION 

POINT NOS. 

2-YR 5-YR 10-YR 50-YR 100-YR BASIN LOCATION 

STATION (CFS) (CFS) (CFS) (CFS) (CFS) AREA REMARKS 

I n f l o w  492. 948. 1276. 1945. 2227. 31.36 Flow through 

Out f low 488. 948. 1275. 1945. 2227. 31.36 f i r s t  siphon eas t  

o f  Grand Avenue on 

Beardsley Canal. 

844. 1921. 2613. 4279. 5087. 304.92 Flow a t  end o f  

McMicken Dam 

O u t l e t  Channel. 

I n f l o w  357. 864. 1259. 2201. 2718. 9.34 Flow through 

Out f low 349. 811. 1164. 2201. 2718. 9.34 second siphon eas t  

o f  Grand Avenue on 

Beardsley Canal. 

161. 379. 540. 940. 1122. 2.29 Flow through 

breach i n  d i k e  

nor theas t  o f  Lake 

Bonita.  



CONCENTRATION 

POINT NOS. STAT I ON 

I n f l o w  

Out f low 

I n f l o w  

Out f low 

5-YR 

( CFS 

496. 
441. 

371. 

104. 

1444. 

1418. 

1262. 

775. 

115. 

237. 

338. 

54. 

2074. 

2131. 

BASIN 

AREA 

3.07 
3.07 

1.31 

0.90 

10.19 

10.19 

8.72 

4.61 

0.82 

2.48 

4.09 

0.59 

318.13 

322.99 

LOCATION 

REMARKS 

Flow over 
s p i l l w a y  sec t i on  

o f  Lake Bonita.  

Flow through 

t h i r d  siphon east  

o f  Grand Avenue on 

Beardsley Canal. 

Flow from McMicken 

Dam Wash i n t o  Agua 

F r i a  River .  





Reference Mark 
Number 

R.M. 1 

R.M. 2 

R.M. 3 

R.M. 4 

R.M. 5 

R.M. 6 

R.M. 7 

R.M. 8 

R.M. 9 

WITTMANN REFERENCE MARKS 

Desc r ip t i on  

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 40. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 65. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 90. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 115. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 140. 

Brass Cap i n  Concrete, Beardsley Road and 

Cactus Road, Stamped M265. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stazped 165. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dan, Stamped 190. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 215. 

Map 
Locat ion E levat ion  

Pub 

1360.94 

Pub 

1361.36 

Pub 

1361.27 

Pub 

1361 ..38 

Pub 

1361.34 

Pub 

1326.20 

Pub 

l?F1.27 

Pub 

1360.98 

Pub 

1361.05 



WITTMANN REFERENCE MARKS 

E leva t i on  

Pub 

1360.89 

Pub 

1361.25 

1327.60 

1327.53 

1361.02 

1360.88 

1360.98 

1332.86 

1361.09 

Map 
Locat ion 

MC-14 

MC-14 

MC-14 

MC-13 

MC-13 

MC-13 

MC-13, 

i-1'2 

MC-13, 

T-12 

MC-13, 

T-12 

Reference Mark 
Number 

R.M. 10 

R.M. 11 

R.M. 12 

R.M. 13 

R.M. 14 

R.M. 15 

R.M. 16 

R.M. 17 

R.M. 18 

Desc r ip t i on  

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 240. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 265. 

Brass Cap i n  Headwall , Beards1 ey Canal & 

Waddell Road, Stamped K475. 

Brass Cap i n  Top o f  Concrete Post. 

Beardsley Canal & B e l l  Road, Stamped 0265. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 290. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 315. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 340. 

Brass Cap i n  Concrete Headwall , Beards1 ey 

Canal & Union H i l l s  Drive, Stamped R265. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 365. 
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Reference Mark 
Number 

R.M. 19 

R.M. 20 

R.M. 21 

R.M. 22 

R.M. 23 

R.M. 24 

R.M. 25 

R.M. 26 

Desc r ip t i on  

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 390. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 415. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 440. 

5/8-Inch Copper Coated Rod Encased i n  a 5- 

Inch  I r o n  Pipe, Beardsley Canal a t  Cotton 

Lane, Stamped L366. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 465. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 490. 

Brass Cap i n  Concrete on Top o f  McMicken 

Dam, Stamped 500. 

Brass Cap Set i n  the  Top o f  the  East End 

o f  t h e  South Wall o f  t h e  Concrete Sp i l lway  

a t  the  McMicken Dam O u t l e t  Structure,  

Stamped H366. 

