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HYDROLOGY REPORT 

SOLS WASH 

TOWN OF WICKENBURG 

The purpose o f  t h i s  sur face water hydrology r e p o r t  i s  t o  generate f l o o d  

peak discharges f o r  Sols Wash a t  i t s  conf luence w i t h  the  Hassayampa River.  

The o b j e c t i v e s  o f  t h i s  r e p o r t  are: 1)  t o  present  the  bas ic  physio- 

graphic and hyd ro log ic  c h a r a c t e r i s t i c s  o f  the  study area; 2 )  t o  document 

the  methods used i n  t h e  hyd ro log ic  ana lys i s  and; 3) to  present  discharge 

frequency values f o r  e x i s t i n g  cond i t ions .  

I .  BACKGROUND 

Present ly  the re  e x i s t s  an author ized Flood lnsurance Study f o r  the  Town 

o f  Wickenburg. Th is  study was completed i n  October 1976 and pub1 ished 

i n  J u l y  1977. The study ( reference 5) addresses the  f l o o d  p o t e n t i a l  

o f  t he  Hassayampa River ,  Sols Wash and o t h e r  smal le r  f loodprone streams 

w i t h  respect  t o  the  Town o f  Wickenburg. A5 noted i n  the  study, the  d i s -  

charge-frequency r e l a t i o n s h i p s  for  the Hassayampa River  were developed 

using stream f l o w  data for  t h i r t y  (30) years o f  record  a t  stream gage 

95155 located on the  Hassayampa River.  Discharge-frequency values f o r  

Sols Wash, a t r i b u t a r y  o f  t he  Hassayampa River ,  were computed using an 

S-graph de r i ved  f rom r e c o n s t i t u t i o n s  o f  observed f l o o d  events on Indian 

Bend Wash loac ted i n  the  Phoenix-Scottsdale area. Table 1 presents the  

Summary o f  Discharges found i n  the  publ ished Flood Insurance Study. 

This r e p o r t  presents an engineer ing method f o r  c a l c u l a t i n g  discharge- 

freqneucy values f o r  Sols Wash d i f f e r e n t  from t h a t  used i n  the  Flood 

lnsurance Study. Stream f l o w  data fo r  gaging s t a t i o n s  a r e  a v a i l a b l e  

upstream and downstream o f  Sols Wash's conf luence w i t h  the  Hassayampa 

River. Th is  data was used t o  generate discharge-frequency values f o r  

the  two loca t ions  by means of t he  Log-Pearson Type I l l  s t a t i s t i c a l  

ana lys i s  as recommended by the  Federal Emergency Management Agency (FEMA) 

( reference 12). 



I. BACKGROUND (con t ' d )  

Once t h i s  data was obtained, the So i l  Conserva,tion Serv i ce ' s  TR-20 computer 

model ( reference 10) was used t o  reconst ruc t  t he  discharge-frequency 

values based on the  recorded stream flow. The TR-20 inpu t  data consisted 

o f  p r e c i p i t a t i o n  values, drainage subareas, curve numbers and concentrat ion 

times. P r e c i p i t a t i o n  values were i n t e r p o l a t e d  f rom the NOAA A t l a s  

Volume 8 f o r  Ar izona ( reference 4) w i t h  a one day type I I storm d i s t r i -  

b u t i o n  app l i ed  over the  e n t i r e  watershed. Curve numbers were est imated 

from the  Nat ional  Engineering Handbook, Sect ion 4 ( re ference 9) and s o i l s  

maps ( reference 7). Times o f  concent ra t ion  was based upon est imated 

stream v a l o c i t i e s  a t t a i n e d  du r ing  f l o o d  f l o w  rout ings .  Since the TR-20 

program i s  capable o f  modeling i n d i v i d u a l  dra inage areas w i t h  respect 

t o  t h e i r  r u n o f f  c h a r a c t e r i s t i c s ,  i t  was considered tha t ,  i f  the  re-  

cons t ruc t i on  o f  h i s t o r i c a l  events were poss ib le ,  then the  c a l i b r a t i o n  

o f  discharge-frequency values f o r  i n d i v i d u a l  dra inage areas (e. g. Sols 

Wash) would be the  r e s u l t  o f  t he  analys is .  

