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SUMMARY

Major flood problems exist in urban and in hig hly developed agricul-
tura l areas throug hout the Lower Colorado Region . Floods along the major
streams cause recurrent damage of major proportions by cutting streambanks ,
chang ing the shape and l ocation of channels , and eroding farmlands; inundating
farmlands and urban areas ; and damag i ng and destroy ing irri gation , communica-
t i on , u t il i t y , and transportation facilities .

I n i t i a l l y ,  flood plain lands in the Reg ion were deve l oped for agriculture
because they were near a source of water that was required for irri gation .

Jiowever , low ra i nfal l and infrequent flood occurrence have encouraged the
expansion of urban growth into the flood plains of major streams , which
are dry riost of the time , and onto alluvial fans where stream channels
are inadequate to accommodate even minor flow s and where floodflow s may
take any one of a nurlber of paths .

Esti nat ed ave rage annua l flood damages for the Lower Colorado Reg ion
were about S~;l m i l l i o n  in 136 5 .  The population and economic projections
(tI OD IF IE D OBERS) for the Reg ion indicate that without any further flood
control measures damages ~ioul d increase to S31~ mi l l i o n  by 2020 . Future
d~naqes were determined by projec ting 1965 damages by using growth factors.
Projections used in this appendix were based on the Department of Commerce
O ff ice of I3usine ss Economics and the Departr~cnt of A griculture E conomic
Research Service projections , which were m odified in the Reg ion. Detailed
infor na tion on the population and economic growth projections is contained
in A ppendix IV , Economic Base and P rojections .

Flood plain management is a comp rehens i ve term that embraces the range
of alternatives , including flood control structu res , that can be emp l oyed
to realize an app ropria te use of flood p lains. Prope r flood pla in management
combines app ropriate use with reduced risk , giv ing at the same time conside r-
ation to environmental , social , and economic aspects. Flood damage reduction
may be accomp lished by con t rolling the flow of water or by ola cing con t rols
on the use and development of the flood plains. Al though it is unrealistic
to expect prevention of all floo d damages , the projects in the floo d contro l
program should provide a mi nimum standard of protection . In agricultura l
areas , protect ion from the 10-year flood should be prov i ded , and in urban
areas , protection f rom the 100-year flood should he prov i ded.

Implementation of t~ - flood control program of structura l and non-
structura l measures would effect damage prevention so that rema i n i ng damages
of ~ mi l l i o n  are estinated by the year 2020. The 1966-2020 flood contro l
program would cos t about $91414 m i l l i o n . Incrementa l Costs are estimated
at about $359 mill i o n , $337 mil l i o n , and $2148 m i l l i o n , in the time frames
of 1~)66-l980, 1981-2000 , and 2001-2020 , respectively.
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All plans conside red for the deve l opment of the water and assoc iated
land resources of the Lower Colorado Reg ion w i l l  be based upon the des i re
to satis f y the needs of the people in a time l y fashion. The flood con t ro l
program w i l l  be flexible to permi t adjustment to meet chang ing conditions
and s t i l l  be in consonance with the genera l plan for the Reg ion . A l l pos-
sible means and approaches cons i de red as solut ions to flood related prob lems
w i l l  strive to maintain or enhance the environmenta l quality of the Reg ion .
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GLOSSARY

ACRE-FOOT--A term used in measuring the volume af water , eq u a l  to
the quantity of water required to cover 1 acre I foot in dept h or ~43,56O
cubic feet.

AVERAGE ANNUAL DAMAGES--The we i ght ed av e rage of all damages that would
be expected to occur yearl y under speci fied economic conditions and deve l-
opment. Such damages are computed on the basis of the expectancy in any
one year of the amounts of damage that would result f rom events throug hou t
the full range of potential magnitude .

EROS I ON CONTROL- -The app l i c a t i o n  of necessary measu res to m i n i m i z e
soil eros i on by art i f i c i a l  structu res or vegetative manipu lation .

FLOOD—-A grea t flow along a watercourse or a flow caus ing i nundation
of lands no t normally covered by wa t e r .

FLOOD CONTROL PROGRAM—-Includes future Federa l and non-Fede ra l (struc-
tura l and nonstructura l ) flood contro l and preven tion measures from exis ting
(1965) project conditions to the year 2020.

FLOOD CONTROL RESERVOIR- -Wherein s torage capac ity is specifically
allocated to storing flood waters. Water is stored for a relatively brief
period of time , part of it bein g retained u n t i l  the stream can safel y carry
the ordinary flow p lus the released water. Such reservoirs may or nay
not have outlet control gates for flood regulation .

FLOOD CONTROL STORAGE CAPACITY--T hat part of the gross reservoir capacit y
wh i c h , a t the time unde r conside ration , is reserved for the temporary storage
of floodwaters. It can vary from zero to the entire capacity (exclusive
of dead s torage ) according to a predetermined schedule based upon such
parameters as antecedent preci pitation , reservoir inflow , pote ntial snow-
me l t , or downst ream channe l c a p a c i t i e s .

FLOOD DAMAGES- -All economic losses resulting from a flood .

FLOOD FORECASTING --Forecasting the rive r stage and discharge .

FLOOD PLA IN--Land bordering a stream and which rece i ves overb anL flow .
Al s o see FLOOD.

FLOOD PLAIN , PRIMARY- -Th e  streambed and that portion of the adjacent
f lood p l a i n  through wh ich  the main f l ow  of wa te r  is channe l ize d  dur ing
flood conditions .

FLOOD PLAIN , SECONDARY--The fringe area of the flood plain within
the boundaries of the selected flood which i s  subject to a less seve re
and less frequent inundation than found in the primary flood pl ain.

x
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FLOOD PLAI N INFORMATION REPOR TS--Reports prepared to provide loca l
governmental agencies •.~j i th basic technical data to properly plan for wise
use and deve l opment of the flood p lains .

FLOOD PLAIN MANAGE MENT--Comprehensive flood damage prevention program
wh ich requires integration of all alternative measu res (structura l and
nonstructural) in investi ga tion of flood problems and planning for wise
use of the flood plain.

FLOOD PLA IN REGULATIO N --A general t erm applied to the full  range of
codes , ord inances , and other re gulations relating to the use of land , wa ter ,
and construction within a channe l or flood p lain area.

FLOOD PROOFING--A comb i nation of structura l changes and adjustments
to properties subject to flooding primarily for the reduction of flood
damages .

INSTALLATION COSTS--The value of goods and services necessary for
the establishment of the project , including i n i t i a l  project construction ;
l and , easements , r i gh ts-of-way , and water ri ghts; cap ital outlays to re-
locate facilities or nrevent damages; and all other expenditures for inves-
ti gation and surveys , desi gning, planning, and construct ing a project after
its authorization (excludes interest during construction) .

LAUD TREATMENT AND MANAGEMENT MEASURES --A tIl )age practice , a pa tt ern
of tillage or land use , or land management facili ty improvements to alter
runoff , reduce sediment production , improve use of drainage and irri gation
facilities , or improve plant or animal production .

100-YEAR FLOOD--Represents a flood whose chance of occurrence , based
upon past history, is on ce-in- lOO years . It may , howeve r , occur at any
time and even more than once in a year .

O P E R A T I O N , MAINTENANCE , AND REPLACEMENT COSTS (OM&R)--The va l ue of
goods and services needed to operate a constructed project and make repairs
and replacements necessary to maintain the project in a sound operating
condition during its economic life .

RESIDUAL AVERAGE ANNUAL FLOOD DAMAGES--Those flood damages which are
not prevented by the f lood control p rogram .

STANDARD PROJECT FLOOD (S.P .Fj--A hypothetical flood represen tin g
the critica l vo l ume and peak discharge that may be expected from the most
severe combination of meteorolog ic and hyd rolog ic condition reasonabl y
characteristic of the geographical reg ion exc l uding extraord i narily rare
comb i n a t i o n s .

xi
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INTRODUCTION

PURPOSE AND SCOPE

The purpose of this appendix is to prov i de -

a. Genera l history of the floodwater and sediment p roblem as it
affected the Lower Colorado Reg ion before 1965.

b . Data (in cluding dollar losses) concerning the existing (1965)
floodwater and sediment problem and the present status of
remedial measures .

c. Broad—scope anal ysis of the magnitude and extent of potential
flood problems in the Reg ion . (The anticipated needs and
demands for flood plain use are based on MODIFIED OBERS
projections - population and economic growth .)

d . Genera l appraisal of the alternatives , including costs , that
would be available to prov i de the necessary floodwater and

• sediment protection to satis f y (c) above .

The stud y was preliminary or reconnaissance in nature . Existing reports
and studies were used to determine current flood damages. For areas where
lit t l e  or no data existed , estimates of flood damages we re made by comparing
generalized hydrolog ic , hydraulic , land—use , and economic characteristics
of the study areas with similar available data in other areas. All data
were adjusted to reflect base year (1965) prices and conditions of deve l opment.
Future needs and measures required to satisf y these needs were determined
oy evaluating existing problems concerning antici pated land use and increased
development , and by using other indices which reflect an expanding population .

RELAT I ONSHIP TO OTHER PARTS OF REPORT

The objectives of the Lower Colorado Region study are to formulate a
framework p lan to prov i de • a broad guide to the best use , or comb i nation of
uses , of water and related land resources to meet short- and long—term

I! Reg ional projections , OBERS , we re prepared by the Office of Business
Econunic~ , U.S. Department of Commerce , and the Economic Research S e r v i c e ,
U.S. Departm ent of A gric ulture . MODIFIED OBERS projec tions are modifica-
tio nS of tie  OI3ERc projections to morn closel y r e f l e c t reg ional trends.

Ix-  I
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needs . The reg iona l study is composed of the Main Report and IA appendixes .
The Floo d Con t rol A ppendix w i l l  indicate the flood problems that may impair
the best uses of a resource , and w i l l  suggest measures to miti gate these
p rob 1 ems .

The data concerning population , urban and agricultu ral g rowth , change
in land use , and related land resources that affect the flood damages were
obtained from the appropriate append ixes.

Thi s appendix includes the total floodwater and sedi men t damages that
generally is associated with flood control. Data concerning that part ~f
the floodwater and sed iment damages that can be attributed to ups tream water-
sheds and the alte rna tives to miti gate these damages are also presented in
Appendix V I I I , Watershed Management.

DESCRIPTION OF THE REGION

The Lower Colorado Reg ion comprises 1141 ,137 sq uare miles in the Pacific
Southwest area of the United States. The Reg ion includes the Colorado River
drainage area in the United States below Lee Ferry , Arizona , except for that
part that is in Californ i a. In addition , it includes several clo sed basins
in Arizona , Nevada , and New Mexico and some areas in southern Arizona and
New Mexico that d rain into Mex ico .

The Reg ion has been divided into three hydrologic subreg ions : Lower
Main Stem , Little Colorado , and Gila. (See map 1.) The Lower Mai n Stem
Subreg ion includes 56,554 square mi les in Ar izona , Nevada , and Utah . The
Little Colorado Subreg ion includes 26,977 square miles of the Litt l e  Colorado
Rive r Basin in Arizona and New Mexico. The G i l a Subregion includes 57,606
square mi les  in southeastern Ar izona and southwestern New Mexico.

The climate in the Lower Colorado Reg ion varies widely as a result
of the large diffe rences in ele Vat ion , the considerable range in la titude ,
and the distribution of mountain ranges and hi ghlands . The mean annua l
temperature ranges from 43.7 degrees in the mounta i nous area of eastern
Arizona to 72.4 degrees in the desert area of Gila Bend , Arizona. In the
desert sections , temperatures in excess of 100 degrees are common during
much of the summe r . In the mountains , temperatures s o m e t i m e s  drop as low
as 30 degrees below zero. There are two distinct moisture sources. Win ter
preci pitation is associated with moisture mov i ng into the area from the
Pacifi c Ocean , while the Gulf of Mexico is the source of much of the sume r
rainfall . About half of the Reg ion rece i ves an average of less than 10
inches of precipitation per year , and a large part of the remaind e r rece i ves
less than 20 inches per year. In a few small areas , the average annua l
preci p itation Is more than 25 inches . Some areas near Yuma , Ar i zona , re-
ce i ve less th an 5 I nches of preci p itation per year , and a few moun tain peaks
rece i ve more than 30 inches of precip itation per year .

IX-2
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The Lower Colorado Reg ion is a complex of plateaus , mounta i ns , deserts ,
and plains , with elevations rang ing f rom 100 feet above sea leve l near
Yuma to 12 ,611 feet in the mountains north of Flag staf f. The Region lies
within the Basin and Range and the Colorado Plateau physio g raphic prov i nces .
The Basin and Range province occupies the southern and western parts of
the Region and is characte rized by fault block mountains and valleys . In
the mountains , streams have cut deep gorges . The valleys consist of a
Series of interlocking basins partially filled by alluvium . The basin
rims are formed by the mountain ranges , which consist of all types of rock -

sedimentary, i gneous , and metamorphic. The Colorado Plateau province occupies
the northeastern part of the Reg ion and is characterized by alternating
cliffs and slopes forme d as a result of variations in resistance to eros i on .
Ledges , cliffs , or rock benches formed of resistant beds of sandstone
and limestone are separated by slopes , va l le ys , and badlands carved on
the weaker intervening shaly strata.

Popula tion of the Lower Colorado Reg ion was 1 ,847 ,280 in 1965. The
following tabulation shows the 1965 population and projected population
for  the Reg ion and Subreg i ons .

Population (MODIFIED OBERS ) 1/

Subreg ion 196 5 1980 2000 2020

Lower Main Stem 312 ,780 762,300 1 ,429,300 1 ,874 ,700

Little Colorado 151 ,300 223,900 293,100 389,400

G i l a  1 ,383, 200 1 ,880,600 3,000 ,000 4,612 ,700

Reg ion , tota l 1 ,847 ,280 2,866 ,800 4,722,400 6,876 ,800

Based on hydro l og ic subregions .

The economy is based on m a n u f a c t u r i ng ,  m i n i ng ,  t ou r i sm , timber indus-
tries , irrigated farming, and livestock . The Region ’ s rate of growth is
currently one of the hi ghest in the Nation. Some communities and cities
and areas of intens i ve agricultura l deve l opment have occupied the leve l
areas along both sides of streams to be near the limited sources of water
supply. These locations are subject to severe flooding. The Region ’s
economic deve l opment is further discussed in A ppendix IV , Eco nomi c Base
and Projections .

I n the Lower M a i n  Stem Subreg ion , the major streams include the Colorado ,
Virg in , Muddy , and Bi l l  Williams Rivers , and Las Vegas Wash and the G i la
R i v e r downstream from Pa inted Rock Dam. The flow in the Colorado Rive r
is controlled by Lake Plead and by Lake Powell , which is just upstream from
the Lower Colorado Reg ion boundary . In the Little Colorado Subreg ion ,
the major streams , othe r than the L i t t le Colorado R ive r , inc lude the Puerco
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and Zun i Rivers , Silve r and Cheve l on Creeks , Canyon Diab l o , and Leroux ,
Dinneb i to, and Moenkop i Washes . In the Gila Subreg ion , the major streams ,
in addition to the Gila Rive r above Painted Rock Reservo ir , include the
San Francisco , San Pedro , Santa Cruz , Salt , Verde , and Agua Fr ia Rivers .