Ma P 
Locat ion 

MC-13 

MC-13 

MC-19 

MC-19 

MC-19 

MC-19 

MC-19 

MC-19 

E leva t i on  

Pub. 

1360.83 

Pub. 

1361.16 

Pub. 

1361.57 

1334.41 

Pub. 

1361.25 

Pub. 

1361.21 

Pus. 
1361.45 

Pub. 

1339.78 



Reference Mark 
Number 

R.M. 27 

R.M. 28 

R.M. 29 

R.M. 30 

R.M. 31 

R.M. 32 

R.M. 33 

R.M. 34 

WITTMANN REFERENCE MARKS 

Desc r ip t i on  

Brass Cap on Top o f  Pipe, Sect ion Corner 

F ind  Set Rebar w i t h  Yellow Cap, Sect ion 

F ind  Set Rebar w i t h  Yellow Cap, 1/4 Corner 

13118. 

F ind  Set Rebar w i t h  Yellow Cap, Sect ion 

Brass Cap on Top o f  Pipe, 1/4 Corner 1217 

Brass Cap on Top o f  Pipe, Sect ion Corner 

36131. 

Brass Disk a t  CAP S t a t i o n  801+77.63, 125' 

South o f  Center l ine  on R.O.W. 

Brass Disk a t  CAP S t a t i o n  790+99.52, 125' 

South o f  Center l ine  on R.O.W. 

Map 
Locat ion  

Pub. 

1547.809 
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Reference Mark 
Number Desc r ip t i on  

R.M. 35 

R.M. 36 

R.M. 37 

R.M. 38 

R.M. 39 

Brass Disk a t  CAP S ta t i on  766+42.02, 196' 

South o f  Center l ine  on R.O.W. 

Brass Disk a t  CAP S t a t i o n  725+99.33, 125' 

South o f  Center l ine  on R.O.W. 

Brass Disk a t  CAP S t a t i o n  699+99.94, 125' 

South o f  Center l ine  on R.O.W. 

1574 (U.S.G.S. ) .-- 10.4 m i l e s  southwest 

a long t h e  Atchison, Topeka & Santa Fe 

Railway from Hot Springs Junct ion, 

Maricopa County, 3.0 m i l es  southeast o f  

the  s i d i n g  a t  Wittmann, between the  highway 

and t h e  r a i l r o a d ,  and 60 f e e t  southwest o f  

t h e  c e n t e r l i n e  o f  the  t rack .  A Uni ted 

States Geological Survey standard cap, 

stamped "1574 PHNX" and r i v i t e d  on t h e  

t o p  o f  a 3-1/2-inch i r o n  pipe. 

Brass Cap on Top o f  Pipe, 1/4 Corner 14 13 I 

Ma P 
Locat ion 

PC-1 

PC-I 

PC-1 

PC-1 

MC-5, 

T-5 

MC-5, 

T-5 

I 

Eleva t i on  1 
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Elevat ion  

1466.60 

1513.53 

1509.51 

1526.29 

1511.84 

1500.81 

Pub. 

1551.363 

Pub. 

1542.344 

Map 
Location 

MC-5 

T-7 

MC-5 

MC-5 

MC-4 

MC-4, 

T-3 

MC-4. 

T-3 

MC-4, 

T - l  

MC-4, 

T-2 

Reference Mark 
Number 

R.M. 41 

R.M. 42 

R.M. 43 

R.M. 44 

R.M. 45 

R.M. 46 

R.M. 47 

R.M. 48 

Descr ipt ion 

F ind  Rebar, 114 Corner 23124 

Brass Cap on Top o f  Pipe, 114 Corner 15114 

Brass Cap on Top o f  Pipe, 114 Corner 22123 

Rebar on Section Corner 2 1 

X+G 

Brass Cap on Top o f  Pipe, 1/4 Corner 11112 

Brass Cap on Top of Pipe, Sect ion Corner * 
Brass Disk a t  Cap S ta t ion  598+99.65 175' 

South o f  Center l ine on ROW 

REACH 8 

Brass Disk a t  Cap S ta t ion  559+Q9.95 125' 

South o f  Center l ine on ROW. 

REACH 8 
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Reference Mark 
Number Desc r ip t i on  

R.M. 49 Brass Disk a t  Cap S t a t i o n  679+99.93 125' 

South o f  Center l ine  on ROW. 