I l l .  GENERAL DESCRIPTION OF DRAINAGE AREA 

Physiography and Topography: 

The Hassayampa River ,  o f  which Sols Wash i s  a t r i b u t a r y ,  i s  t he  p r i n c i p a l  

water course through the  Town o f  Wickenburg. The watershed f o r  t he  Hassay- 

ampa River  i s  located i n  northwestern Maricopa and southern Yavapal 

Counties. The watershed even tua l l y  d ra ins  t o  the  G i l a  River.  Gaging 

s t a t i o n  95155 i s  l coated upstream o f  Wickenburg and has a dra inage area 

o f  approximately 417 square mi les  which i s  cha rac te r i zed  by rugged mountain 

type t e r r a i n  ranging i n  e l e v a t i o n  from about 2,300 f e e t  t o  7,700 fee t ,  

Nat iona l  Geodetic V e r t i c a l  Datum o f  1929. The average stream g rad ien t  

f o r  t h i s  drainage area i s  about 2.6 percent o r  137 f e e t  per mi le.  The 

drainage area c o n t r i b u t i n g  t o  gaging s t a t i o n  95165 c o n s i s t s  o f  a t o t a l  o f  

774 square mi les.  The 357 square m i les  c o n t r i b u t i n g  downstream o f  gaging 

s t a t i o n  95155 c o n s i s t s  o f  m i l d l y  s l o p i n g  deser t  type t e r r a i n  and r o l l i n g  

h i l l s  bordered by a f r i n g e  of  poo r l y  de f ined mountains and f o o t h i l l s .  d 



Physiography and Topography: (cont 'd )  

111 The 
a ~ r e a m  grad ient  lur w a > r l  I S  aoour I . L  percenr o r  o> ree r  per  mi le .  

The average channel s lope o f  t he  Hassayampa River  f r o m  gaging s t a t i o n  

95155 t o  gaging s t a t i o n  95165 i s  0.5 percent o r  24 f e e t  per  mi le .  The 

change i n  channel s lope i s  constant w i t h  the  change o f  topographic 

cond i t ions  o f  the  dra inage area found between gaging s t a t i o n s .  For 

drainage subareas and concen t ra t i on  p o i n t s  ( i d e n t i f i c a t i o n  numbers) 

see Plates 1 and 2. 

Vegetation: 

Vegetat ion v a r i e s  w i t h  l a t i t u d e  and e levat ion .  I n  the  nor thern  p o r t i o n  

o f  the  watershed, which i s  the  mountanous area, heavy f o r e s t  can be 

found w i t h  chaparra l  cover p r e v a i l i n g  as e l e v a t i o n  descend. I n  the  c e n t r a l  

region, chaparral  growth cont inues w i t h  j u n i p e r ,  p a l o  verde, mesquite 

and scrub oak type t rees  e x i s t i n g  among the  shrubs. The southern p o r t i o n  

i s  best charac ter ized by t y p i c a l  desert  t e r r a i n  which i s  sparse and inc ludes 

c a c t i  and o ther  deser t  shrubs. Vegetat ion tends t o  be t h i c k e r  ad jacent  

t o  the  stream courses. Annual grasses occur a f t e r  w i n t e r  ra ins .  

So i ls :  - 
The s o i l s  w i t h i n  the  watershed can genera l l y  be d i v i d e d  i n t o  two types; 

those found on the  g e n t l y  s l o p i n g  p l a i n s  and a l l u v i a l  fans, and those i n  

the mountains and low h i l l s .  The s o i l s  o f  t he  p l a i n s  and a l l u v i a l  fans 

a r e  mostly g rave l l y ,  sandy loams t h a t  range from sha l low t o  very deep 

depending on the s lope o f  t he  topography. I n  the  mountains and h i l l y  

areas, the  s o i l s  a r e  sha l l ow  t o  very shal low, c o n s i s t i n g  o f  very  g r a v e l l y ,  

sandy loams. Rock outc rops o f  g ran i tes  and vo lcan ics  a r e  common through- 

o u t  the  area. Bedrock can o f t e n  be found j u s t  below the  su r face  and i s  

covered w i t h  o n l y  a few cobbles and stones i n  t h e  process o f  d i s i n t e -  

g ra t ion .  

Runoff Charac te r i s t i cs :  

L i t t l e  stream f l o w  occurs i n  the  study area except du r ing  and immediately 

fo l l ow ing  heavy p r e c i p i t a t i o n .  C l ima t i c  and dra inage area c h a r a c t e r i s t i c s  



Runoff Charac te r i s t i cs :  ( con t ' d )  

a r e  not  conducive t o  cont inuous runof f .  Stteam f l o w  increases r a p i d l y  

i n  response t o  e f f e c t i v e  r a i n f a l l .  Base f l o w , i s  n e g l i g i b l e  i n  the  Wicken- 

burg area. Snow me l t  does n o t  add s i g n i f i c a n t  r u n o f f  t o  w i n t e r  f loods.  