For the purpose of gathering data on floods and flood damages , the
hydrolog ic subreg ions were divided into study areas wh i ch , generally, were
based on hydrolog ic boundaries , except where d i v i s i ons  were at S ta te  boundaries .
(See map 1.)
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HISTORY OF FLOODING

The Lower Colorado Reg ion is one of the most arid areas in the United
States . Streamflow is extremel y variable both in time and locat ien . Few
of the tributaries of the lower Colorado River are p erennial , except where
base flow is provided by springs . The histor ical floods before 1900 and
in this century caused severe property damage and loss of life . Recent
d e v e l o pment of f lood  p l a i n land for agricultura l and urban use has greatl y
increased the flood-damage potential in the region .

rloods in the area may be caused by snowmelt or by rainfall. However ,
since compl etion of Hoover Dam (1935) and of Colorado River storage reser-
vo i rs in the Upper Colorado Reg ion , snowmel t f l o o ds on the lower Colorado
R iver are no longe r a problem . Major floodin g is caused by ra infall  and
is the result of three types of storms : (a) general winter storms with
low-intensity rainfall over wide areas , o f t e n c o n t i n u i n g  for several da ys;
(b) gene ra l surrwile r storms with heavy preci p i tation ove r large a reas; and
(c) loca l thunderstorms which cover a small area and are of high intens i ty
b ut u s u a l l y of short duration . Thunderstorm s produce many of the destructive
flash floods that are well known in the southwest. They can occur at
any time in the year , but are mos t common during the late summe r and fall .
The amount of runoff that occurs during these storms depends not onl y upon
the amount , type and intensity of the preci p itation but also upon the
features and conditions of the watershed.

In general , stream slopes in the mountains are steep. Thus , flows
have hi gh ve l oci ties and cut deep well-defined channels that have sufficient
capacity to carry most flows . In the upstream mounta i nous areas the rate
of runoff is hi gh . During major storms the water concentrates quickly
with relative l y hi gh peak discharges in comparison to the total vo l ume
of floodwater . T h i s  water debouches on the broad , leve l valleys causing
v iole nt and destructive floods . As the valleys widen and the grad ients
decrease , the channels increase in width and become more absorptive . Many
of the stream channels have been encroached upon by urban and agricultural
deve l opment; others are choked wi th phreatophytic growth such as salt cedar ,
w illow s , cottonwood , and mesquite.

During the summe r months , the mainstreams are not us ually in flood .
Al thoug h summe r storms do occur in tributary areas , the force of the peak
flows from the side streams is dissipated rapidly in the main channels.
Much of the sediment load is deposit ed , which crea tes divided channels
and results in meandering flow in the mainstreams .

His toricall y ,  the largest flood known to have occurred in the Colorado
Riv er Basin was the spring flood of 188k. Since 1900, major floods occurred
in lq )5 , 1909, 19 1 6 , 1917 , 1923, 1926 , 1937 , 1939 , 194 1 , 1952 , 1957 , 196 2,
1 964 , 1965, and I9~ 7.
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In t~ e Lower ‘~ain Stem Subreg ion , the earliest flood on the Colorado

1Cr ~or w h i c h  i n f o r m a t i o n  is cons i dered adequate for use in a~~i ng d rea-

~ona~- I e est~~~ate of flood disc ha rlje occurred in 1~~~Ls . The tota l volum e of

t i S  flood is e sti wited it 30. 1 H Il i o n  acre— feet , W i t h  a J)( ’rU~’ d i scoi r ge
o’ ~‘(),‘~~0 c u b i C  feet per second near Grand C a n yo n , Arizona. The grea est

l oad 4 ar ~h ich r e li ~o - le data is av ai l abl e ~as nrnduc cd by t h~ he a v ~ snowpac k

e~~~~i te d J u r inq the w nt er o’ 1916-1 )17 combined ~~~ the a c c e l e r a t t d
sooW- c l t i n c ~ patt ern n ’ ~,arrn rains and hi yher - t an-- nor al tc’~pera tc re s .

~hP volune of ‘his flood .~as 16 .9 m i l l i o n  acre- ’eet , .,ith pe ak dis cba r~ e
of l 6~~,O0fl cu c ic feet rer second ne-a r C r -m d Canyon , C r i z n r a .  Thi s f lc ~od
J e s t r o , e d  a g r i c u l t u r a l  and tr an-~p o r ti ti cn f a c i l i t i e s  t ’ r jc , iou ’. t he  leng ’

~ t i e Col orad o ~ ver in t~ie I .cr ~-‘a i n ¶~t e’ Suh r~ g ion .

Pri o r to co -ri etion of Hoove r Can in l~~35, Ji sas tr us r
~ r~~~~.ir~~~~l t  f l o o d s

cau~~’~ ca a le alon g tne lower Colora do River each iear . In a ddition to
t~ e’~e ~l oods , d e - t r u c t i v e  Suflfler r a i n f m l l  floods often occurr ed . Levees
had to ic b u i l t  and continua ll y ra~ n tained to pr otect low lands f rom flood i ri~~.

i Ce and for more water by newly arrived settlers , an a d d i t i o n a l
or en iny w J 5  c u t  c t i e west hank of the Colorado Rive r Is mi les downstream
from the C a l i f o r n i a - ~ exi co border to dive r t w a t e r  in to t e  l -ip eria l Canal .

ead:a te t a t  would rei:ul at e the flow in~ c th e canal had r ot  v~’t  Lee~
t ui i t  w~ en Uie floods of 1905 came . Uncont ro l l e d  f 1  oC-oitt~rs ‘bowed t~~i f r d s
t k C .est t~ ro ug h the un gat rd openin g, c a u s t d  the r i v e r  t o  change ~:s cou rse ,
ani c r e a t e ’ the Sa l t - c  C e j , 1or about IA months the r i v e r  c r e a t e d  hav oc
in  th e I - ‘~~r i al V a l l e y ;  railroad tracks and hi gh-iiy ~ nrc i’ 1-eC away  anc

u e: and ‘ar’s acre estro vec . In l2’C i , the Colorado River agai n br o~.e
t~~rc ~uy b the evees anfi changed its course. However , at that time it ran
i n t o  Bee ( ‘~~e j as ’~ R i ve r , and then i n t o  Vo lcano  Lake in t1e~~ico ra the r  than

- ‘ th e Inp~~r ial  ‘Jall ev of Cali fornia . From I’)O( to lJ 2~4 , a to t a l  of
as spent on levee work along the lower Colorado River. Mos t

of t i e damage t h u t  occurred and levee work that a .n~ do ne i n  the  U n i t e d
States -ias in C a l i f o r n i a , wh ich is outs i de the Lower Colorado Reg io n stu c
d e a

)t ’ uer st eams in the Lowe r h am Stem Subreg ion that have experience c
r J a - ar~ ing floods in clude : Las Vegas Wash with 6 ,000 cubic feet per second
in du ne  1) 55 ;  Meadow V alley Wash w i t h  15 ,000 cub i c fee t per  seco nd i n
l arch 193c , V i r q in Rive r with 32 ,500 cubic feet per second in December

and B 11 li l i i  ams River w i th 175 ,000 cu bic feet per second in January
I ~ I

In the L i t t l e  Colorado Subreg ion , the September 1923 flood on the
L i t t l e  Colo rado Rive r had the largest peak flow of record. The peak was
esti m ated at 120 ,000 cubic feet per second at Grand Fal l s , near  th e m o u t h ,
and A~i ,OO0 cubic ‘eet per second at Holbrook . Numerous floods dating back
to the earl y 1)00 1 5 have occurred in the basin , but in mos t instances no
disc harge records are available . Some of the large r floods for which dischar ges
were estimated we re the September 1928 flood on Rub y Wash at Wins low , Arizona ,
with an 8,000 cubic feet per second discharge ; the August 1959 flood on
Puerco Rive r at Gallup, New Mexico , with a 9,400 cubic feet per second
discharge ; and the 1963 flood on the Zun i River at Zun i , New Mexico , with
a 13,000 cubic fee t per second discharge .
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I n the G i l a  Subreg ion , the February 189 1 flood on the Salt River had
an estimated peak floodflow of 300,000 cubic fee t per second at Arizona
Dam (approximatel y the same location as Grani te Reef Dam) . The storms
of January 1916 prod uced the greatest magnitude of any flood i nvolving
the entire G i l a  River Basin since records have been kept. D u r i n g  tha t
month , two Pacifi c storms , 10 days apart , broug ht warm rain to melt unusually
heavy snow covers . The resulting f l o od , which ravaged the entire G i la
Ri ver Basin had peak discharges of 230 ,000 cubic feet per second at the
mouth of the Gi Ia River; 130 ,000 c u b i c  fee t pe r second on the Gila Rive r
below San Pedro River ; 90,000 cub ic feet per second on the San Francisco
Riv e r at Clifton; and 1 1 ,000 cubic fee t per second on the Santa Cruz Rive r
near Greens Canal . Recent major floods along t ributaries of the G i l a
Ri ver have produced lower peak discharges than the historical flood s along
the Colorado Rive r or Gi l a  Rive r , but have caused more flood damage because
of increased develop ment. Notable examples are the 1962 flood on Santa
Rosa Wash , wh i ch had a peak flow of 53,000 cubic feet per second near
Vaiva Vo; the 1965-66 flood on the Salt Rive r , which had a peak flow of
67,000 cubic feet per second below Verde River (photo 1) ; and the 1954
flood on Pina b Creek whi ch had a peak flow of 6,500 cubic feet per second
at Globe , Arizona (photos 2 and 3).

Damages from major past floods are shown in table 1 of this appendix.
The early floods listed have few breakdowns in damage categories because
the information is lacking or the development was minor. Some of the lar-
gest and earliest floods previously discussed are not included in the table
because there is no record of the damages . Two columns in table I , forest
and range resources and facilities , have very few entries . This is probabl y
du e to the h i s to r i c a l  data bein g collected by not using these same headings ,
and by the reporting agency evaluatin g flood damages for onl y a particular
area or reach of the stream where it had  an interest. Table 2 shows the
es timated damage for the maximum flood of record for several streams , wi th
recurrence under 1965 economic , price , and p roject conditions. Table 3
shows the flood damages expected for selected areas upon the occurrence
of the 100-year-frequency flood . Peak flows of maximum floods of record ,
standard pro ject  f loods , and 100-year f loods for selec ted Stations are
shown in table 11 .

Loss of life occurred duri ng the floods of 1 890, 189 1 , 1906 , 1914 ,
1 ) 3 5 ,  1938 , 191s0 , and 19145. In 1 890 a dam failure on the Upper Hassayampa
Ri v e r resulted in the loss of 70 lives . Ten persons drowned when one Span
ef a brid ge on Ju l ian Wash at Tucson , Arizona washed out in a flash flood
in Augus t 1945. Twenty persons los t their lives due to floods in Arizona
duri ng the 1970 Labor Day week end. Loss of life from al l  floods probably
is greater than that recorded.
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Photo 2. Damage to the bus i ness section of Globe , Arizona , from flood
of July 1954. (i noto by Norma n ’s Studio , Globe , Ar Izo na)

Photo 3. T- p lcal damage to stores along ~1orth Broad Street In Globe ,
A rIzona , from f lood of Ju l y 1954. (Photo by Norma n ’ s S t u d io , Glob.- ,
Arizona)
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PRESENT STATUS

Existing flood control measures consist of structural and nonstructural
programs performed by Federal age ncies , States , and loca l organizations.
These measures include rese rvoirs , channe l improvements , levees and dikes ,
c ia nne l st:~t l iza tion , sediment control , flood forecas ting , wa tershed manage-
rne rit and ion i treatment prac tices , f b o o d p roof ing , and flood pl a i n  regula-
tions . The x i sti n q flood control pr ograr~ is conducted under statutory
author izati ans discussed in A pp end i x I l l , ‘Lega l and I ns t i t u t i o n a l  E nviron m ents. ’
T u e  pr inc i pa l f l o o d - d a m a g e — r e d u c t i o n  measures are d e s c r i b e d  in the f o l l ow i r ~
paragrap hs

FLOOD FOR ECASTING

T~u e Nationa l Weather Service currently prov i des forecasts for 14 river
gage locations in the Lower Colorado Region . (See map 2.) The National ~eather
Serv i ce ’ s Rive r Forecast Center and Rive r District Offices issu e riverf iow
and water-leve l forecasts daily or as required. The floo d warnings deve l ope;
and issued by the N a tional ‘leat her Servi ce alert affected urban and a g r i c u l t u r a l
areas of i mp e n d i n g flood si tuations and provide them with an opport unity
to institute emergency measures to minimize damages . These measures may
i n c l u d e  the evac ua t i o n  of persons , lives tock , and movable property and
the Construction of temporary protective structures .

The ‘Water Supp l y Forecasts ” by the National Weather Service and ‘Water
Su ppl y Outlook ’ by the Soil Conservation Servi ce are basic sources of information
for long-range forecasts. These papers are issued on the 1st of January
and are updated on the 1st day of each succeeding month through May. Addi-
tional river and flood forecasts issued by the National Weather Service ,
as necessary, include forecasts concerning snowrn elt from above normal snowpacK
i n early sp rin g, heavy rains on meltin g snowpack (usually in midwinter) ,
early winter rains , and summe r cloudburs ts.

Snowrne lt volume runoff forecasts are deve l oped from snow surveys and
preci pitation records . The basi c da ta in the Region are collected by util-
iz ing a system of 78 snow courses , 20 precipitation storage gages , seven
so il moisture units , and  10 aerial snow depth markers . The depth and water
content of snow are eva l uated on the basis of previous measurements that
have been correlat ed with the resultant flows . Agencies with operational
r esponsibilities for dams and reservoirs use runoff and flood forecasts ,
together w ith information developed in their respective agencies , to deter-
mine flood routin gs throug h their reservoirs so that downstream damages
are held to a minimum .
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FLOOD CONTROL STORAGE

Flood cont ro l  storage structures are desi gned to pr o v i1 ’~ downstr eam
p r o t e c t ion hy tem poraril y sto r in q floodwaters , thereby reducing t h eir peak
f lo w , and subsequent ly rc leasin q water in nondam ag inq amounts .  T hese
s t r u c t u r e s  are o ’ten re f e r r e d  to as f lood cont ro l  reservo i rs , f l o o d w a t e r
retardin g structures , or detention dams . The more si g n i f i c a n t  existin g
flood storage structures are shown on map 3. Many other loca l structures
provide vary ing degrees of flood protection , although they are not shown
on the map . T h eir effect has been recognized in estimating the magnitude
of floods and related damages. Most of them provide protection from rela-
tive l y small floods and may be temporary in effec t. Information on the
ma jor ex istin g flood storage structures is g iven below .