REACH 8 

R.M. 50 Brass Disk a t  Cap S ta t i on  659+47.64 125' 

South o f  Center l ine  on ROW. 

REACH 8 

R.M. 51 Brass Disk a t  Cap S t a t i o n  630t98.76 

114.35' South o f  Center l ine  on ROW. 

REACH 8 

R.M. 52 Brass Disk a t  Cap S t a t i o n  529+99.88 125' 

South o f  Center l ine  on ROW. 

REACH 8 

R.M. 53 Brass Disk a t  Cap S t a t i o n  499t68.77 125' 

South o f  Cen te r l i ne  on ROW. 

REACH 8 

R.M. 54 Brass Disk a t  CAP S t a t i o n  474+00.24 125' 

South o f  Cen te r l i ne  on ROW. 

REACH 8 

Map 
Locat ion  

MC-3 

MC-3 

MC-3 

MC-1 

M C - I  

MC-2 

E leva t i on  --i 
Pub. 

1541.191 

Pub. 

1546.767 

Pub. 

Pub. 

1541.884 

Pub. 

1533.554 



Reference Marl 
Number 

WITTMANN REFERENCE MARKS 

Descr ip t ion  

Brass Disk a t  CAP S ta t i on  451+98.91 125' 

South o f  Center l ine  on ROW. 

REACH 8 

Brass Disk a t  CAP Sta t ion  422+99.50 125' 

South o f  Centerl  i n e  on ROW. 

REACH 8 

Brass Disk a t  CAP S ta t i on  28+93.07 125' 

South o f  Centerl  i n e  on ROW. 

REACH 9 

Brass Disk a t  CAP S ta t i on  44+99.97 125' 

South o f  Center l ine  on ROW. 

REACH 9 

Brass Disk a t  CAP S ta t i on  69+00.92 125' 

South o f  Center l ine  on ROW. 

REACH 9 

Brass Disk a t  CAP S ta t i on  95+00.14 125' 

South o f  Center l ine  on ROW. 

REACH 9 

Locat ion E leva t ion  "' 
Mc-2 I Pub 

1539.544 

MC-2 Pub 

1545.923 

MC-10, Pub 

6-3 1544.095 

MC-10, Pub 

6-3 1540.343 

MC-10 Pub 

1538.874 

MC-10 Pub 

1540.570 
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Reference Ma1 
Number 

R.M. 61 

R.M. 62 

R.M. 63 

I 

Descrip t ion  

Brass Disk a t  CAP S ta t i on  119+00 125' 

South o f  Center l ine  on ROW. 

REACH 9 

RV 99 (A.T.&S.F.Ry. 1 .-- 7.9 m i les  northwest 

a long the  Atchison, Topeka & Santa Fe 

Railway from Beards1 ey, Maricopa County, 

northwest o f  mi lepos t  162, nor theast  o f  the  

t rack ,  a t  c u l v e r t  162, and i n  the  top  o f  the 

concrete head wa l l .  A standard Monel-metal 

r i v e t .  

RV 98 (A.T.&S.F.Ry. 1 .-- 6.6 m i les  northwest 

a long the  Atchison, Topeka & Santa Fe 

Railway from Beardslex, Maricopa County, 

northwest o f  mi lepos t  163, a t  the  southwest 

end o f  t r e s t l e  A 163, on t o p  o f  the  s h e l f  o f  

t h e  concrete wing wa l l ,  and 12 f e e t  south- 

west o f  t h e  center  l i n e  o f  t h e  t rack.  A 

standard Monel -metal r i v e t .  
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Reference Mark 
Number Descr ip t ion  

R.M. 64 

R.M. 65 

R.M. 66 

R.M. 67 

A 24.-- 5.5 mi les  northwest along the  

Atchison, Topeka & Santa Fe Railway from 

Beardsley, Maricopa County, 2.0 mi les 

northwest o f  Mountain View, 250 f e e t  west 

o f  mi lepost  164, between the  highway and 

the  r a i l r o a d ,  180 f e e t  eas t  o f  a highway 

c u l v e r t ,  and 60 f e e t  southwest o f  the 

c e n t e r l i n e  o f  the  t rack.  A standard d isk,  

stamped "A 24 1933" and s e t  i n  the  top o f  a 

concrete post. NOTE.--This bench mark was 

used as reference mark No. 2 f o r  t r i angu la -  

t i o n  s t a t i o n  Beardsley. Recorded as des- 

c r i b e d  - Date 1956. 