S t ruc tures  A f f e c t i n g  Runoff: 

Flood con t ro l  dams have been const ruc ted i n  1976 by the  S o i l  Conservat ion 

Serv ice on both Sunny Cove and Sunset Washes. Both dams a r e  e a r t h f i l l  

s t ruc tu res  w i t h  ungated o u t l e t s  and a r e  designed t o  c o n t r o l  a l l  f lows 

up t o  and i n c l u d i n g  a 100-year f l ood  ( reference 11 ) .  The Sunny Cove 

Dam has a  drainage area o f  1.35 square m i l e s  w h i l e  Sunset Dam has a  

drainage area o f  0.60 square mi les.  The TR-20 computer i npu t  f o r  t h i s  

study does not  account f o r  these s t r u c t u r e s  f o r  th ree reasons. F i r s t ,  

these st ructures,  which c o n t r o l  o n l y  1.95 square m i les  o f  t he  t o t a l  

drainage area, w i l l  have a  very  minimal e f f e c t  a t  gaging s t a t i o n  95165 

where the  s i z e  o f  uncon t ro l l ed  watershed i s  774 square mi les.  Second, 

these s t ruc tu res  do n o t  c o n t r i b u t e  d i r e c t l y  o r  i n d i r e c t l y  t o  Sols Wash, 

the  t r i b u t a r y  be ing analyzed f o r  hydrology i n  t h i s  study. Th i rd ,  the  

m a j o r i t y  o f  t he  h i s t o r i c a l  f l o o d  f lows which have been u t i l i z e d  i n  the  

s t a t i s t i c a l  ana lys i s  t o  e s t a b l i s h  a  discharge-frequency r e l a t i o n s h i p  

a t  gaging s t a t i o n  95165 occurred p r i o r  t o  the  ex is tence o f  these s t r u c -  

tures.  

An e a r t h  embankment cons t ruc ted  across Sols Wash d i r e c t s  f l o w  i n t o  a  

channel leading o u t  o f  t he  dra inage area. Th is  s t r u c t u r e  i s  l oca ted  ad- 

j acen t  t o  Sols Tank and i n t e r c e p t s  a  dra inage area o f  approximately 58 

square m i  les. 

Based on f i e l d  measurements and normal depth c a l c u l a t i o n s ,  i t  i s  expected 

t h a t  a  discharge exceeding 4,000 c f s  w i l l  over top  p o r t i o n s  o f  t h e  s t r u c -  

t u r e  and even tua l l y  c o n t r i b u t e  t o  i t s  f a i l u r e .  The Uni ted Sta tes  Geolo- 

g i c a l  Survey quadrangle map t i t l e d  "Congress SW, Arizona" and dated 1969, 

shows the  ea r th  embankment s t r u c t u r e .  I n q u i r i e s  t o  Maricopa County, 

Yavapai County, SCS, and t h e  Town o f  Wickenburg have f a i l e d  t o  reveal  

t he  p u b l i c  agency o r  f i r m  respons ib le  f o r  i t s  cons t ruc t i on  o r  design 



Struc tures  A f f e c t i n g  Runoff: ( con t ' d )  

s p e c i f i c a t i o n s  f o r  the  s t ruc tu re .  Because o f  t he  many unknowns and 

probable f a i l u r e  o f  the  s t r u c t u r e  i n  a 100-year event, a l l  hyd ro log ic  

computations i n  t h i s  s tudy inc lude t h i s  58 square m i l e  area. 

I V .  HYDROLOGIC ANALYSIS 

Log-Pearson Type I l l  Analys is :  

There e x i s t s  no r u n o f f  data s u i t a b l e  for d e r i v i n g  d i r e c t  discharge- 

frequency r e l a t i o n s h i p s  f o r  Sols Wash. There does, however, e x i s t  

h i s t o r i c  stream gage data f o r  t he  Hassayampa River  upstream and downstream 

o f  the  Sols Wash conf luence. U t i l i z i n g  t h i s  stream gage data a Log- 

Pearson Type I l l  s t a t i s t i c a l  ana lys i s  was performed. T h i r t y - e i g h t  (38) 

years o f  records were i n v e s t i g a t e d  f o r  t h e  upstream stream gage s t a t i o n  

95155 and twenty- f i ve  (25) years o f  records were inves t iga ted f o r  the  

dosntream s t a t i o n  95165. The r e s u l t s  of the  Log-Pearson a n a l y s i s  a r e  

presented i n  Table 1. These r e s u l t s  compare favorab ly  w i t h  the  Flood 

Insurance Study f o r  t he  Town o f  Wickenburg, publ ished i n  J u l y  1977, 

which employed t h i r t y  (30) years o f  record  f o r  stream gage s t a t  i on  95155. 