Exis ting Flood Control Storage (1065)

Drai nage Flood
area above con t rol
structures storage

Number of (square Stream (acre-
Name Structures miles ) or basin feet)

Lake Mead 1 167, 803 Colorado River ~/ 3,300 ,001
Flat Top I ,70 V i r g in R i v e r  1 ,700
Iver son 1 31 4 V i r g i n  R i v e r  1 ,300
tathews Canyon I 314 V i r g in River 5,390

Pine  Canyon I 145 V i r g i n  R i v e r  6 ,143 0
A r royos  ~o. 1 12 2) C i l a  g i ve r  l ,!400
Rai l road ‘dash IS 2)3 San Simon Creek 2 ,700
C r e i qhton 1 196 San Simon Creek 1 ,500
I 1 14j San Si  non C r -’ek I , 1 ) 3
San Simw n 1 1 ,310 Sa n Sim on Crock 0 ,330
Frye-Stoc~ ton 5 203 Gi la River

1 32 Gi la R i v e r
d i t l ow R a nc h  1 1143 9ui~~en C r 0  2: .9,3 3

~ie Creek 1 162 S a l t  R i v e r  1 1  ,‘)JO
‘b c n ick cn  I 2 147 A gua Fr ia R i v e r  l( ,3Y)
Ihi tc Tanks 2 314 Gi la River 3,500
Up per Centennial 1 1448 C e n t e n n i a l  Wash 3 , 23
L- ,ie r Centennial 1 735 Centennial Wash 2 ,430
Pa inted r~~ck  1 50 ,310 C i  Ia Ri i er 2 ,212

Tot al 
_________ _______ 

10 , 701 , 
________

1/ Floo d o’i t rol storage , excl u s i v e  of 1 .29 1 ,300 acr e-feet of surcharge
s t o ra g e , in re servoir as complet ed in lg3s . Flood contro l space previousl y
req~ i r ef in Lake head is now d i s t r i b u t e d  between Lake ~ea 1 and the reservo i rs
f o r- i d by four major ups t ream dams (G l en  Canyon , Navajo , Blue lesa , and
Flamin g Gorge) in accordance w i t h  published regulations and flood forecasting .
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Othe r major reservoirs in the Reg ion , such as Mojave , Havasu , San
L ar los , Rooseve l t , B a rtlett , an d P l e a s a n t , do not have des i gna ted stora-4e
fo r f l o o d  cont ro l , but operation of reservoir storage on an inflow fore-
cast basis provides floodflow reductions downstream . Glen Canyon , Jaiajo ,
(fl ue ‘-tes a , and F l am in g Gorge Dams have been c o n s t r u c t e d  in the Upper Co lo rado
‘eq ion upstrea m from Hoove r Oar’ under the authority of the Colorac o R iver
S torage P roject. T hese t our dams control p racticall y a l l  i n f l o w  into Lake
Meac , except fur the side inf low entering the Colorado Riv e r  t~eT.-een Lake

~oweH and Lake ‘~c-a d .

Al amo Lake , a rua jo r  mu lti p le-purpose structure on the Bi 1 il i l i a m s
Riv e r , and t our .datershed projects were constructed between Dece -b er 31 ,
1265, and December 31 , 1170. T hese structu res are discussed in a subse-
quent section ti t l e d  Measures R equired to Satisf y Future Needs . ’

LEVEES AND CHANNELS

Local areas are often protected f ro r~ the effects of floods by tee
cons truction of levee and channel improvements. Levees provide for channe l
capa city above the surrounding ground . Channel improve ments provide for
enlargement of natural channe l capacity by s t r a i gh ten ing, c l e a r i n g ,  ‘.-i i de r ’ i n ,,
or dee pe n i n g  or b y l i n i ng t r e  cha n ne l , thereby decreasing overhank 4loodin g .
The existing (1965) levees and ch a nne ls arc ~,j’1r jri ie d as follo w s :

Levee Channel
(mi le) (mi le)

LO SER MAIN STEM

Colorado Rive r 73 55

~‘u-a V a l l e y 17 -

Lower Gi l a Rive r 414 24
Su b reg io n total 139 79

LITTLE COLORADO

Holbrook I -

Subreg ion  to ta l

GILA

Arroyos No. 1 -

Frye-Stockton - 14

• Magma - 4
Tucson Diversion Channe l 2 5
Greene Wash I -

McMicken (outlet) - 6
Whi te Tanks - 1 1

Subregion tota l 3

RE G IO I4 TOTAL 114 3 120
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L~ erqency flood con trol work under genera l congressional authorization
includes e”-’e rgenc y b a n k  p ro tec t i on , s nagg ing and clearing, floo d eme rgency
prepa ration , f l o o d  f i gh ting and rescue operations , and repair and restora-
t ion of f l ood  con t ro l  w o r k s .  Emergency work ac comp l i s hed  in the ~e~~ion
includes reve tting and channel c learing at Jerome , A rizona ; snagg i ng a n d
clea ring on the San F rancisco Rive r at Clifton , A r i z on a ;  a n d r e p a i r i n g
and revetting levees and removing sediment on Greens Canal , A r i z o na .

U n d e r  P ub l i c  Law 875, the O f f i c e  of Emergency Pre paredness coordinates
the disaster-relief functions of all Federa l agencies. Rehabilitation
of cer tain flood-damaged public facilities is accomplished under this au-
thor i t y .

LAN D TREATMENT AND MANAGE MENT

The watershed areas of the Lower Colorado Reg ion are radically dif-
ferent in appearance , vegetat ion , annua l preci p itation , and land use f rom
those of n-lost reg i ons in the United States . However , these areas are simi lar
to o ther  reg ions in that they are the source of sediment-laden floodwaters
that damage valuable land , crops , canals , roads , equipment , residences ,
and industry . The management of watershed lands and thei r resources has
a b e n e f i c i a l  e f f e c t by reducing damage from downstream floods . Land treat-
i-lent and management practices and measures are e f f e c t i v e  i n  s l ow ing  runoff ,
thus p ermitting mo re precipitation to be absorbed where it falls. Land
treatment programs supplement flood con t rol structures by reducing the
sed rient load of floodwaters entering these structures , thereby prolong ing
their useful lives.

Land treatment and management includes the deve l opment and use as
well as the conservation and pro tection of all watershed resources. These
resources include land and water and the elements of each - forest , grass ,
crops , fish and w i l d l i f e , and scenic and wild areas . Modern land management
affec ts the mos t efficient use of land for sustained produ ction of crops ,
grass , and t rees , and imp roves the quality of runoff water that is used
for b eneficial purposes . The p rogram not only protects and restores the
la nd and water resources of the imm ediate area for the benefit of ons i te
users , but also gene rally has beneficial offsite effects by reduc ing sedirnenta-
t ion s , con tr o l l i n g  ru n o f f , and improving water quality and the environment.
In addi tion , the program usuall y provides recreation and fi sh and w i l d l i f e
b e n e f i t s .

Land treatment and management programs include diversion s , levees
and dikes , channe l improvement , floodways , streambank protection , controlled
burnin g , f i re p re ven t i o n , grass seeding , refores tation of denuded forest
l and , con tour trench ing , f u r ro w i n g , and terracing. (See photo 4.) Existing
-~ea~,L’res include 1 ,172 miles of dikes and levees , 508 miles of floodwater
di versions , 19 miles of floodways , and 187 miles of channe l imp rovements.
Addi tional informa tion on watershed flood preven tion measures and land
treatment and management is contained in A ppendix V I I I , “Watershed Management.”
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Photo 4. Contour trenches installed for flood prevention . (U.S . Forest
Service photo.)

• NONSTRUCTURAL FLOOD PLAIN MANAGEMENT

Throug hout the Lower Colorado Region , major flood prob l ems exist at
un p ro tec ted  c i t i es and i n h i gh l y developed agricul tura l areas on the flood
plain . Progressive encroachment of the flood plain b y urbani zation , despite
the potent ial hazards of floods , indica tes a need for flood plain re gulat i ons
to i n s u re w i s e  use and development. Flood plain regulations are effected
by comm unities to control the extent and type of develo pment on lands subject
to f lood ing.  Some count ies and munici p a l i t i e s  i n  the  Lower Colorado Reg ion
have prov i ded a deqree of control throug h regulation of the flood plai n
by estab l ishing health reg uh aticn s and subdivision regulations and by revis-
ing b u i l d i n g  codes . Regulation of land use through zoning is not wide l y
established in the Reg ion . However , in February 1 368 , Scottsdale , Arizona ,
enacted flood plain zoning regulations and in February 1970 , the State
of New Mexico enacted leg islation providing for county and munici pal flood
p lain p lanning and zoning.
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A t the Fe dera l lev e l , steps have been taken to prov i de loca l govern-
mental agencies with basic technica l da ta that would enable them properl y
to plan for wise use and deve l opment of the ir flood plain areas. Flood
p lain management services include flood plain information studies and re-
lated technical services. Flood plain information reports are prepared
upon the req uest of State and l oca l agencIes to delineate flood p lains
wh i ch may identify problem areas in comm unities throughout the country .
States and their subdivisions use the data in these reports in consider ing
leg islation , ordinances , flood plain regulations , and prope r management
of the f l o o d p lains . Fo ur f lood  p lain information reports have been completed.
The Federal agencies that manage lands in the flood p lains have deve l oped
land-management programs . For example , deve l opments on Federa l lands
in the flood plain along the Colorado Rive r from Lake Mohave to the Mexican
borde r are limi ted to those tha t have a how development cost and tha t have
benefits (usually to recreation or agricultu re) that clearly justif y the
assumption of a flood risk . Also , human occupancy is generally limited
to areas where advance warning of floods would be adequate , and is further
limi ted to short-term use of campers and trailers whose mobility would
permit evacuation .

ACCO MPLISH MENTS OF EXISTING FLOOD CONTROL PROGRA M

State and loca l authorities are prov i ded with water-supp ly forecasts
and river-stage forecasts as genera l warnings of the flood po ten t i a l .  T hese
da ta are evalua ted to determine whether flood-emergency activities should
be implemented. Flood forecas t ing has enabled l oca l agencies to prepare
for  f l oo d f i ghting and evacuation , thus preventing flood damage and p o s s i b l e
loss of life . Reservoir operating agencies supplement flood fore cast
data with data of their own to determine flood routings through specific
reservo i rs so that downstream damages are held to the mInimum. It is pos-
sible to reduce the reserved flood control space i n  Lake Mead when equivalent
vacant space is available in Lake Powell and the other upstream Colorado
River Storage Project reservo i rs , thus permitting a hi gher operating head
for power generation and increased wa ter storage for irri gation .

Flood contro l reservoirs are g enerally designed so that flows released
into the channe l w i l l  cause a minim um amoun t of damage . Necessar y d is-
charges during lar ge storms , wh i ch occ u r Infrequently , cause the most down-
stream damage . During small floods the release of small amoun ts ove r a
longer period k possible , thus permitting recharge of the ground-wa ter
system. Reservo i rs with ungated dams have outlets that are designed to
pass f low s commensurate w i t h  the capaci ty  of downst ream channel and rate
of chan nel percolation . For examp le , the ungated outlet for Whi t l ow Ranc h
Dam has been used very effectively In reducing the downstream flow in Queen
Cree k, thereb y permitting more percolation into the ground-water basin.
Con tro l led releases from Painted Rock Reservoir of flood waters in the
G l l a  R ive r have p rov i ded more t ime  for pe rcolation into the downs tream
ground-water bas in.
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When forecasts indicate that projected inflow wi l l  r efill the reservoir
for power generation and irri gation purposes , wa ter can be released from
reservoirs with no des i gnated flood control storage earlier than would
be the norma l p rocedure during f loo d periods . This early release in con-
trol led amounts reduces or el imina tes the flood peaks that would otherwise
pass unregulated throug h the reservoir.

When Hoover Dam was completed in 1935, control of releases of inflow
from most floods on the Colorado Rive r to an outflow of 40,000 cubic feet
per second became possible. If a F loa d equa l in magnitude to that of the
1884 flood should again occur , the peak inflow of about 300,000 cubic feet
per second would be reduced to a peak outflow of 77,000 cubic feet per
second. Inflow records show that the floods of 1941 , 1952 , and 1957 were
the largest floods that have occurred since construction of Hoove r Dam .
It was necessary to make flood contro l releases during the 1941 and 1952
floods . During 1941 , a maximum inflow of 11 9 , 200 cubic fee t per second
and a maximum outflow of 38,200 cubic fee t per second occurred. In 1952 ,
a maximum i n f l o w  of 122 ,000 cubic fee t per second and a maximum outflow
of 38,800 cubic feet per second occurred. In 1957 , a maximum infl ow of
124 ,000 cubic feet per second and a maximum outflow of 29,600 cubic feet
per second occurred. With the comp letion of Blue Mesa Dam in 1966 , Lake
Powell and the other upstream Colorado Rive r Storage Project reservoirs
would probably have reduced releases from Hoove r Dam in 1941 , 1952 , and
1957 to flows no greater than the irri gation demands and powe r releases .

Painted Rock Dam on the Gi la Riv e r , which was completed in 1959 , is
desi gned to reduce the reservoir desi gn flood inflow of 300,000 cubic feet
per second to an outflow of 22 ,500 cubic feet per second. In 1966 Painted
Rock Reservoir was operated to reduce an inflow of 48,900 cubic feet per
second to an outflow of 2 ,850 cubic fee t per second. (See photo 5.)

San Carlos Lake behind Coolid ge Dam has no des i gnated flood contro l
s torage , but since November 1928, the flow in the Gi l a  River has been con-
trolled at Coolid ge Dam with the maximum release from San Carlos being
1 ,270 cubic feet per second . No estimate has been made of flood damages
prevented by this reduction of flow .

Since 1965 , a plan of operation was prepared by the owner (Salt Rive r
Project) for Lake Roosevelt and Bartlett Reservoir. The p lan prov i ded
for the reserv oirs to be operated for joint use , including flood control.
Substantial f loodf low reduction downstream from these reservoirs would
result from operation of re servoir storage on an inflow forecast basis.

The existing flood control prog ram of floodwate r storage , levees ,
channe l Imp rovemen t s , land treatment and managem ent , f lood fo recas t ing ,
and nons t ructura l f lood p lai n management has pr evented flood damages estimated
at $11 0,400 ,000 throug h 1965 . Table 2 lists some maximum flood s of record
indIcating the damages that would be preven ted with existing (1965) structures
if the record flood should reoccur . P rotection has been p rov i ded for about
238 miles of rlvsr s and streams and 734 ,000 acres of land.
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REMAINI NG FLO OD PROBLE MS

Genera l

Major flood problems exist at unprotected cities and in hi ghly deve l-
oped agricultura l areas throug h the Lower Colorado Reg ion . Floods along
the main streams cause recurrent damage of major proportions by cu t t i n g
streambanks , chang ing the shape and location of channels , eroding farm-
lands , inundating farmlands and urban areas , depositing s i l t  on crops ,
and destroy ing irri gation , commun i cation , uti l i t y ,  and transportation facil-
ities . The steep gradients of tributary streams cause debris-laden floods
to debouch on the moderate slopes of alluvial cones where flood waters
often spread out as overland flow . Downstream f rom the cones , the stream
channels of the plains are generally poorly defined and are adequate to
accommodate only minor flows.

In the Lower Main Stem Subreg ion , the Virgin River and many of its
tributaries are cutting into banks and progressive l y widening the channels ,
wh i ch has resu l ted  in h ig h s i l t  depos i t ion  in the s t reams d u r i ng floods .
The large quantity of s i l t  contributes to the flood p roblem because of
the cost of providing for sediment storage in flood contro l works . Bank
eros i on on the main stream of the Virg in River has increased the channel
width , whi ch has caused the destruction of irri gation diversion works ,
other ripar i an structures , and irri gated land. The channel of the largest
tributary , Muddy Rive r , has an insufficient capacity to car ry peak flows .
Consequentl y inundation of farmlands and urban areas has occurred .