Brass Disk a t  CAP S ta t i on  138+08.80 125' 

South o f  Center l ine  on ROW. 

REACH 9 

Brass Disk a t  CAP S ta t i on  169+06.33 125' 

South o f  Center l ine  on ROW 

REACH 9 

Brass Disk a t  CAP S t a t i o n  190+00 125' 

South o f  Center l ine  on ROW 

REACH 9 



Number 

R.M. 68 

R.M. 69 

WITTMANN REFERENCE MARKS 

Brass Disk a t  CAP Sta t ion 209+98.01 125' 

South o f  Center l ine on ROW 

REACH 9 

Descr ipt ion 

Brass Disk a t  CAP S ta t ion  228+92.10 125' 

South o f  Center l ine on ROW 

REACH 9 

Map 
Location 

Brass Disk a t  CAP S ta t ion  260+87.31 125' 

South o f  Center l ine on ROW 

REACH 9 

Brass Disk a t  CAP S ta t ion  289+07.38 125' 

South o f  Center l ine on ROW 

REACH 9 

Brass Disk a t  CAP S ta t ion  348+50.00 125' 

South o f  Center l ine on ROW 

REACH 9 

Brass Disk a t  CAP S ta t ion  321+72.80 125' 

South o f  Center l ine on ROW 

REACH 9 

Elevat ion -4 

MC-20 

Pub. 

1542.723 

Pub. 

1533.70 

Pub. 

1537.14 

Pub. 

1536.93 

I 
Pub. 

1528.60 
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Reference Mark 
Number Descr ip t ion  

R.M. 81 

R.M. 82 

About 7.0 m i les  northwest along U.S. 

.Highways 60, 70 and 89 and State Highway 

93 from the  post  o f f i c e  a t  E l  Mirage, 

thence 4.32 mi les  nor theast  along Canal 

Road which p a r a l l e l s  the  southeast s ide 

o f  the  Beardsley Canal, i n  Sect ion 3, 

T4N, RlW, 31 f e e t  southeast o f  the  

c e n t e r l i n e  o f  the  road, 3 f e e t  nor theast  

o f  a telephone pole, i n  l i n e  w i t h  a row 

o f  poles, 2.6 f e e t  southwest o f  a 4x4 i n c h  

wooden witness post, about 3 f e e t  below 

the  l e v e l  o f  the  road, and s e t  i n  the  top 

of a concrete post. Stamped A266 1948. 

About 7.0 m i les  northwest along U.S. 

Highways 60, 70 and 89 and Sta te  Highway 

93 from the  post  o f f i c e  a t  E l  Mirage, 

thence 3.3 mi les  nor theast  along Canal 

Road which p a r a l l e l s  the southeast s ide o f  

t he  c e n t e r l i n e  o f  a wash, 30 f e e t  southeast 

o f  t he  c e n t e r l i n e  o f  the  road, 10 f e e t  

southwest o f  a telephone pole, i n  l i n e  w i t h  

a row o f  poles, 1.4 f e e t  nor theast  of a 

metal wi tness post, and on the  top o f  a 5/8- 

i nch  copper coated rod t h a t  i s  d r iven t o  a 

depth o f  8 f e e t  and i s  encased i n  a 5-inch 

i r o n  p ipe  which p ro jec ts  12 inches. Stamped 

0366 1967. 

Map 
Locat ion E leva t ion  

MC-26 Pub. 

1340.15 

MC-26 Pub. 

1339.73 

I I 
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Reference Mark 
Number 

R.M. 85 

Map 
Locat ion 

MC-23, 

6-4 

Desc r ip t i on  

About 7.0 m i l e s  northwest a long U.S. 

Highways 60, 70 and 89 and Sta te  Highway 

93 from t h e  pos t  o f f i c e  a t  E l  Mirage, 

thence 0.7 m i l e  nor theast  along Canal 

Road which para1 l e l  s the  southwest s ide  

o f  the  Beardsley Canal, i n  Sect ion 18, T4N, 

RlW, 0.15 m i l e  southwest o f  a farmhouse, 

25 f e e t  southeast o f  the c e n t e r l i n e  o f  Canal 

Road, 27-1/2 fee t  northwest o f  a power po le  

which i s  braced by a guy wire, 19 f e e t  

nor theas t  o f  t h e  more no r theas te r l y  o f  two 

poles which bears a p l a t f o r m  support ing 

a transformer, s e t  i n  t h e  t o p  o f  the  eas t  

corner  o f  a concrete p l a t f o r m  which i s  

poured around an abandoned and capped w e l l  

casing, and about 2-1/2 f e e t  below t h e  

l e v e l  o f  t h e  road. Stamped N366 1967. 