(see Table 1 ) .  

Watershed Modeling Technique, TR-20: 

Upon having es tab l ished a discharge-frequency r e l a t i o n s h i p  f o r  t h e  Hassay- 

ampa stream gage s ta t i ons ,  SCS TR-20 watershed modeling techniques were 

u t i l i z e d  and a r a i n f a l l / r u n o f f  a n a l y s i s  was performed f o r  t h e  Hassayampa 

River  watershed. I n  t h i s  technique, an at tempt was made t o  recons t ruc t  

discharge-frequency r e l a t i o n s h i p s  which were p rev ious l y  es tab l i shed  by 

the  Log-Pearson s t a t i s t i c a l  ana lys is .  The r e s u l t s  o f  t h i s  r a i n f a l l /  

r u n o f f  ana lys is  were evaluated and curve numbers were ad jus ted as necessary 

i n  t h i s  i t e r a t i v e  r e c o n s t i t u t i o n  process. 

The TR-20 technique produced an extremely c l o s e  recons t ruc t i on  o f  the  d i s -  

charge-frequency r e l a t i o n s h i p  f o r  upstream s t a t i o n  95155. The technique, 

however, produced discharge-frequency r e l a t i o n s h i p s  w i t h  cons is ten t  h igher  

peaks fo r  the downstream s t a t i o n  95165. The cons is ten t  h igher  peaks appears 

t o  be a r e s u l t  o f  techniques c a p a b i l i t y  1 i m i t a t i o n .  The TR-20 program 
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Watershed Modeling Technique, TR-20: (cont 'd )  

i s  n o t  ab le  t o  model i n f i l t r a t i o n  losses which may occur du r ing  the 

r o u t i n g  o f  f l o o d  f lows w i t h i n  a g iven reach. I n  t h i s  ana lys is ,  f o r  instance, 

i n  a reach leng th  o f  approximately 15 mi les ,  f rom s t a t i o n  95155 t o  s t a t i o n  

95165, where the  channel g rad ient  i s  very  f l a t  and the  f l o o d p l a i n  i s  

f a i r l y  wide, the  TR-20 program d i d  n o t  account f o r  any i n f i l t r a t i o n  losses. 

I t  should be noted t h a t  a f l a t  channel g r a d i e n t  and wider  f l o o d p l a i n  

a l lows h igher  i n f i l t r a t i o n  losses. 

Although the  TR-20 computer model was h i g h e r  i n  discharge-frequency 

values f o r  gaging s t a t i o n  95165, the  values assoc ia ted w i t h  Sols Wash 

a re  c o n s i s t e n t l y  lower, except f o r  t he  10-year event,  than those presented 

i n  the  J u l y  1977 Flood Insurance Study ( p l a t e  4). E f f o r t s  were not  under- 

taken t o  manipulate the  computer program t o  d u p l i c a t e  the  s t a t i s t i c a l  

discharge-frequency values. The computer values f o r  Sols Wash a r e  i n  

general agreement w i t h  those presented by SCS. 

On August 17, 1971, a major f l o o d  peak occur red i n  Sols Wash. Based on 

s lope area measurements, SCS est imated a peak d ischarge o f  9,500 c fs .  

USGS a l s o  made s lope area measurements o f  t h i s  f l o w  and e s t i k a t e d  a 

peak discharge o f  10,600 c f s  w i t h  the  measurement be ing ra ted  poor. The 

25-year d ischarge us ing  the  TR-20 program was c a l c u l a t e d  by SCS t o  be 9,750 

c f s  ( ie ference 1 I ) .  A peak d ischarge o f  14,400 c f s  i s  g iven by SCS as 

the  100-year f l o o d  peak f o r  Sols Wash ( re ference 5). These two values 

were p l o t t e d  on p r o b a b i l i t y  paper w i t h  10-year and 50-year values being 

ex t rapo la ted and entered i n t o  Table 1. 

Regression Equations: 

Regression equations were a l s o  used t o  es t imate  the  magnitude and f r e -  

quency o f  f l oods  f o r  t he  Hassayampa R ive r  and Sols Wash ( re ference 8). 