Hi gh-intens i ty rainfall has caused floods in Las Vegas Wash and tribu-
tary channels , wh i ch have resulted in damage by inunda tion , by im pact of
hi gh-ve l ocity f l o w , and by debris deposition . (See photos 6 and 7.)

Prior to comp letion of Alam o Dam in 1968, a measure of control of
floods ori g inating on the B i l l  W i l liams River was provided by ope ration
of Parker Dam and Reservoir and a flood warning system . Alamo Reservo i r
w i l l  reduce a des i gn infl ow of 300,000 cubic feet per second to 7,000 cubic
feet per second , thereby appreciably reducing downstream damages .

The channe l of the G i la Rive r downstream from Pain ted Rock Dam is
obstructed by the encroachment of phreatophy tic growth and deposition of
s i l t  f rom tribu ta ry streams . The result is a constricted channe l wi th
reduced capacity where even sma l l  floods may overflow the bank before the
streambed erodes enough to contain the flow . Channe l improvements from
Texas H i l l  (mile 66) to the Gila  Siphon (mile 8.4), authorized for earl y
construction , wi l l  correct the flood situation in the Wellton-Mohawk Irri-
gation District.

In the Little Colorado Subreg ion the streams are charact erized by
periods of li ttle or no F low . Usually the re are short periods in wh i ch
the streams gradually rise because of spring thaws. Otherwise , the only
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Photo 6. Sed iment depos i ted during the flood of June 1955 on

the p layground of May fair Schoo l in the eastern section of
Las Vegas , Nevada. (Corps of Eng ineers photo.)
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Ph oto 7. A thunderstorm in Septembe r 1969 caused flashflooding
i n Las Ve gas , Nevada. (Photo b y Wide World Photos.)

I X - 20



- - - 
-

4 ——

~~~~~ .~- r  -

— 
-

~~~~ - -

)

__ ~~
- 

- 
_ _

Photo 8. Floodwaters from Ice House Wash du r i n g  flood of Augus t 1959
in din sl ow , Arizona. (Photo by John P. Scott - Wi nslow , Arizona.)

period of appreciable flow is i mmediatel y following rainfall. In genera l ,
floods caused by rainfall are of the flash type , with relatively rharp
peu~~ and short durations . (See photo 8.) Deposition of si l t  in some of
t h e  stream channe ls reduces their capacity so that even small flows may
overflow the banks of those streams .

In the Gil a  Subreg ion , major floods cause extens i ve inundation of
fJ r— ~ ldn ds and city property in the overflow areas along Gi h a  and Salt

~iv ers and their tributaries. Some reaches of channels of San Simon Creek ,
San Pedro P.iver , m t  Santa Cruz River have degraded from shallow , meandering
watercourses to deep gorges cut in erodib le soils of the valleys . Major
floods on the lower Santa Cruz River spread over a wide area below Red Rock ,
overflowin g many acres of farmlands and sometimes reaching the towns .
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I n unda t ion

f loods on the main rivers and major tributaries usua ll y differ materi-
a l l y f rom floods occurrin g on small creeks and headwater streams . F loods
on the large r rivers usually rise and fall slowly and often inundate the
f lood p l a i n s  for  days . These f loods are caused by long cont inuous storms ,
a series of general storm s , or by a combination of snowmelt and genera l
r a in 1 a l l . Some of the mos t recent floods affecting the large r streams
occurred in September I - 3(~2 , September 1964, December 1965, and December
l2 (7. Seve re dama ges occurred to crops , agricul tural improvements , urban
developments , and public fac i l i t i e s . Almos t every year , da mag ing floods
occ ur in some small watersheds in the Reg ion . These storms often attract
l i t t l e  attention outside of the i mmediate area . Th is nay lead to a conclu-
sio n that damages are loca l problems and are of minor i mportance . However ,
to th e i n d i v i d u a l s  i n v o l v e d , such damages represent severe economic losses .
~or the Lower Colorado Reg i on  as a whole , the sum of such damages represents
a serio us economic loss.

Some large historical floods were cited in the section titled History
of Flooding. ’ Tabl e 3 shows the es timated damages for the 100-year-frequenc y
flood a t selected locations . The average annua l runoff w ith peak and mi n im u m
disc harge is discussed in Ap pendix V , ‘Water Resources .’1

iank Erosion

Str eambank eros i on occurs along most of the main streams ari d along
t ribu ta ry streams , except for protected and controlled reaches such as
reaches of the Colorado Rive r . Generally, streambank eros i on is greater
on the upper reaches of the streams , however , bank erosion occurs to the

~ ‘j th of some streams , such as on San Simo n C reek .

Land adjacen t to the streams is usually f a i r l y leve l and consists
of eit h er ir r i gated farmland or good range land. Bank eros i on would there-
fore destroy some of the more productive land. W here  h inh-v a lue land is
involved , protection of some type is frequently prov i ded , but for range
and low -ial ue land , few measures have been insta ll ed. Photo 9 shows bank
eros i on along a developed reach of R i l l i t o  CreeL at Tucson , Ariz ona.

~n t’e Colorado Rive r from Davis Dam to the international boundar y ,
riv e r stJ ~~il i z a t i o n  work has been under construction since 1949 . The r iver-
la •irJcnen t program is based on a multiple-purpo se concept. The primary

- ‘ ~.ml s of tie work are Conservation , regulation and delive ry of •~ater , con-
tro l  of potential floods , improvere n t of n a v i g a t i o n , sta h i l i z a ti c )r ’ of the
ri i~~r , ,)nd pre servation of fish and w i l d l i f e  and recreational resources.
Spoil f r om channe l dred g ing in certain areas is used to strengthen existing

icr t a n k , or to construc t reloca ted ~ari~~I i r o e s .  In other reaches , banks
are bei n rj st i t i l i z e d  by provid ing rive r jettie . , f i l l - t r a i n i n d  structures ,
or rock riprap. Inf ormation concernin g bank erosion in the Reg i o n i s  g ive n
in the foll ow ing tabulation .
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Photo 9. Bank erosion on RI I h i t o  Creek (Santa Cruz River basin) at
Tucson , A r i zona , December 1965. (Pima Coun ty photo.)
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Bank Erosion

Leng tf~ of  Length of Annua l damages
Subre gion channel e r o si o n  (S l 0 00 )

(ml les) (bank
ma les)

Lower Main Stem 59,425 5, 1 35 1 58. 5
Little Colorado 33,315 6,027 118.8
G i l a  54,463 6,177 231 .0

Reg ion tota l 147,203 17,339 50~~ 3

Sed imenta t ion

Sedi m entation and erosion a r e  g r e a t e s t  i n  the L i t t l e  Co lo rado  Su ’ reg ion
where the so i l and geolog ic materials are particularly ,er~~i t i ve to eros i on ,
and the vegeta l cove r is too sparse to absorb and decrease run o ff velocity.
Other areas of the Reg ion having hi gh sedimentation rates are that part
of the Reg ion in Utah and the Safford-San Simon are~’, the San Pedro River
area , the Santa Cruz Rive r area , that part of the Verde River in the vi c i n i t y
of Cottonwood , and the Bi g Sandy Riv e r south of Kingman in Arizona. (See
photos 10 and 11 .) More information on e rosion and sedimentation may
be found in Appendix V I I I , “Watershed Management. ”

Flood Damages

Estimated ave rage annua l flood damages are $10 ,120 ,000 for the Lower
Main Stem Subreg ion , $2 ,430,000 for the Li t t l e  Colorado-Subre g ion , and
$28,200,000 for the Gila Subreg ion . These damages reflect the e f f e c t s
of existing (1965) flood control structures and economic conditions. The
evaluation is based on estimated tang ible damages that can be expected
from future flood occurrences . The amount of flood damage tc he expected
in a g iven area varies with the magnitude of the floods , frequency and
season of f l o o d i n g, and peculiar susce~ t i b i l i ’ y of different pr c~ er t ie s
to flood damage .

Flood damage data are shown in tables 4 and 9. The headings used
in these tables are defined as follows :

a . Forest and range resources. Includes losses or reduced ~ie l ds
from t ir ~~er , bruih , range and creek-b ottom meadow lands; reduced flsh
and wi l d l i f e  harvest; and damage to fish and w i l d l i f e  habitat.

b. Forest and range faci h i t i e s .  Includes damages to recreat ion
faci li t  ies ; f~nces and corral s; fl sh and w i l d l i f e  fad Ii ties : roads , tra Is
and brid ges; and public and private administration fac H it ies.
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Photo 10. 1. cot ton farm inundated dur ing  the t l ood  0 ’ e co te m ber 1~~o. ,
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c. C rop_and pasture. Includes damages such as crop loss or
reduced y ield or quality; Tloodinq; spreading of diseases and .~‘-oeu infes-
tatior ; and the i n a b i l i t y  to nrow crops best adapted to the area.

d . O th er  a~~ric u 1 t u r a l .  Includes loss o~ live s tock and sto re d
crops , and J~~aje to mach nery , f e nc e s , farm b u i l d i n g s , bridges , roais ,
t ar r - le vees , and i r r i gat ion and drainage systr’ -”s .

e . Land . I ncludes Jarra9es caused by er ,s ion and sedi -eri t depos i-
tio n , ,-.ho i c h may occur on forest land , ra nge land , farm land , ard urban
la nd. Also includes la nd los t by g u l l y i oog , streamb ank cu ttin n , ch arnel
c’1an~ es , and lan tj sli des caused by flooding and land rendered unproductive
or le ss productive due to sediment deposit ion .

f . Reside n t i a l .  In cludes damages t o s i n g l e a nd m u l t i D l e resi-
dences , hou~ i~ , and apartments , includin g stru ctures , contents , and prop-
e r t y improvements.

g. Comercial. Includes damages to busines ses , ho te l s , motels ,
stores , and service establishments , including structures , furnis h ings ,
inventories , property improvements , and the resulting loss of business
and wages.

h . Indus trial and u t i l i t y .  Includes damages to manuf a ct u rirg ,
processing, and Uabricadng p lants and facilities; comur ,ication and u t i l i t y
lines and faci l ities ; rail road l ines , equipment , and f a c i l i t i e s ; and losses
resulting from impact of these damages on the loca l and reg ional econo~”v.

Public facilities. Includes damages to hi ghways and brid ges .
levee systems , i~~r~gation diversions and canals; w i l d l i f e ;  recreation ;
municipal facilities ; and public schools , all of which property is owne~
or administered by public agencies or nonprofit political and semipoliti ca l
or ganizations. Included are expenditur es for flood fi ghting, repairing
flood contro l works , and caring for evacuated people; cos t for adjudi-
dat ing sui ts for flood damages; and losses to the traveling public re-
sulting from damaged hi ghways and brid ges.

Othe r flood related damages , wh i ch are  of a n intang ible nature and are
not evaluated in this report , may include air pollution , l oss nf life ,
health hazards as to disease and epidemics , interrup tions to norma l
ways of life , and objectionable changes in the environment.
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F2IU hL ‘fEED S

l O C h  f loods s t r i k e  ‘-velene ar-as , i f -  an n-u i t o  a r ’  t o r n a t , -  1 ,

~ r , t u c t  i v ’  c,ipaci t i  i s  i O d i  re , s t r a t  ic  t r a ns p (r ta t o’o l i n e s  are cut ,
n r rpe rtv uT cr010, are destroyed , and sol  1 s a ro e r  t - f  - ih’ n 1 ar~ c- flood ,
occur i r r i  at ion canals an broLen or deposi t io n  of  sCdi - n t rr iic e~, t i c i r
c a p a c i t y .  O ’ t n r , c r ns arc  lost or y ields ~t i h s t a n t i . m l I ,  r - t u c e o  in a re as

1 n Oil’ d ‘m’ cau 51’ o he i n m i I i t  y t i r r I q ate

In t b . 2e~;ion , 1e5 percent of t~ e developed urban area and 31) percent of
the i r r i q  i te ’ cropland are loc ated on land s subject to flooding. , mo of
these valuable lan areas ar ’ nom protect ed to a lcqr ce by str u ’tur a l
(~auu re s : ‘ oo ever , most areas rem ain unpr otected . 3ata on reoiona l flood

damages am inco mp lete , b ut economic losses are occurrin g on a l l  flood
p la ins d e s p i t e  t o e  i n s t a l l a t i o n  of da~ s . levees , ona nn e ls , and lan d
t r e a t l e r t  oe as u r e s  -

r e a l i s t i c  appr a is al of flood p rot cctl0 n n e t s  requires an ev a luatio n
po tent i a 1 J ama ; es ut ni i t  occur under fut u r e cond 1 t I on S to  oh t a i

a f u I I pe rspcc t i ye of the f 1 on p roh 1 ens . Es t i -Ia ‘~ of futur e laooa ;e 1 eve ls
ic re obtained th rouqh the use of ;t I3 I F I Li Ot~[ r-oS project ions , an d  .ie r~ - p red i —

cat o on the fact that the flood proh l e’-is in t n  Lowe r Colora do ~cn ion
re suc h that alm ost a l l  land ha vi roo t o pog raPhy  s u i  tu~~lc for c,o -n er a l ft-v--’ l —

o r o n t  i s  subject to flood odi an, ’ , whether it is near a defined stream
r not. The e s t i - a t e  of projected da r iaqr - ~~, as tab ul a te d in ta ’oln ~ 5 and

‘a , recog n i zcs t’ e ‘ape rat i ona I ef f co. ts of the exist i nn (I 35) flood con t r

pro j e c t s , bu t  ass umes the abs ence of any futur e f loo t cont  n i l  pro ;ra ’s
to reduce or pr event flood u laces . Fi ou re r, 1 and ‘ i l l u ~~tr ,t e t i c  j ’ ; n i —
t o e  and d i s t r i b u t i o n , res p ectivel y , of annu a l flood ia ’ou i cs . 2resent
(I ii~~) and future flood dao ou ,es arc s j ,i o-oi r j _ ’e,t in t O  fol lo’,, in; t~~,u l~~t ion .

Ave rane Annual Flood Danaqes - in $1 , 1) )

~ta te 13(5 

- r i z o na  3~~,3:’: 
(r , !e; ~~~~~~~ ‘75 , )J

I , )l “~ ,~ ° 3 l. ~, 11 25, 33

~ ico ~ I)  I ,~~7.) 2 , lh~ 3,5C10
lJt ih 33 1 757 I , / + 3 2 ,‘i’3

Reqio n total )i ,75 3 72 ,350 151 ,‘550 311 ,200

In e sti dti r ’h p ro bab l e f u t u r, ’ ¶ looc ’ d e o u ;o 5 , Co - 1 1 ( H i  t ‘;r (not f a c t r ,

i ’~ re dcv ,’ loped for each sub r e d  ion . These fact rn in r-  ~~pp Ii ~ot t o  ne p r e s e n t
“sti ro ,ited damages under pre sent pr otection leve L ,uod c o n d i t i o n  f economic
dive I opi (‘fl t to obtain es t i a t n  of futur e du t la’ )  1 eve l~ . I t  i-/as assume d
fut ure danoaqcs m ul ct increase if hi gher levels of developm ent were att ained
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~-~~~arc~c: ,eurs 13- S ) , 233 ) , iro J 2 3 2 2 .  Past trc n ’ s hove 5 ’ O i r T f i a t ti ‘aees
o;t ’nt - r a t l v  nc rpane i n~’ the re ‘~ a r i s e  in e conor’ ic  ; ,- v e lo p ne nt .