E leva t i on  

Pub. 

1337.95 

- 



Reference Ma 
Number 

R.M. 86 

WITTMANN REFERENCE MARKS 

-- - 

Descript ion 

About 7.0 miles northwest along U.S. 

Highways 60. 70, and 89 and State Highway 

93 from the post o f f i c e  a t  El Mirage, i n  

Section 13, T4N, R2W, 67 yards west o f  the 

center o f  the in tersect ion o f  U.S. Highway: 

60, 70 and 89, State Highway 93 and Canal 

Road, 95-1/2 f ee t  southwest o f  the center- 

l i n e  of the highways, 130 fee t  west o f  the 

northwest end o f  the southwest concrete 

head wal l  o f  a cu l ve r t  under the highways, 

18-1/2 f e e t  southeast o f  a power pole which 

i s  braced by a guy wire, 1.7 f ee t  northeast 

o f  a metal witness post, about 1-1/2 fee t  

below the leve l  o f  the highways, and on the 

top o f  a 518-inch copper coated rod tha t  i s  

dr iven t o  a depth of 18 fee t  and i s  encased 

i n  a 5-inch i r o n  pipe which projects 8 

inches. 

Map 
Location Elevation 

Pub. 

1338.96 
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R.M. 90 

R.M. 91 

Map 
Locat ion 

Reference Mark 
Number 

1 R.M. 92 

Descr ip t ion  

RV 96 (A.T.&S.F.Ry.).-- 4.4 mi les  northwest 

along the  Atchison, Topeka & Santa Fe Ra i l -  

way from Beardsley. Maricopa County, nor th-  

eas t  o f  the  t rack,  a t  c u l v e r t  C 165, and i n  

the  top o f  the concrete head wal l .  A stand- 

a r d  Monel -metal r i v e t .  

1451 (U.S.G.S.).-- 5.4 m i les  northwest along 

the  Atchison, Topeka & Santa Fe Railway from 

Beardsley, Maricopa County, 114 m i l e  nor th-  

west o f  mi lepost  164. between the  highway 

and r a i l r o a d ,  and 75 f e e t  southwest o f  the  

c e n t e r l i n e  o f  the  t rack.  A Uni ted States 

Geological Survey standard cap, stamped 

"1451 PHNX" and r i v e t e d  on the  top o f  a 3- 

1/2 i n c h  i r o n  pipe. 

RV 97 (A.T.&S.F.Ry.).-- 5.8 m i les  northwest 

along the  Atchison, Topeka & Santa Fe Ra i l -  

way from Beardsley, Maricopa County, nor th-  

west o f  mi lepost  164, nor theast  o f  the 

t rack ,  a t  c u l v e r t  B 164, and i n  the  top o f  

t he  concrete headwall. A standard Monel- 

metal r i v e t .  

E levat ion  

1411.73 

(Pub. 

1412.359) i 
1450.75 

(Pub. 

1450.827) 
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I Reference Mar 
Number 

R.M. 93 

R.M. 94 

Descript ion 

I 
I 

9.6 miles southeast along the Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, Maricopa County, 2.2 miles north- 

east o f  the s id ing a t  Wittmann, 96 fee t  

southwest o f  milepost 160, between the high- 

way and the ra i l road,  and 60 feet  southwest 

o f  the center l ine o f  the track. A standard 

disk stamped "C 24 1933" and set i n  the top 

o f  a concrete post. 

9.0 mi les southeast along the Atchison 

Topeka & Santa Fe Railway from Hot Springs 

Junction, northwest o f  milepost 160, north- 

east o f  the track, a t  cu l ve r t  A 160, and i n  

the top o f  the concrete headwall. A stan- 

dard Monel -metal r i v e t .  

7.9 mi les southeast along the Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, northwest o f  milepost 159, 

opposite bridge A 159, a t  a highway bridge 

and i n  the top o f  the east concrete wind 

wall .  A standard Monel -metal r i ve t .  

Ma P 
Location Elevation II.l 

1606.36 

(Pub. 