Methods o u t l i n e d  i n  the  Arizona Department o f  t r a n s p o r t a t i o n  Report, 

"ADOT-RS-14 [ I211 F i n a l  Report", were used t o  es t imate  the  f lows f o r  t h e  

lo-,  50-, and 100-year f l o o d  event (see Table 1) .  Compared t o  the  Log- 

Pearson Type I l l  resu l t s ,  t he  r e s u l t s  o f  t h e  regress ion equat ion genera l ly  

varied. For gaging s t a t i o n  95155, t h e  r e s u l t s  a r e  cons iderab ly  lower 



Regression Equations: (cont 'd) 

whi le,  f o r  gaging s t a t i o n  95165, the  r e s u l t s  a r e  h igher  than t h e  Log- 

Pearson r e s u l t s .  Because o f  the  f a i l u r e  t o  c l p s e l y  model r e s u l t s  o f  

the  Log-Pearson Type I l l  ana lys is ,  use o f  t he  regression equat ions f o r  

Sols Wash a re  n o t  supported by t h i s  repo r t .  

V. CONCLUSIONS AND RECOMMENDATIONS 

This repor t  presents a hydro log ic  a n a l y s i s  o f  Sols Wash, a t r i b u t a r y  t o  

the  Hassayampa River ,  i n  the Town o f  Wickenburg t o  determine peak f l o o d  

discharges i n  accordance w i t h  the  Guidel ines o f  t he  Federal Emergency 

Management Agency (FEMA). The r e s u l t s  o f  t h i s  a n a l y s i s  and o t h e r  per- 

t i n e n t  hydro log ic  data developed by the  S o i l  Conservation Serv ice  as 

we l l  as the Corps o f  Engineers i n  p repara t i on  of  t he  1975 Flood Insurance 

Study f o r  Wickenburg have been presented i n  Table I, Summary o f  Discharges. 

The discharge values reported i n  Table 1, compared, show an extremely 

c lose agreement i n  f l o o d  peaks between the  r e s u l t s  o f  t h i s  a n a l y s i s  and 

t h a t  o f  the  SCS study. 

The ana lys is  presented i n  t h i s  r e p o r t  i s  based on e s t a b l i s h i n g  discharge- 

frequency r e l a t i o n s h i p s  f o r  two stream gage s t a t i o n s  on the  Hassayampa 

River  i n  accordance w i t h  FEMA gu ide l ines .  U t i l i z i n g  these r e l a t i o n s h i p s  

as a guide, a r a i n f a l l / r u n o f f  model was c reated t o  r e c o n s t i t u t e  the  same 

discharge-value r e l a t i o n s h i p s .  Th is  model ing requ i red  o p t i m i z a t i o n  of 

hydrologic parameters i n  order  t o  produce the  des i red  r e c o n s t i t u t i o n .  

Through t h i s  process, hydro log ic  parameters of the  e n t i r e  watershed were 

opt imized i n c l u d i n g  those o f -So ls  Wash. I t  is ,  there fore ,  be l i eved  

t h a t  t he  peak discharges f o r  Sols Wash presented i n  t h i s  r e p o r t  a re .  

based on the  " b e s t - f i t "  hydro log ic  parameters and the  r a i n f a l l / r u n o f f  

process which i s  most l i k e l y  t o  occur over  the  Sols Wash watershed. 

Furthermore, the  r e s u l t s  o f  t h i s  a n a l y s i s  compares very favo rab ly  w i t h  

those o f  the  SCS s tudy presented i n  re ference 11. 



I t  i s ,  there fore ,  recommended t h a t  t h e  r e s u l t s  o f  t h i s  s tudy be submitted 

t o  FEMA f o r  t h e i r  review and approval i n  connect ion w i t h  r e v i s i n g  the  

hydrology f o r  Sols Wash and t h a t  p o r t i o n  o f  the  Flood lnsurance Study 

t h a t  i s  a f fec ted .  
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Log-Pearson Type I l l  Computer Input-Output 
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REGRESSION EQUATIONS: CALCULATIONS 



ESTIMATING THE MAGNITUDE AN0 FREQUENCY OF FLOODS 

( ~ e f e r e n c e  8) 

Basis Hydrologic Parameters: 
E P 

A MEAN WATERSHED MEAN ANNUAL 1 
FLOOD FREQUENCY DRAINAGE AREA ELEVATION I N  PRECIPITATION 1 

STREAM REG l ON (sq.mi. ) THOUSANDS I N  INCHES 

Hassayampa River  

@ Gage Sta. 95155 
@ Gage Sta. 95165 

I ,  Sols Wash 

1 above Hassayampa 

River  conf luence 

The f o l l o w i n g  regress ion equations a r e  a p p l i c a b l e  f o r  reg ion 3. 

Qlo= 74.7 A 
.638 -1.0 

P O g 7 1  c f s  



RESULTS OF REGRESSION EQUATIONS 

FLOOD PEAKS IN c f s  

STREAM 10-Year 50-Year 100-Year 

Hassayampa R i v e r  

@ Gage Sta. 95155 
@ Gage Sta. 95165 

Sols Wash 

above Hassayampa 
River  confluence 