A g r i c u l t u r a l  g r o w t h  was  based on total gross output of the various
arr r i c u l t u r a l  s e c t i o rs  in the k e 3 ion . These sectors inc luded food , f e e d ,
fomaqe , iber crops , livestock , dair y, and citrus . T he to t a l  gross output
for va ri ous sectors ~.as calculated in the conventional way , as the product
of pr oc~ c tion and p ri ce rece i ved for the comodity. S ince commod i ty p rices
,jere n e l d constant , cban yes in total gross  out p u t were  a f u n c t i o n  of cha n ges
in the a-~~u”t of product produced . In turn , changes in production resulted
ei ther ‘ ron a change in the acreage ~ f crops or number of livestock and
from a change iii rates c~ production . Basic da ta and projections are g iven
in A ppe ndix IV , ‘Econo m ic Base and Projections .

‘Jona gricultu ral grow th factors were developed f rom population , i n c o me ,
and p odu ctivity projections to estimate future damage on the basis that
t ” ese f a c t o rs  .-~o u ld  r e f l e c t  the increase in product ion of goods and s e r v i c e s ,
i~~~~e is e in con sumption of goods and services , cha nge in levels of capital
cev elopm ent , an d change in land uses. In a l l  cases , growth factors were

ied , as nece’7sary , to permit the best use of data fror” deta iled studies
t o  re ’Iect the character of loca l areas. Var ious nonagricultural ca te-

gories are discussed in the following paragrap hs .

The residential and comm ercial growth trends we re evo l ved as indicated
by the Projections of population and personal income . P r o j e c ted r i s i n g
real per capi ta income is good evidence that the va l ue of residential
:ropert y .~i l l  increase. As real i ncomes rise , an increasing percentage
of t’~e incom e is spent on home improvements and recreational and educa-
tional i tems . A trend towards a hi gher percentage of mul t i - l e v e l  bu i l din g s
offse ts somewhat the effect of rising real per cap i ta income , b u t  th i s
is in turn counteracted by an increase in dens i ty. The residential and
commercial rates of change we re ‘~onsidered to be the same since they are
close ly interconnected and there is l i t t l e  information to suggest any
ii 1ference .

Ind us t rial and u t i l i t i e s  va l ues were assume d to follow the projected
trends in indus t rial and u t i l i t y  emp l oyment. It was also assumed that
damageable items would increase in proportion with the projected i nvestment.

Pub l i c  fac i l i t i e s  growth was assume d to fo l low pro jected populat ion
and personal income . Publi c facili ties growth would be at a slower rate
than for res i dential and commer cial va l ues because of the expected more
intens i ve use of the existin facilities .

Forest and range facilities growth was assumed to follow the projected
growth of pub l ic f a c i l i t i e s  but at a slower rate. Damage to future facili ties
is  ~‘X ~i~~C t C d  to be 1ess because of be tter site selection proce dures.

‘ii’ ~‘al lowin g tabulation i l l u s t r a t e s  t h e project icn of prese nt (1965)
l oud lanuqes to future years for a C i la Rive r stud y are~~.
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ME~ SU PLb PE L S UI R E D TO s A T I S F y  FUTURE NEEDS

GENERAL

F lood p l a i n  — a nagement  is a comprehens i ve ter m tha t  embraces a range
of a l te rn a t i v e s , incl uding f l o o d  con t rol  s t r uc t u res , that can be emp l oyed
to real ze a de~~i red use of flood plai n s .  The principa l ob ject ive of flood
p l a i n  management i s  to relate a desired use to an appropriate risk , whi l e
-~ iv in g consideratio n to the improvement in q u a l i t y of the environment ,
t he  betterment in the quality of li f e , and economic development.

F lood dama ;e r educ t i on  nay be accomp l i s h e d  by correction throug h con-
trol of ater and by prevention throug h con trol of flood p l a i n  use. The
p r i n c i p a l  funct ion of corrective measures is to control floodwaters by
red u c i n~ the flood stage so that the ri sk of flood damage to any part of
the b lo od p l a i n  is compatible with its use . Preven tive measures are di-
rected to re gu lati n g f l o o d  p lai n development to minimize the dama g ing ef-
fec ts of floods . The principal features of corrective and preventive mea-
sures are shown in the followin g diagra m.
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~n esse nt i a l  cons i d er a t io n d u r i ng the e a r l y stages of the p l a nn i n g
p rocess for a flood control p roject i5 the full exchange of ideas , goals ,
5t n . requirements of a l l  interested groups and in d i v i d u a l s .  The flood con-
trol plan must i lso bc f u l l y  coo rd i na ted  m.iith a l l  fu ture w a t e r  arid r e l a t e d
land -resource ueve lopment w i t h i n  the Reg ion. Development of flood control
p roqr i- - s n or ’c al ly go beyond the scope of reducing f l o o d  damages a n d i ncl ude
c ’~her elem ents such as recreation and fish and w i l d l i f e .  For instance , the
solution to flood problems mu st be correlated with measures that satisf y
t ’ c t ’  present water qu a l i t y ,  hyd r o e l e c t r i c  powe r , recrea t io n , fish and wild-
l i fe , environmental qu ali ty , and urban deve l opment. Environmental quality
snould be one of the primary considerat ions. Other i mportant factors that
mus t be considered include hea lth , safety, and loss of life. The 1966-2020
flood contr ol program is shown on map 3.

FLOOD CONTROL STORAGE

Most flood contro l storage structures constructed today are desi gned
to provide water-related benefits in addition to flood control . Demands
‘or wa ter in the f u t u r e  w i l l  encourage full development of potential flood-
water storage i n  the Reg ion . Large dams and other water control structures ,
possibly including underground cavities created by nuclear explos i ves , w i l l
be utilized to store floodwater. The flood control p rogram includes 249
Structures with storage for 4,389 ,000 acre-fee t of floodwater and I ,2~ O ,OOO
acre-f eet of sediment. Flood contro l storage by study areas is  g iven in
table 6 and a summary is g iven in the followin g tabulation .

Summa ry of Flood Control Storage (1 ,000 acr e-feet)

Subreg io n l96~ - l9~5’ 198 1-2000 200 1- 2020
and State ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LOWE R MAIN STEM
Arizona 1 ,043 26 29
Nevada 9 120 13
Utah 5 1 4

Subtotal  1 ,057 T7~7

LITTLE COLORADO
Ar i zona  33 45 26
~ew Mexico 26 0 0

Subtotal 109

G I L A
Arizona 1 ,898 1~Q14 559
New Mexico 81 0 17

Subtotal 1 ,979

REGIO N TOTAL 3, 145 596 648
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The f l o o d  con t ro l proq r 1n for the l966-lqSO time frame is under -ia- ,
(1~~7.). Twenty-three reservoirs , either completed or authorized , have a
t o t i l  storage capacity o~ abou t 2 ,5l8 ,~tO0 ac re-feet for flood control
,ind (‘51 .it - )  acre-feet for sediment. Infor ma tion concerning completed
and author i zed  p r o j e c t s  (l96(~-l97O ) is summ arized in tbc following tabul a-
tion .
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E s t i m a t e ~ cos ts  for f lood con t ro l  s t - 1r a- l n str u ctures are of recon—
na i ss a n lL e qua l i t ’  and d e t a i l .  ] a ta  from p r i o r  re or - n- t s  .vod n r - v ious! y
b u i l t  reservo i rs in the reg ion m-ie re update o . These costs are s j r nm - i a r i ze ’ i
in t ’ t- f o l l o w i n g  t.i~- , i T a t i o n .

Cos t of Flood Control Storage (Si ,000 )

~ L~~~~~~~~: 
19(~ I 3 2 j D H ~~~

j 

er -
~ iin Stem LI ~~~~~~~~ 2 A ,9lh 7,_ )~~

L i t t l e Colorado 17 , 4/ 3 ~~~~~ 
i4 , u) .

Gi Ia 16i ,~~2O 6’~,~~Y 1 ,

2 e~~i Ori otal .~2 7 , 7 3 2  9 7 , 9 2 9  1~~7 ,  )JL

LEVEES o p .) C fiA ’~~E L S

A future flood contr ol pro- ir an - .- c o m c l - ’J ir .:lcc ’Ie 233 no les of ~ev ’ ios
and 1 , 121  H les o’ channel. ~Let- ta~ 1- 7.) Th -se l~~ve~ and channel i n’-
p rov -~~ieni t S would i n  5 ” m f ’  i n s t i n -_ CS S u p p l e - - c o t  t ’ c pro nC -inod s t o r a C ~

. s t r u c —
t ires , and in other i n s t t - c e i  would p r o v i d e p r o t e c t i o n  ini °iie’ oie nt l, ,
n’ re l i n i na r - ~ s tud ies  m d i  - : ‘~ e that levee a n -  c n , e-nc-l i- cm r ov ” ” r ~~

-; a re  ~C

si rab li- in the subreg ions as fol l ’ m- .-c~

Summa r~’ of Levees and Ch annels ~‘~i les) 

~ J ’- r e-gmo n and I9uu- I ) I I I - - .- -~ 2fl (-2 2L
S t a t e  Levee C b u n n c (  Levee C~; one ) Levee Ch anne l

L0 :,./E P A~’, J P , STE M
Ari zona 149 11 3  5 l~ ) 0 3
ie vada 2 11 12 42 0 3
Utah  0 1 0 3 2 0 0

Subtota l 1 5 1 l 3~s 1/ - c i  0 Il

L I T T L E  COLORADO
Arizo na 30 17 1) lt, 1 1
‘dew Mex ico 0 4 0 5 3 0

Subtotal 30 21 1 - ’) 21 I f  6

GI  LA
Arizona 9? 423 44 2G 1 1 7’ 134
‘i t fW i P X i C O  0 3 0 I -3 0

Li j~,total 92 431 44 27’) 7’, 1 34

REGIO’l TOTAL ,‘~~ 5~(, 7 1  3 - 4  - 4  1 5 1
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~encr a1l y , xc cpt o’e r ”  s’- C i o n C  is c i u s i n -  ~~x t c n s i v -  ‘ f s i t e  ‘i -i - n - I - - ,
loss o h i - ‘a 1 ue f ac  i I i t i es i s i mm i re’r t or i rapor tan t m c  reat ion or -1 i I d—

1 i fe resources are danoa Cci , LC - - n  t rol of st reanb,ind erosion C-on)y clot  ‘ t o  CCCin

n- ’”  i ca l Iv eas i c i -  Cor n c ’ i ye -o ’ - -cs u r ’ - , nay mo nro e ‘rn- - v~ qe Ca I i i cc,-i ’- r
to  . l r - ) i , -J r uc’ r - - v ot - -n t .  In t i - i s rc - ~ ion , ‘ ‘oc t S t r o m  ‘mo n k e ros ion co r r r ’ c -

or’ s C- I’L l - i r e  s t r u c ura l m e a s u re s .  On t n p  I~~~i ’  r Color ado P. v ,o r , s t r c a  - ‘ ‘~ rik
s t a b  i 1 i ;at ion is r ,r of thc r i - icr - - ma n ,qcn  - fon t  C l 0 - ‘C o f lv - i l uat mm of e r o s i o n
con t ro l - o e a s ’ c r e s  has been r.c j 0 .Cc t o  . l e t e r o i i ne ho- . much c~ t i e  c c - s t s - c o u l d
SC a t t r i b u t e - C  to f loo d c o n t r o l .

i : O n I  eros i on or S I  re t - s in t i e  Req iun wou ld  he c o n s i - i - r - u  in toe t - V • ] —

opment of I r e  flood con t rol rrogr am . P o t e r t i a l  reservoirs , l ev,o’i- -L , -j rm u
c ban- r , - 1 H ’ -c j rov  e n t  p r o j e c t s  wou ld p r o t e c t  t ’ oo ue  e m inn S t r o d - ’  - J f l c S  t - -~ t
are in h i qh lv  ,C e v c l n p t ’ ~ a reas . IIoc-c ev -’ r , erod ing s t r e , i  ,ioik~ t ,j t are Oi J r m I ’ f
d i s r o r s e d  in un ov e loped are :, ’, c-,ou l I  not be p r o t ’ - c t ’ :  -

~s t i - a t e r C  c o s t s  for  levees  and c ico nne l  improve cd a re  ~ f rec ’  
Sanc e q u a l i t y  an - f  de ta i l .  Tk , .’,~ costs mi c ro b a s e d on up d a t e - o  c o s t s  f m - -
r .r i or stu d ies and from cons truc ’Jon ul s i m i l a r st ruc t-i r e s i r , toe reg ion .
‘°e— ,e costs are sur” - .irized in the f oll o n in -; t -to - ml a tion .

Cos t of Levees arid Ch~~n r e l s  ( $1  ,-Y - )

- 
- - - - ---- - -  -_

~~~~~in~~
-- , _ - - -  -f l—- - — - - - -- -- 

u ’.L (em; ‘ ‘In I ) ’  - 1 3  ) 1- J o 1 -2 ~
j -,) ~~ I -~ I / u

~~~~~ ‘-f j i n  S t e o 39 ,69, 23,Y 7
Li ttle Colorado “ s ,203 5, 66-3 3, 3 f 2
C i l a  75 ,533 l ( - t ,3 l - )

P e r ; i o n  Total 11 0 ,291 235 , 166 55, ‘- ‘4

FLOOD F)PLCA STI N G

flood forec a sting u n o  flood fi g Ilti nc ) p rovid e op p ’- rtunit ie s for tne
ir cp l e’-oont at ion of -- -u- r oc er m c -I measures  to : ‘ ij n i m i z c  da mon ’s  py  e v a c u a t i o n
o’ pe rsons on.) -“uva/l e objects from areas expect ed to be flood ed a o l  of
ot ‘ cm r t- - - c  rqency f lood f ~h t i rig act iv i t  i

‘He flood forec as ing s y s t e l  in the Lowe r Colorado -c ion s h o u l d  be
- ‘ i r rnve’C by expan sion of tb , d a t a  measur ing  and report  ir’c i n e t w o r k s .  the

location of the fac I Ii tics c-iou 1 d dc-in-m d upOn t o e  cons t ruct ion proe m ao -c or
- f a o n ~~, levees , and channe l im pr o ve - -cents. Th i s expa n sion would include -mo re
extensive use of tel ene tered s o i l moisture and preci pi Ca tion ‘rc-a ’ur i n ’ j
devices in remote areas ; t h e  capab i I i ty fur sate II i t t ’  me-isur I nc~ o t s u r f ace
t e - 1 p e r a t - ~ r i -  f i e l d s , snow a reas and depth , and atm osphere tt- -n p eratur e—cn oi stu re
profiles; a n d  increased radar coverage. E ff i r ts are be i n ) made to develop
imp roved met hods of evaluating radar echo data to tik - a-( v ,ntaqc 0f t h e

r a r i - 1  dat a pro .essinq r-~~thod and exç ’rtded capac it y of computer fac i ii  t i c ’s
o v -p rove es t elates of i irienrl i ng p re i p i tat ion -
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Inc rease  C r ese a rc h  is  needed to deve lop  b e t t e r  h’ /oIr -~’ l - - - J i c  no - teis .
C , C r o u r c  i c a t i o n  ~‘f as c - i t a  col 1 e c t ’ -  I and d c c .  i na t i on  of fur - c a s t s  i - - s - ui

~e e ma l , S tate an -C local guv ,- rni ni- nt s shoul d he exnanded , and t ra i n i n g  in
co ll ec ’ion and use of the informat ion should bc i o t . ’ o o -,i f  le d .

c cost  f t o e  f 1 ood f o r e c a s t i n g  por t  ion of t ‘ cr f l o o d  con C r t l  pr-u-
q r -  .-ias based -an past ru-curds uf expend i C - j r - - s ‘or has i c data col l e c t  ion
on-i i n s t m u  c - n t a t  ion ar’d t e l  l e t m y ,  p lus t ’ . - co,ts of the for- cast servi ce
i t s e l f , flood ‘ or e c as ti ri ; costs arc- s u m m c m i ~’~-’i as f o l l o o m s :

Cost of Flood Forecat tin - ,; Prograr i C) I ,Ooo )

Cu: ,r ec ion ‘T5~~ - I J I o ) l 9,~l-2330 2 ) ) l - 2 2 j

Lowe r Ma in Ste-n 54 36 3
L it t l e  Colorado 14) 44 3
L i l a 228 162 0

~e’) i on To ta l  33 1 2~i2 0

LAND TR [ATPIE ’IT A~ D MANA GE -l I NT

Land treat~ ent and management practices and measures previous l y dis-
cussed it h ” Present Status ’’ section would be i n s t i l  led to prov i de flood
pro ,ection . The program includes 733,093 e~ ui v a C e n t  acres of land to be
treated for flood pme v c n tio n . The inst a l at i on c~-st of the proqrlm ss
presented in the following tabulation .