1606.496 
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Reference Mark 
Number Descr ip t ion  

R.M. 96 7.8 m i l e s  southeast along the  Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, a t  Wittmann, 600 f e e t  southeast 

o f  mi lepost  158, 450 f e e t  southeast of t he  

southeast swi tch  block, a t  b r idge A159, i n  

the  top o f  t he  northwest concrete abutment, 

and 10 f e e t  southwest o f  the cen te r l i ne  o f  

t he  t rack.  A standard disk, stamped "D 24 

1933." 

R.M. 97 7.4 m i les  southeast along the  Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junct ion, a t  the  s i d i n g  a t  Wittmann, 450 

f e e t  northwest o f  the  s t a t i o n  booth, 200 

f e e t  northwest o f  c u l v e r t  E 158, and 75 

R.M. 98 

f e e t  nor theast  o f  the  c e n t e r l i n e  o f  t he  

t rack.  A Uni ted States Geological Survey 

standard cap, stamped "1697 PHNX" and 

r i v e t e d  on the  top o f  a 3-1/2" i r o n  pipe. 

5.7 m i l e s  southeast along the  Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, northwest o f  mi lepost  157, a t  the  

southeast end o f  b r idge Aa 157, southwest 

o f  the  t rack ,  and i n  the top o f  the  

concrete parapet wal l .  A standard Monel- 

metal r i v e t .  

1695.85 

(Pub. 

1767.66 

(Pub. 

1767.674) 
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Reference Marl 
Number 

R.M. 99 

R.M. 100 

R.M. 101 

Descript ion 

5.4 miles southeast along the Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, 600 fee t  northwest o f  milepost 

156, a t  cu l ve r t  G 156, and i n  the top of 

the southwest concrete headwall. A 

standard disk, stamped "E 24 1933." 

4.6 mi les southeast along the Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, northwest o f  milepost 156, a t  

c u l v e r t  A 156, and i n  the top o f  the 

northeast concrete headwall. A standard 

Monel -metal r i ve t .  

3.7 mi les southeast along the Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junction, 0.2 mi le  southeast o f  milepost 

154, near Big Chief store, a t  cu lver t  B 

155, and i n  the top o f  the southwest con- 

c re te  headwall. A standard disk, stamped 

F 24 1933." 

Map 
Location Elevation I 

Pub. 

1781.529 

1823.13 

(Pub. 

1823.074) 
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Reference Mark 
Number Descr ip t ion  

3.6 m i l e s  southeast along the  Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junct ion,  northwest o f  mi lepost  155, a t  

c u l v e r t  A 155, and i n  the  top o f  the nor th-  

eas t  concrete headwall. A standard Monel- 

metal r i v e t .  

3.4 m i l e s  southeast along the  Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junct ion, 0.2 m i l e  northwest o f  mi lepost  

154, 0.2 m i l e  northwest o f  B i g  Chief  s tore,  

between the  highway and the  ra i l road ,  and 

50 f e e t  southwest o f  t he  c e n t e r l i n e  o f  t h e  

t rack .  A Uni ted States Geological Survey 

standard cap, stamped "1883 PHNX" and 

r i v e t e d  on the  top  o f  a 3-1/2-inch i r o n  

pipe. 

2.7 m i l e s  southeast along the  Atchison, 

Topeka & Santa Fe Railway from Hot Springs 

Junct ion,  northwest o f  mi lepost  154, a t  

c u l v e r t  A 154, and i n  the  top  o f  the  nor th-  

eas t  concrete headwall. A standard Monel- 

metal r i v e t .  
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Reference Ma 
Number 

R.M. 119 

R.M. 120 

R.M. 121 

R.M. 122 

R.M. 123 

R.M. 124 

R.M. 125 

WITTMANN REFERENCE MARKS 

Desc r ip t i on  

Brass Cap Top o f  Headwall R t .  Sta. 290+10 

Brass Cap Top o f  Headwall R t .  Sta. 297+80 

Brass Cap Top of Headwall R t .  Sta. 322+43 

Brass Cap Top o f  Headwall R t .  Sta. 333+13 

Brass Cap Top o f  Headwall R t .  Sta. 360+23 

Brass Cap Top o f  Headwall R t .  Sta. 383+85 

Brass Cap Top o f  Headwall R t .  Sta. 392t40 

Locat ion E leva t i on  

(Pub. 

2048.27) 1 
Pub. I 

2043.84 

2022.70 

(Pub. 

2022.63) 

Pub. 

2019.71 

2004.11 

(Pub. 

2004.06 ) 

1996.11 

(Pub. 

1996.04) 

MH-2 1993.46 1 
(Pub. 