Cost of Land Treatment and Management Measures (SI ,030) I!

Sub ion I9~ l 9~ O l~~~i-2 0JO 2301-2020 
-

Lower ‘loin Stem 686 1 ,595 1 ,855
Li ttle Colorado 1,23 1 , dl, 2 ,(83
G i l a  5 ,288 6,7~~ €~736

Reg io n Total 6,197 10 ,323 11 ,274

1/ Includes onl y costs of those land treatment and manage ment practices
and measures which provide at least 10-year floo d pro tect ion for agricul-
tural areas , 10-year flood pro tection for resources and deve l opments on
forestland and rangeland , and 100-year fluod protection for urban and
i ndus tr i a l  areas . The total land treatment and management program is
reported in Appendix V I I I , ‘‘Watershed Management. ”
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C’ ; ‘~T ~UC T U’~AL FL okaD PL1 I It - ’- ‘
~~ -‘ ‘1 ‘ i C

too l Cd - a - : -  ~~-,‘ c m ’  p r - s ~ - n t e - o by t I c  pp l  i c- i t rr,r ’  c i t  c o n t ro l OV O (  C ’ ”
-usc o’ ‘ l ood - l - rur , , ’ -  lands t f o r - - - ; q l o  r lonn’: : d ,-v clop ;’ic ’-t and o ] , o .iq e i e r ; ’ . 1 so
use of C c  flood r o i a i n  is i l l u s tra ’e ‘ in f i gure 3. Los e non structur , lois-f
p - lain - . an,i~;,~: -oc r t oo e ,ts uo - a r ’  C , - s c m i n -  in ‘ i n -  Icm l l c y i i r c ~ oa raro r cp h s.

lood P l a i n  Re’:u lo t  ion

F l ocm - i- t o ’  p r o  ,“- ‘ t  or ,‘ bci ~~~~~~ 
1 

~~m - - ’ f ‘ , -
~ cc- cr C n C  1 i c r - . -

‘cc C 0011 P i a i i  “y - i - -: c t  1 no f l o o d  p Ia in me : u  C -c~ ions  , i i  c -  ro c I i -  -ocr i “ -

o r d i n a n c e s , s u b r l i v i s i u i -  ,~~r i - f  bu i  d i n ’ ;  c o - c - ’ - , m~’j ~ ‘ r~~g u i i t  1005 , 3 : - C  ‘ c ’ V P l ’ t  - ‘

p o l i c i e s ,  Toe pu m p ’s’ - 0f flood p l a i n  m e- ,u l a t i o r r  is not to -C- r i - -i - i S O  is ’

me I oomc p 1 a i n . Rat ’ m m  , i C i s tic ore ~c r i bc u s-o s t at ar e - corrp a t i b I e , , - t -

‘ ,it mt r i  S ~‘c ’~~i to pass Ioodf lo:-’s , fu se U S C  0’ the fiDod p l a i n  is  roj
- r o p n i c~~l l v  II o re 3 .

Hood p l a i n  re r u l a t i o r m  i ’ ’ r - l i cc  t~ ’’’ us ’ -  C r ’ I ’ m ’ l , r- ~- iI tools ‘ . 31 am --
i i i  able to communities to contro l the exte nt a-cd type of future ,ie~ e1op 

- c i  1 I f ,C p e r -  - t ’, ‘ in ‘ I ood—p r’ .,rr e a r”a - C I ~, -as c o m m  i a l t at t ie r  -

Lee ,i ;oa’J r fl - c - C  Ic  ,m r ’ - ’ e r s : a r ” i i e  (- 1 C c  cj”ro- - r , c C I lc’u i p r -j . I c ~ 
• - rr-

ci ’ r i~~k~ and the  I c - - u i  t ’ - C ’  t ha t  c n n  C ,4 ( J S ~ - - ’ t o  ~ r ,r r t r ’ ’ I  til e U SC  0 1 f l oo d
p1 t i n  lan - i s  be fo re  s u c c e s s f u l  f l - . o.C p la i n  ‘ Y ’ i ’ m ’ - -  c i t  c,i’o I’ i o ’ i p l e ’ c , t -  - .

2 , -n ,cc i he I C 5 3  I I t h a t  I s us -,‘ t a  I op l~ - - c i t  ,i c ‘ ccc f m~- r _, ‘~ -c
:‘taHed p l a n s  r e s a l t i n . - f r -  t i C  i c - ’ US ”  p 1 ‘ i r ’ i ’uj prt ~~ r o r ’ ,. • ‘o nt r’ - ;  -~ r~~i —
odro c s r e pro - u l y a t - )  ‘ e -

~ 
tom /O s , Ci t i C S , Co uc I i - - c , i ’d a’~ . c , s  ‘ s t  t I e s

0 -  cm - n t r i  inof oH r o o t  I , - USC an’ l . t ’ v e i o p  of c r ’  t ”  ‘ : ropt - r t y - i i  C - - i n
‘ c c i  r j c m i  sd i c t  ion .

L u -  m C l  i ) S n - n  r e - u at I ,,ri~ - t m -  a t  i I I :0- i  by b c- c l p v r - i r  - - C s t o  s p e c  iv
- -  -— .in-i~~r in  , j’ .icli Ian ray C r  -H - u i - i c  C i n t o  lo t s  ‘or C cc- p u mo - sos of so lo

or h oyt ’ lop r o t

• ° ; u i Id i n~ c u - C e - , --i -n y 5 ’ -  u t i l i z e d  c f f , - c t i v c l - ,  to  prr ,~ ’r , c do’ c ruo s t o  -dcv-  I —
opr c n t s  in t ’ i’ f lood p l a i n  by e s t a h l s i r i u s  - H n i n i - i  f l - m c - C  c l o v a t i o n - ’ , mc- —
st r i i “~~ bu i 1 I i nq - - a  t o ri - i l t m  be use-i , re - l u  i m i r e ;  cons t muc t  io n t ha t  cc i  I t

o .- i C ’ m ’ , t , i n . C  t o t e r  pme ~ sur c -  OrO l h i g h  v ’-loc i ty, a o l  r ’ - q u i m i n q  a.:~- a t -  ‘eu- - l a —
. ion ant ’ - -rag - to pr event f l u t , t  ion .

li e - t i o h mt -  cc  I at i ons cou I U res C r i c t  a c t  i vi t 1 ’ - c  ri t i e  ~ t o- m d n l a i n  t - : i

- io u ld  c r , - a t . -  0 ‘r (’alt -i h - t i - - r i  I f  f a c i l i t i e s  - c u r -  m O b  a t e d .

JO v e lop i ‘ r o t  p o l i c ies of lo c a l p la n e’; 0 - 1 - 0 c c  II’S s hou l d  ct , -r corist rico —
i a n , r s t r e e t  s and at  I l i t  y sys t o ’ ’, , scu ’ Is , m , m i  oi, ‘ o r  flu ’ ; I i  c f c c  I l i t  I

i n ¶ 1 oocJ — a mor on a m r - a - ,

I - 3 )