1993.40) 
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Reference Mark 
Number 

R.M. 126 

R.M. 127 

R.M. 128 

R.M. 129 

R.M. 130 

R.M. 131 

R.M. 132 

R.M. 133 

E levat ion  

1982.14 

(Pub. 

1982.141 

Pub. 

1963.87 

1978.63 

(Pub. 

1978.54) 

Pub. 

1978.00 

1987.91 

(Pub. 

1987.85) 

Pub. 

1982.45 

Pub. 

1967.42 

Pub. 

1969.03 

Descr ip t ion  

Brass Cap Top o f  Headwall Rt. Sta. 414t50 

Brass Cap Top o f  Headwall R t .  Sta. 4 3 9 6 0  

Brass Cap Top o f  Headwall R t .  Sta. 460+59 

Brass Cap Top o f  Headwall R t .  Sta. 476t59 

Brass Cap Top of Headwall Rt. Sta. 484t30 

Brass Cap Top of Headwall R t .  Sta. 500t00 

Brass Cap Top o f  Headwall Rt. Sta. 538+70 

Brass Cap 100 f e e t  Rt. i n  ROW Sta. 555t43 

Map 
Locat ion 

MH-2 

MH-2 

MH-2 

MH-2 

MH-2 

MH-2 

MH-2 

MH-2 



WITTMANN REFERENCE MARKS 

Elevat ion 

Pub. 

1951.57 

Pub. 
I 

1921.97 

Pub. 

1916.14 

1906.16 

(Pub. 

1907.40) 

1866.70 

(Pub. 

1867.94) 

Pub. 

1858.53 

Pub. 

1839.83 / 
I 
I 1860.14 

Reference Mark 
Number 

R.M. 134 

R.M. 135 

R.M. 136 

R.M. 137 

R.M. 138 

R.M. 139 

R.M. 140 

R.M. 141 

Descr ipt ion 

Brass Cap Top o f  Headwall L t .  Sta. 572+46 

Brass Cap Top o f  Headwall L t .  Sta. 592+98 

Brass Cap Top o f  Headwall L t .  Sta. 607+30 

Brass Cap Top o f  Headwall L t .  Sta. 620+35 

Brass Cap Top o f  Headwall L t .  Sta. 654+50 

Brass Cap 100 f e e t  R t .  i n  ROW Sta. 675+00 

Brass Cap Top o f  Headwall L t .  Sta. 709+40 

Brass Cap Top o f  Headwall L t .  Sta. 734+07 

Map 
Location 

MH-2 

MH-2 

MH-2 

MH-3 

MH-3 

MH-3 

MH-3 

MH-3 
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L 

Reference Mark 
Number 

R.M. 151 

R.M. 152 

R.M. 153 

R.M. 154 

R.M. 155 

R.M. 156 

R.M. 157 

R.M. 158 

R.M. 159 

R.M. 160 

R.M. 161 

Desc r ip t i on  

Rebar a t  PP-1004 Near 1/4 Corner 2 - 
11 

Rebar a t  PP-1025 

Rebar a t  PP-1018 

Rebar a t  PP-1028 

Rebar a t  PP-1027 

Rebar a t  PP-1019 Near Sect ion Corner 23 14 -4 
Rebar a t  PP-1019A Near 1/4 Corner 23 

7 

14 

Rebar a t  PP-1026 Near Center o f  Sect ion 14 

Rebar a t  PP-1023 Near Sect ion Corner 26 25 .+ 
Rebar a t  PP-1030 Near 1/4 Corner 26 25 I 
Rebar a t  PP-1021 

Map 
Locat ion 

M-1 & 

MC-26 

M-2 

M-2 

M-2 

M-2 

M-2 

M-2 

M-2 

M-3 

M-3 

M-3 

E levat ion  

1314.21 

1280.29 

1270.45 

1256.92 

1242.91 

1258.61 

1259.69 

1271.98 

1202.45 
I 

1221.72 

1231.31 
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Reference Mark 
Number 

R.M. 162 

R.M. 163 

R.M. 164 

R.M. 165 

R.M. 166 

R.M. 167 

R.M. 168 

R.M. 169 

R.M. 170 

R.M. 171 

R.M. 172 

Descr ip t ion  

Rebar a t  PP-1020 

Rebar a t  PP-1010 

Rebar a t  PP-1011 

Rebar a t  PP-1507 Near Sect ion Corner 30 29 ,+ 
Rebar a t  PP-1007 Near Sect ion Corner 32 33 7ta 
Rebar a t  PP-1008 