4
~~~~~~~~~~~~

-- -_-~~~~ - - - - - - 
- ---



Fl me d P roctf i  n~

F lood  p r u o f i n ’ m  c o n s i S t S  ut j  c orch in a t io n of structur a l c’r aroq~’-s an d
a - C j  us t s’ ’- t s to f~~c li t  it’ s s u bj e c t  t o  f 1 oocl i rip to r e-foi c - - or el i  ni nate flood
Ca ,ig,-s, Flood e ro ofj n q  m” jy  be a p p l i r ’’i to e,-’is tin is or new structures , and

accom p l i s h e d  by Lt ’oni nq the .-c-i t rr out of b ui Idl e - i s , inte mn , il f l~~r r - !  p r o o f i ng ,
mdi s i nq hul ldi vies as on s t i l t s , and by r i is I nq t f r e  s i te - -c i  th I - j o t f i l l

‘ C t ier  “eas u

co n c : m , i c e  is much in demand. ieroscs am ij ace” t to s t r e ,j - c ’, have a roo t  oral
e n v i r o n m e n t  t ha t  is  read i l y ao l i r , t a f m l e  to use -is par c , p ia - , q r o u r ’ m .f c , p icni c

- and m i d i n q  an C hj ~ n-~ tr,c i is.

Tax concessions have been f~~u c -  to  be eff c c t iv ” in r ( ’ t a i n i ne  t h e  status
of Ian- Cc m.f n d i c a t e d  t o  a n r i c u b t u r e , m mo cr ” u t i on , conservation , or other open-
sm - ro e  uses , t ’r e r c ’iv p r es er v inm ; e x i s t i n g  f lo o- - .- .c-,-- , clong s tr ’ - ,, -s .

L’ rba n renewa l c,nn be u s e - f  in i Io o ; Hb l i q ! i t c m f  a reas  t ha t  a re  a d r a i n
r n  the economic l i f e  and ccc I far’ of t ic’ c o r d - m i  t y  i ‘ do not lend t h e ’  ‘s e l v e s
C ’  - t “Or “me thods of r eg u l a t i o n  and  con t ro 1

-I me ir:’ve l o p - - e r r t  orogra ’ Sfi isu I’d include f )oo 1 :0cm ! rol ,-,orl- s , -chere
-ot- c~-s-sa r-u and ap p r - r n r at e. T u e l owe r fb oo ri p l a i n  ‘,,‘ m u u l d  be s et  u s i d e  for
par s , open space , and oth er useS t r o , t t  c - c ou ld  not -~~ sub ject to substantia l
i,i ’ O d e O t ’iS i n  t ’ ru event of floo din q. ,‘, reas a ’ - - t fnc elevation of the desi g—
n oted fboo dw ~ y should he u ti  1 i:e ;f for n”-,’c s t r u c t u ” e s .

Lendin-j  i n s t i t u t i o n s , b ot h F e - f - r o b  a m , , ;  p r i v a t e , are in -i position
C u  e x e r c i s e  some con t ro l  mi -i cr  f l o o d p la i n  d e v o l u c c i c~~nt by deny ing ‘o ’ s r t m ; a ’ m ”
‘o~o r a n te e ’ s or f unr.Cs t o  - lov e  lo pers  if  t o e  I Iii ’ S ~i me sub ject to flood I rim 1 .

“c r - c a n r r . nt c-v ar - c t  ion ‘ o f  deve lot - ’o I ar” - c ’ - c’c ’ ’jcct to I n m m ” m i a t ion I nv ol- ,’cs
acqu I S I  t i ran C .-y ft cr -m i r ch a se , the rcr-’iov .’al of structur e s , and the re 1 oc i t  ion
of the p o p u l a t io n  f r - ’ - -’ t o ’  ar c- - i .  I -: o C ’~~acqL c ir e-~ in t iHs ‘l3nnCr may be

r r m - i r . s  or O Y - - ’ o  ; r’co ’ -,e , t ’ r,i t w o u l d  not interfere - -c i t ’  f t oo  flows
or ‘‘ t o  s i t b j c _ ! - ‘ ‘‘ a t o n al - i - c ’ o r~ e I r i m ”’ f tool s.

T he - : ,t im ,n , i l Flood I n cum a rr c e Act ( m l 1 f’~
” i ‘puht cl r ’qu j r - - ~‘nts on con ’—

- r u n i  t y  C ’ v - l o p - c r  C s .  I n s ’’ r e ’ I ’ J i r ’ .- - o c n t - s  c r  - ‘ rro~~it i v ’ -  steps to’-arJ lessening
I Iso I U-c i s , j ’  jr_-s. In or- ’ - r pa rt I c i p tr ’ in t n ’  f I oo’I insurance p req rai n ,
m o -m im i ties must show e v l C e n e e o f :  (a )  m ’ - s t r i c t i n c o  .b-vc’l m , c ne-cm t of l a n _ i

• ~l X t ’ n i5Cr !  to f l oor)  h,ninmi! s ; (h) g u i d i ng  dcrvc lop- o r - n t  o f proposed cons t r u c t  i on
away fror-m floo d prone c r c - a ’ , ; (c) assist inr~ in r0 - C o o  i nq d,ir - i ,t , ;r’ caused by

I oo’Cs and (U) mpnc )vi ng the long ra r r - ; e  1 o n C  m a c r a p e - - f t - c i t  and use of flood
prone areas.

Jt i l izat io r ’ of flood p l a i n  inf orma tion w i l l  be one of the major requi re—
“ u _ - m e t S  i n future coinnur -nity planning . Consideration ~ t e x i s t i n g  and antici-
pa te-C flood prob lu-- r s m c i  Il Ce t --s en t i a l  , n e t  onl y as they r e l a t e  to p re s e n t

I .~ 
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u r l - ~e, _-- ‘ - ‘ o t r ’ r s  , but also tm c - a l I cur -co- ou r’ i t  lo s , jr~~O t o  ‘ro se uni ‘ C en t  i f  i ad Ie
areas t ’i, mt  - -~~I I be - ‘ m- v e lo pe d  a- u r t  rr c c - n t n r r s  in  t ’ ,c f u t u r e .  F l o od p l a i n
i’ilcr nra t i ’ ,n c n i - p m  r t s  f -  r S ’ O C !  1 i C  r, ’ac hes & Str r_ a ’ ’s ar t .- p r - r o a r e r ’ i 1 1 00

r”q j , ’s t  of l o c a l  i n te r e s t ’ ,. 1 typ ical rep ort w i l l  i n — c l u b ’  -mi ps or photo
; ‘CS,i i cs , ‘too C n r r e 1 l i m o ’ ;, ch- imt s, t .i~~lcs , ph o t o - i r a t e ’ s , , t o -  na r r a t i v e  r ” a t e _ - r i  il
m m  1 ) 1  r -~ . tc ’ n t , - I c - p t ’ ; , vu 1CC I v - cod du rat ion of floor s , and s I -- - I 1 o r - 1 - it - n
on ~ loods t h a t  nay be rca’, - c r ab  b y e t i c c t ee l  in the f u t o m  rn

Tech ni c a l  s e n v i m o ’ . ,in’C gu i - m o s t ’  a re  pmov n oi ’ ’ C to assist in  t e d  i r n t r  m —
pm e ’,ct ion of flood -d ata and t ’c” p r r ’pa r -n ti on c~f flood p l a i n  rc’ -’n u b - i tio n s ,
I’;,’ u’ services also inclu d e  S’jnq~~st m c ’  t C ’)ud- - ,-ay areas , co -Idl u - n t 09 O)ii’
e f ~~- _ t  of those floodr-ca’,s on flo e - ’ ‘u - i gh t s , a s S t s t i n o d  i c r  e v a l ua t i n r ;  f l ood
da t a  conce rn ing  l o ca t io n o 1 p u f ’ l i c t i u i l d i n g s  and su~- d i v i s i o n s  an - C o t he r
I~~nd uses , p rov id i nn  Ic ’ f u r ~~~t i o n  on floe-I proofing, aord cot l e ’ c t i nq  and
d i ‘ s i c ;  - I nat i nq d a t a  on 1 onad I os 5 • - m i  - , an ] mes ‘~‘u rce c e - c e  I ‘ ‘ p m - c e n t

F r - , - -  1965 to January l” ,’O t’ -r ec f lood p l a i n  i n fo r ’ - - a t i o n  r e p o r ts  w e r e
c c r-c p t e t e e  - N u-- ec ’mo us flood ¶m a .’ar .l report s -c cr r_ - -3 Iso prepared f ; m r  Fecera l
and non-Fe mier - i l agenc ies  l u r i n g  th is period . ‘-‘a r -y communities w i t ’ ; expan -

i n - c pop u lations are e~ p’-cted to cave  flood prob l ems in the f u t u r e - , It
is  a t  i c i m l a t e  I t a t  by 2)20 flood p l a i n  i n f o r m a t i o n  r .’pr~m r t s w i l l  be pre—
pa red or al I co’me ’run i t  i es c-c i t  1 r I yn if i cant f I ood p role 1 cr - is  . I ri add i t ion

“un,.Cre d s  of f l ood  i,jj~~r- I  reports oc i 11  be prepared for  s p e c i f i c  areas t a t

are now ‘me veloped or c l - o re  new deve lopment c- m i 1 1  be p ro o oscd .

C 0 S t  5

E~~t i s j t c o C  cos t s f o r  t ’ -c n o n s t r u c t u r a l f l ood  p la i n  management prog ram
a r c - ca sed on I i m r i  C e ’ ’ iC ,i t a O C m C  0 i c e d fronr o ther  rn- :  ions and on p r i o r  s t u d ie s

— r i  f ) pool p rob l~~r-m s - ‘c i t ’ r  ii t ’ me I ‘.e , .‘~~
- r C o l e  - ra do Fee ion . These a ta i i ;  n c a t e

C _ - n o  na t u r e  an-I e x t e n t  of pr o s-o mi t develo p ncent in the f100d p lains . These
( Iota , C o - ; - t t mr _ -m ci t tm o ecU ‘ates of poSs l O l t ’  f u tu re  q r o ,- et - , - i i v ’ ’ s in e ;’- r ; cne r- c l
i n ’ C i ca t  ion o~ the prob- ,ib l,- cos t  uf  t ho  p r o r e m a - - -  t ha t  ‘m ould i n d u C e  f too- i
p l a ir  in ’ - - r ’ o a t io r i  r r - 1 : e j r t ,5 , l a r d ’ ’ m n r - j i _ - n t i o n  an - 1 

~‘ - v - l - u , , - r o t , flood p r ’ u - f i ny ,
le nd f i l l , - i m ’ d land pur r_ r o s e ’ ’  f r  open s p ic - ’ . C o s t s  1 e n  non s t r u c t u r a l
f l 0’ , d  p 1 t i n  ‘ - -i n,iq e t  are s r m -o ’ - c - ir i.’ e- , - am, f o c I  l o r s :

C os t s  ~‘ e r  t l r ) ns t r u c t u r a l Flood P l a i n  ‘~a reciq ” ’’i’ r e t ( $ 1 ,000)

s T r fl~~~~~~~~~~ l~~~~ -l ~~~~ l) ,~ l 2fl iC -j 
____ ____

L oo n f - t I n  r, C ,  - 3, , 5, l’i ’. : -;
L ot le Colorado 1 ,2 12 I ,:‘)I
C i a  l D , 1t 32 l d , ’ m n ’,~ 2 ’~ , ,.‘ -

P n ’ - ; i o n  T o t i l  l h ,’t ,, t 23,~4~43 3 , 3’,,/

I x  - h 1

_______________ ______ 4r :‘ - —
~~~
‘
~~

-
~~~
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SUfIMARY OF COSTS

Costs for the 1)c -2 0 flood control preq r ir-’ -.-nou l d be shared fry t im e
F e - C o r a l  q ov em n-rent and non-Federal int o -rests. ~~ ‘ - ‘ -  , n ’ r r ,u r ; t of p- c r t i c i ; - t i o n
C r y  Federa l and n o n - F e - C o r a l  interests -.qou ld be base ! on t ’ oc n , r t  r io of bene f i t s
(national , reg ional , or loca l) derived from ; the prop -sod flood corrtro l
i -- ‘ p r mv r ~n m p n t s  . Genera l l y , t Ine Fe’le ma 1 govo r r ’ - ~~’ nt coil Id be respons  i ho °nr
const  muct ion and  for operation and 0 o,i~ ntena ncce i f t ’  m m _ - ’ier ’- ’ f I t~ - ,,-i_ - m o- ’d’ - nn_ - ma !
and -.-u i - i t -spread . If the project u-iou ld provide b c  I hr -is - f i t s  pm Inc m i l y
t h e  Fe de ra l  yoverno ni- nt might he responsible fo r  c o n s t r u c t i o n , jc ’m J n~~n
Fe~Ccr , i l i n t e r e s t s  wou ld  he r e s p o n s i b l e  for t oe’ a c q u i s i t i o n  of r ig hts-of-
-c ay and for o p e r a t i o n  and ma in ten a nce .

The cost of i’ - rp le me nt ing f lood  p l a i n  r e g u l a t i o n s  wou ld  be m a i n l y a
non-Federal responsibility. The Federal proportion of this cost  w ou ld
be the cost of preparing flood p l a i n  inform ation reports and prov i - l ing
othe r technical services to States ari d loc al agencies. Operation and main-
tenance costs invo l ved in the flood p lain regulation p rogram would be non-
Federa l cos ts .

The estimated total cost of the 1966-2020 flood contro l pro gnar m would
be about $9Li~4 m i l l i o n  (1965 dollars). Federal and non-Fe - Coral costs for
installation and operation , maintenance , and rep lacement are shown in ta les
10 , l O a  an d 1db  by levees and channels , f l o o d  co nt ro l  r e s e r v o i r s , and
nonstructura l measures wh i ch include flood forecastin g , la nd tre -’ctm ent
and management as it app lies to flood contro l , and nons tructur al flood
p lain management. Ti le divi s i on of costs between Fed eral and non-Fe deral
is based on their participation as described in the preceding o ar a ’ m r ammo s ,
A sumary of costs is shown in the following tabu l? tlon.
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Surwnary of Costs of Flood Control Proyra’r (51 ,iud)

~~ibreg ion , Sta te 
— 

l’JFY~~19R0 19B1-2 000 200 ! ”2 02 0
Fede ral and In s t a l l  - Annua l Ins tal 1- AnnuaT I n s t a l l  - Annua l

Non-Federal ation OM&R at ion OH&R at ion OM&R

SUBR EGI iN

Lower -‘lain Stem
Fe de ra l 69,226 1149 149,259 33 12 ,727 108
Non-Federa l 6~ 5O8 220 l14~~l47 219 8 , 3 76  97

Subtota l 7 5 , 7 3 4  ~ 63,4(~6 252 21 ,103

Lit tle Colorado
Federal 2l ,~477 48 12 ,675 39 8 ,930 b ib
Non-Federa l 1 ,813 07 2 ,483 76 ~-i - - -

Subtotal 23,290 T~~ 13,158 TT~ t~~T~2

G i  Ia
Fede ral 228 ,899 1418 211 ,406 193 166 ,592 ‘°mO fr
hon-F ederal 31 ,552 895 47~~ l3 8 865 tt6 ,682 — 

72 -0
S ubto ta l  ~6b ,45l 1 ,313 258,9~ l’7~~

’
~ 2 1 3 , 211 1 ,326

O e .ion Tot-i l 359,1475 1 , 837 337, 108 1 ,425 24 7,529 1 ,704

STATI

Ar  I zona
Fede ral 285,520 531 225,358 2’6 176 ,072 758
Non-Federa l 36,270 1 ,130 5 1 ,023 _ 951+ 55 ,513 801

- ui- total 321 ,790 T,G61 276,381 1 ,190 231 ,585 1 ,559

Nevada
Fede ral 3,609 23 38,642 9 6 ,1404 25
NEon -Federa l 2 ,334 26 10 ,912 143 2,814 31

Subtotal 5,~ 43 1~ 149,554 152 9,218

N~w Ilexico
1 edera l 26 ,658 5 1 5 ,848 16 3 ,638 33
Non- Federa l 881 49 1)19 47 760 45

Subtotal 27,539 T~~ 7,567 ~~~ 4 ,398

Utah
Federal 3, 815 1 0 3, 1492 4 2 , 135 2
Non-Federal 388 17 11 4 16 193 9

Subtotal ~,2O) ~7 3,6O~ ~~5 2,32B~ Ti

‘~‘-q iO n Total 39 , 475 1 ,837 337, 1 08 1 ,425 247,529 1 ,704
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LAND REQU I REMENTS

La n - i  rr’n’j i remc nts f-j r the l -~6(-2O2O flood control prog ran for levees ,
:- m , cnn e l s . da ms , outlet ~‘o mi ,s , ~nd reservoir areas total about 259,300 acres.
A ‘, ,~ 

- - c r y  of t o  lan i requi renents by States is  g iven in the fol lo cc ing
tO o ), Jlat ion :

Land Requi memen~~

tub reg ion State  Acres
1966-1980 19ff1-2000 2 0 0 1 - 2 0 2 )

La- .~er t t c n i n  S ten  A r i z o n a  29,700 5, 3)0 14 ,000
N evada  2 ,000 12 ,1400 1 ,600
Utah 1 ,000 2 00 1 , 100

L i t t l e Colorado A rizona -j, lOO ‘i ,500 3,500
New M c x i c ~ 3 , 230 100 200

01 la Arizona 103,200 36 ,f0O 34 ,600
New Mexico 4,100 0 2 ,1400

Reg ion Total 152 ,300 ad ,600 47,420

0-luch of the land required for flood control would be availa t o - le for
other purposes most of the time . These purposes would include but not
‘me l i m i t e d  to recre ation , w i l d l i f e , agr icultural crops , grazing , and
open space .
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PO T E N T I A L  TO S A T I S F Y  FUTURE OIEEDS

D I S C U S S  I ‘ mb

Potential measures cons i dered for use in nr leeting t h e  future needs
fo r  flood control are analyzed in this chapter . Past experience points
to an increase in flood damaci e as r i.e r valley s are more fully developed.
The increase in the amount of protection prov ided by eng ineering works
has lot kept pace with the rap i d l y increasing amount of flood damage that
is occurring in these developing areas. Howe ve r , i t is recogn ized that
i t would not be ph y s i c a l l y  or econom i cally feasible to e l i m i n a t e  a l l  floo d
da’~ayes. Na t i o n a l  goals of economic e ffi ciency are realized in flood damage
prevention p lannin q when net monetary benefits expressed i n  term ’s of re-
d uction in average annual floo d damages are maximized . Howeve r , e f f i c i ency
is not the only objective . Other rra j or objecti ves include wel l -be i n g of
peop le , environmental q u a l i t y ,  and  reg ional development.

A sing le-purpose plan for flood control and da”~imo ;c p r e v e n t io n  was
prepare -) for the M O D I F I E D  OBERS projections of population and economic
l ev e l of d e v e l o p men t , except for those areas whe re “u ltirle-p u rpose projects
have been authorized ( 197 0 ) .

th e potential flood control ari d dao n~ oje prevention progra m consists
~~4 a combination of stru ct.jra l and nonstructura l measures and public policy
decisions that would appear to present the best soluti on to flood proble m ’s
in t’o e Reg ion . The proposed program would provide for flood con t ro l storage ,
levees , channe l improvements , flood forecas ting , land t reat” o’nt and mana ge-
r e n t , and nonstructu ra l flood p l a i n  management. Implementation of the
progra m ’ would reduce the estimated present (1965) flood damages and prevent
‘,ea;’ne o1 t ee projected future flood damages. Wi th no add i t i o n a l  flood con-
trol ~c e a s u r e . , after l~ 65 , annual flood damages of $310 ,000 ,000 are estima ted
b-j the year 2020. Howeve r , w ith implementation of the flood control program ,
re ’ocaini n g damages of onl y $68,050,000 are estimated by the year 2 02 0 ,
(See tables 8 and 9b and fi gure 14.) A sumary of the remaining annual
d ao’car ,c-, is g iven in the followin g tabulat ion .

Remainin g Damages (~~l ,000)

Subreg ion 1980 2000 2020

Le ~~ier ‘l~~ l f l  Stem 1 1 ,327 13,795 19,600
L i t tle Colorado 3,0/C 3,729 5,730
C i Ia 32j4~ 42,720

- e q ion  Tota l 140 ,3 143 49 , 6 73 68 ,050

-
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Fi qure 4. Effects of the flood control program .
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Flooa c m n t rol r e - , c r v r ’ i r ’  can i n c r e a s e  t i c  w a t e r  supply in the Reqi er
by sto rin o f l m m o d w i t c r . A s i n q b e  purpose flood con t ro l r e s e r v - i r  Je t ui n s
-m ost of  the r u n o f f  resu l tinn ron’ i storm in the dra inage basin upstream
0 ’ the dam ’. Te re reser~ - - i r is a l b owed to drain over a period of time wh ich
m e r i t s  r~~re t i - i t ’  tor water o’c r cob ,i tion into t ’e croundwater b a sin. The
n u l t i p le reser~ oir wi th stora e e space desi gnated for water con servation
.-* u ld  r e t a i n  the I loodm- - at er unt  1 i t  .-m,i s requested. t o r e  p r o j e c t s  in t ’ re
L( -~-~c r  C o l o r a c o  -°~en io n , t he 1’ I w-mt m P e s , - r v o i  r (co mp l e t e d  in lY 3) and the
author i zed s a n t a  Rosa ~~r s h  Prc~~-ct (St. C l a i r  Peservoir), have water con—
‘ e r v a t i o n  s t o r a q e . I t  i s  e s t i m a t e d  t h a t  a- out ) ,i0O a c r e - f e e t  o~ w a t e r
per ~,- e a r  would ye aided to ~- -e keg ion water suppl y. F rom t’ e t a u t h o r i z e d
channel  i - - p r o ; e - - e n t  p r o j e c t s  on the C i  la and Salt r i-ir- r s , it is estH- ated
t ha t  t ”e  -io’.- m n s t r e a ’ ’  w a t e r f l ~~o would be increas e: Dv -snout ) F~ ,-9-0-2 acre —
f eet per -/cur Dv clea rin g s a lt cedar and o t ’ e r  vem a . - t a t i v i i  g ro w t h  from - tne
Ch annel s . - e clearin g would affect other resources , such as the en-i i rornent
and t he  h abitat of so me species of w i l d l i f e .

The flood control pro gram should not oierlooL a r c te ntia l flood threat
t au t m-av he caused from dam’ f a i l u - - e .  D u r i n g  t he  pas t  half centur y or more ,
nan ,’ -Ja’s .-Jerc b u i l t  u sin a hydrolog ic arid des i gn dat a that nay be i na d e n u c t e

- - -n en co ris i’er i- d un d er present- -day c r i t e r i a .  Lach State s or ould i n i t i a t e
an -~spec tior r r ro g ram - i n  the 1966-193’) t i r e  fra m- -c . T hi s s hou l d  be f o l l o w e d
hy  a r e h a b i l i t a t i o n  p r o g r a m  to b rin a a l l  dams up to an acce rtab le standar D
of safety.

L b V I P O N M L N T A L  CO N S i DE RAT IONS

P- e de-.’elop--m ent of  pl ans for future 1b oo d con t rol Projects i nv cl-i ed
in tree comprehensive proqram for the Lower Colorado Reg ion would include
d e tai le - cons ii erati o r - of tne en v i rc n rae n tab  quality . [vi-rv effort would
be ‘ a j e  to -~eet in a ti—i- lv m anner t’e ecolog i ca l needs ~f the people in
t ’ e  a t f ected p r o ’ e c t  areas in the Reg ion. Envir onm en ta l plannin g in con-
nec ’ ioi - w i t h  such project plann ing w o u l d  conside r , but not be l i m i t e d  to ,
rec re ati on , fish and ,ii I d l i fe , and esthetic aspects of the area , an d t im e
preservation o’ uniqu e or historic sites. Suc -- p l a n n i n g  would also con-
S i - o c r  t r c~ pr es er ii ti ’cn and enhancement of ex i s t i n g  c’pen space , or the cre-
at ion of open space , to be used i n  consonance with zonin c and develop oom ent
plans o~ local and reg ional planning agencies . Arm a d d i ti ona l  con s i d e ra t i on
in eni ironmen ta l pla nning would involve the pr es ervation of stream s , or
c e r t a i n  reaches thereof , in accordance w i t h  t~rt ~ W i l d  and Scen i c  R i v e r s
A ct ~ f ~~~

re e rr ea tio nal dev elopment would prov i de for water-oriented activities
such as boating , s w i mm i n g ,  water skiin g , and fishing ; and land-based activi-
ties such as horseback riding , h i king, bicycling , and picnicking. The
provision of rest areas would also be cons idered,
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Environmental p lanning would include b e a u t i f i c a t i o n  measures by t - -e
prr ’serva ti u n or a f f l t i o n  of la n d s c a p i ng  f e a t u r e ”; and of v e - q e ’ t a t i .-e p lant-
i n s , such as trees , shrubs , and ground cover; t e  pm v i s i on of pr r e ne r l y
de siqne -J access and maintenance roads with nativ e p lan ’in c s alongsid e ,
in ) t”e use of arch i tect u ral concrete , a l l  to ic e m p loyed in an e ff - ,r~
to enhance the natural scene - So-- me of trc se measur es woul d h e ne l it wild-
l i f e. I t not , m i t i q a t i o n  pro grams tf rrouq m coopera tii r- efforts airm e n agencies
,-ioulj seek to min in i ;e  the loss of f i s h  arid w i l d l i f e  h~~’m i t , t .

CONSTRAINTS

Constraints t o t  -ay delay the inp le - n e r ’ t a t i o n  of t i e  f l ood  con t ro l
program inclu d e Fe dera l agencies policies , local a’;encies fi n a n c i a l
c i p a n i  l i tv , avai l a b i l i t y  of F unds , Sta te and l oca l  agenc ies  a u t h o r i t i e s ,
u ’lan qin ’: social conditions , and env i r - a r ,rr e n tal consi d er ations.

Fede ral agencies policies of cost sharin g by local aqencies in t e e
construction of flood con t rol projects are dir c ’ t i y related to the fi n a n c i a l
capability constraint of local ae~encie s. Competition for funds by other
prog r ams and the lack of local incentives to imp le - ’-ent measures to r- -ducc
flood .Iamages nay preclude im ple er e ntation uf t e e  t m m t i i  fboo con ’ rul progra- -

L o c a l  agencies should have the authori ty to regulate t e e  u se  and
)eve bop-ne nt of t e e  flood p l a i ns a n~ to enter into contracts ;-l i t ’ m o t h er

ag e n c i e s  for  t hese  purpo s e s .  Cons t  a i n t s  on such au thorit y could be
r- ”-moved dv c a c o -  s t i t e m  p a s s i n g  e n a b l i n g  l e - i s l a t i o n . The S t a t e  of hew
‘Ie o i c O , for tr, a --ip le , enac te d leg i s l a t i o n  in Fe ruary 1270 p r o v id i ng  f r
count’,- and i u n i c i pa l pla nning and zon i ng f -m m lood control purposes.

t~ sta’ ’ - .-~ide - r i t e r  resource agency t e a t  would coo r )in a te t - e  v a r i o u s

~:atCr resources p l r’s anmJ assist local agencies is - ,e s i r a h l e. In u l d i t i o n ,
t i - i s Stat ” agency could be help ’- ~ ~in ev al uatinq chanq in o social conditions

en- u ronr ~ ‘ n ‘ al cons i- h’ rat ions r ~-vo  1 ve j  i n - ‘at e r  rose  j rce d t’ v r- l p ’ r - n

~e T UR E S T U D I E S

f e  nacl n i  t u b -  o f  the f l u e- I  proh l er:r i n d i c a t e s  t h e  rice f o r  a r e se a r c h
pr - r~~- - f o r  f lood fa m , r Dm reduct ion . S p e c i f i c  suggest ions for more det a ile d
‘,tm i fOes inc lu d e .

a.  -J rban -
‘ ~d r o l o g y an - )  rd u te~) pro - - 1 Cr’~5 c o n c e r n i n g  g re a t e r  runot

rcsu t m m ;  I re ,r - urb an i .‘- i t ion should be S t rj I t e d

b . De- ,~ r t hydro 1 ~ qy  shou I J be s tud i ed bcmL ,lu’~C a I a r q c  ea r t sf the
Pem ; ion I s i i i  In am i-i ,ire,)



c. Research should be conducte d to d e te rm ine t’ r pot e nti a l for tlood -
.~i- Jt er storage i n  underground reservoirs create - by nuc eir de u ces and
t ’ mc f e a s i b i l i t y  o~ fracturing rocks to create crcat e~ r i te’, of - er u obation .

d.  e ser ~~ch should be c o n a u c t e d  to  d e v e l r - p  s e t t e r  ‘m v d rol ort i c  n F C C b 5
t ou t can ~e used in studies to ;mprove flood fre rec ast i n g  se~~u ces.

e. Resea rch should be conducte d to j o-- p r o m- ic ‘loo d ..- i r r - i n q  systems
n v  study i rm a radar sound inu and other method -, used in rrec i p i t a t i c n  ‘o r e-
casts.

f . Fur t h er studies sh ould be made concerning the eva bu-i tion of a i t e r ’a -
t ive - -m ethods to nrov i ac flood pr otection in s p e c i f i c  ireas. These stu s ies
shou ld  i n c l u d e , but not be l im i ted tro , en viro n ’~-ent al considerations , non-
s t ructu r~m flooc p l a i n  manage m ent ricusure ’s 3 r r  open S P O C ’ o .

g. A Continuous review should be made of t e e pur c o m ’r o - n d  operation
of existing projects to insure t r e a t  each p r oj e c t  c on t i nue s  to ~ub t i l l  the
p u b l i c  needs.

CO N CLUS I ONS

The flood control pro gram - cons i dered for t re e Lm~ , e r  C o l o rado Re g ion
is designed to provi d e a f r a m - r ew u r k  plan to ‘meet projected needs tc the
year 2020 . This p rogra” , ,-if r i ch includes structural ,ird nonstr u ctura l - r-as~~res ,
c o n s i d e r s  not onl y the most des i ruble and effective net rroi~s ~f p reve nt ing
f l o o d  dama e-ee and o~ reducin g the f u t u r e  dama-;e p o t e n t i a l , hut a lso c c n s i c e r s
a l l  p ossib l e us es of land and water resources.

~~mc magni tude of annua l flood dar,a:e-, in t ’-e Lower C o l o r a d o  Reg ion
p resents ,) major proble m ’. T’ me per-ca Pit a share cf ex i s t i n g  ( 1 A 6 0 )  a r - nua l
f lood dama’oes is  e s t i m a t e s  it 5 L 2  based of  a pop ul - i t ion of 1 .~ m i l l i o n .
T h i s  amount is projected to increase to 51,5 per capita based on a popula-
tion of I .~~ m i l l i o n  in the year 202-D . “ lt ’io uq i - Hood Ja e- im:e ’ ,o ul d not
he completely eliminated because o ’ pf ’-,-s i ca l and ec omom ca l  f e i ’ - i b i l i t y
factors , - axi ’-run flood contro l protec ti on should o~’ ü n~ o~ t e e  - ‘- a e o r  ob jec-
tives to he considere d in the deve l “nt of a ite r and lani resources
plan ,

Any confli ct in use cr sp eci fi c i n f l i c t  or, th e enviro nmen t would 0 0

t’iorouqhl y an ab y .mea during subsequent s t u d H s .  P u b l i c  be a r i n g s  w o u l d  be
he l d , at wh Ich ti m e i n t e r  e’ , t e e l  persons .-~m a ld be qi  - c  ‘ m ,in o p p o r t u n i t y  to
express their needs and views .

To be effectua l , t i c  f ramework p lan - m u -,t be i m p l e m e n t e d  as a joint
loca l , State , and Fe deral ef fort. The plan is based on long-range p ro-
jec tions . Consequently , periodic revi e~i and revision w i l l  be necessary
to insu re that it is properl y respons i ve to changin g tir iec ’, m d  cond i t i ons .
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~1)TE hT I AL FL000 C0’JT~ OL PPOC PAM

The pot e ’i t i u b  lood control pro- ran , in c - f on “ flI F I E D mD LPS nr ’ ,~ec’ ions ,
consists r~~ a combination of various -,tru c t u r ~~I and -r~- ns tructur - m l rcas j rm -s .
T s e s e  ipoear to be thc most p r a c t i c i f l e , c o n s i d e r i n g  nrr ’sent soci a l goa ls ,
r-c unor m ic e,-el anne nt , and tome a c r i e v i n g  of a - c t  t er en-u i rem ‘ ‘ r o t .

‘me m e t ‘on i a I nroq ran- miou Id i nc I ode ~ , 3 1  , e a c r e ’ - f e e  m - f s t - -~ a-me
2J3 H es of levees , 1 1 2 1  ‘m il es of ch ann e l , an i m ’ mn r r - -u~ and -