Rebar a t  PP-1001 Near Sect ion Corner 8 9 -4 
Rebar a t  PP-1500 

Rebar a t  PP-1013 Near 1/1 Corner 22123 

Rebar a t  PP-1503 

Brass Cap on Steel  Post a t  PP-1505 Sect ion 

Map 
Location 

M-3 

MC-20 

MC-20 

MC-21 

MC-21 

MC-21 

MC-22 

MC-22 

MC-24 

MC-24 & 

MC-25 

MC-24 & 

MC-25 

E levat ion  

1240.79 

1552.43 1 
1538.91 

1451.83 

1391.17 

1425.08 

1318.47 

1365.09 

1517.30 

1433.75 

BC 1454.56 

G r  1453.41 
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APPENDIX E 

Capacity Table For Ra i l r oad  Cu lve r t s  

Concentrat ion Cu lve r t  C u l v e r t  100-Year 
Po in t  S ize & Type* Capaci ty  (c fs ) * *  In f low***(c fs)  

C6 

C7 

C8 

C9 

C10 (Iona Wash) 

4 - 30" CMP 
1 - 24" CMP 

6 'x  4 '  BC 

50"x 30" CMPA 

48" CMP 

48'' CMP 
4 ' x  4 '  BC 

36" CMP 

48' Oval RCP 

36" RCP 

2 'x  4 '  BC 

168' Br idge 
7 '  Opening 

2 'x  1.5' BC 

34"x 36" Oval RCPA 

2 - 42" RCP 

4 ' x  4 '  CPA 
2 'x  1.5' BC 

24" RCP 
36"x 42" Oval RCPA 

42" Oval RCP 

2 ' x  1.5' BC 
24" RCP 
36" RCP 

36" RCP 



2'x  1' BC 
36"x 42" Oval RCPA 70 

2 - 10 'x  4' BC 460 198 

24" Oval RCP 17 8 

48" Oval RCP 23 5 1 

C26 ( T r i l b y  Wash) 237' Br idge 
4 '  Opening 

C27 3 ' x  2.5' BC 
36" Oval RCP 24 53 

C28 36"x 42" Oval RCPA 60 188 

C29 36" Oval RCP 24 102 

C30 48" Oval RCP 100 69 

C31 2 - 3 ' ~  4 '  BC 222 288 

C32 42" Oval RCP 40 66 I 
24" Oval RCP 
24" Oval RCP 

36" Oval RCP 80 

36"x 42" Oval RCPA 100 

24" Oval RCP 
84'  Br idge 
5'  Opening 2960 

70' Br idge 
5'  Opening 

170' Br idge 
3 '  Opening 

56' Br idge 
7 '  Opening 



Concentrat ion Cu lve r t  Cu lve r t  100-Year 

Po in t  Size & Type* Capacity (c fs)**  I n f l o w * * * ( c f s ~  

C l l l  

C112 

2 - 30" RCP 
3 - 1 0 ' ~  10' BC 

126' Br idge 
4.5' Opening 

3 - 10'x  5 '  BC 

42" Oval RCP 

3 - 1 0 ' ~  3.5' BC 

10 - 1 0 ' ~  3 '  BC 

4 - l l ' x  4.5' BC 

2 - 48 CIP 

2 - 36" RCP 2 168 

84' Br idge 
4 '  Opening 1120 614 

69' Br idge 
4 '  Opening 

36" Oval RCP 15 

36" Oval RCP 12 

2 - 36" CMP 70 

* Abbreviat ions: CMP - Corrugated Metal Pipe 

BC - Box Cu lver t  

CMPA - Corrugated Metal Pipe Arch 

Oval RCP - Oval Reinforced Concrete Pipe 

RCP - Reinforced Concrete Pipe 

Oval RCPA - Oval Reinforced Concrete Pipe Arch 

CIP - Concrete Incased Steel Pipe 

** The c u l v e r t  capac i t y  i s  based on the h ighest  discharge possible, 

w i thou t  any d i ve rs ion  along o r  f l ow  over the  r a i l r o a d .  I n  most 

cases, i f  the  c u l v e r t  capaci ty  i s  exceeded, the excess f lows w i l l  

cont inue southeaster ly  along the  r a i l r o a d .  

*** Does no t  inc lude any a t tenuat ion  due t o  storage behind cu l ve r t s .  