~~~ . a rm ‘-2 flue )
fO recas t ing s e r v i c e , the a p plication of land treatment a n -r -r ansq e c’: t

p ractices to 733 , 0 - h  acres of la nJ for flood pr e-uie n t ion , and the appl ic a: ion
of n onstructurab flood p lai n  ra r nie rent  0- measur e s al o n - ; lG -5 ‘ii I - s  of s t r - ’,i~
c i u n n e l .  T’ee to tal costs of the pro - ran would be about S9~” mi l l i o n .
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/,LT E I-N AT I VI LE ,m[ LS OF DEVE LOP M EbT

‘~~c p recedin g moi te ri al in t h i S  appendix has dealt ex cbus i -i e l -i w ith
-to’m I FILD O u E ” s p r o j e c t e d  levels of deve l opment. These pr oj ections ‘-a c re
Je-.- eloped on t om e basis of reg iona l review and m odifi ca ti c - n s of th e March
Ii ,’~: O l m t P S  pre m e c t i o ns . R e v i s e d  p o p u l a t i o n  p r o j e c t i o n s  we~-s pr epared by
the O ffi ce of Bus i ness Economics in harch l-i(b .

T he d i fere r-ce O ) C t ,m ’en the DOERS Projectio ns for toe m’e- , i ~- n a n - : t’ae
-~02I~~lE D OiJ RS rroject ions used in dev el opin ’, the floo d co r tro l program
are nor-- Hal . however , f - c  diff erences between t e e projection s for t i:-
bcs t. r “a m Ste and  L i t t l e  Color ado Subre g i o n s  ~ire more s i n r i f i c a n t  t a n
f - c d i f ’ erence in toe projections for the G i l a  tubreg i r n .

T’m p DbE~~b p r o j e c t i o n s  she4- .- ed l e s s  c 1 an ove rall increase in t ic - oc
at the end of thc la - t tim e f rae-me (2020) t’m an t e e  increase SrI C~,.Jn

f ly t t me ~~~I~~I E D  OBL~~ pro ject ions. Projected flood du-’ : ‘ .,- e r e  ana l .z e d
f ly  us in j t o o  ‘:eneral ca te- : ri e s , a g ricultura l and n o n a n r i c u l t u r a l . I n
acHti or , t i e  da -a’re’, - -acre separated by t i m e  fra me s and s- jh r cs ron c . A gri-
cubtu r, i b rta—o ,-ir,es incl u m i ed those oc cu rrin g to forest and r a n g e r e s o u r c e s ,
cr op and pa s t u r e , ot h er a- ; r i c u l t u r a l , land , and p art of f -m e m u ~~li c  fac i l i t  ies
(s ee ‘reac i~~gs in tuol e Ii ) . Nona g ricul tura l danaqes included those occ u rrin - ,
tn forest and range t a c i l i t i € ’ - , , r e s i d e n t i a l , cc rn t- rci al , ind u s t r i a l , ut i l i -
ties , and rem a ining p u b l i c  f a c i l i t i e s  t tm - a t are not cons i de red an r i c u l t u r a l .

“ g r i cu l  tu ra l -ia -i m cs fo r t i e  ~e’,io n wer e  hi gber for t e e  l2(6 — bD ~~D
a”oJ l~~o l - 2 ° 0 f l  : i - - ~ - t ra— ’es w i t h  the D O E R S  p r o j e c t i o n s , f - u t  the ‘-‘ O D I F I E D
m Ji’E .S p r - j e c f i o n s  r e s u l t e -  in tne l a rg e r  ~fi”ages in the 20)I~~2m 20 tine

- - e m . The ‘~0~~I ~ i D DEt L~~S mc- ec ted  da mages .- ‘e re 1.05 t i men to - c OOE ~~.
- : m ”a- ,es . In t ” t ’ : — ~~-~’r  ~A a i n  Ste ’ Subre g ion , t he a r i r i c u l t u r a l da mages were
b e  ,- h p  r f o r  the “~ JO I F I i 0 O L u~ in a l l  t ree t i e  f r i  s . I n t -c Li t t  1~
Col orado Subreg ion , t h e P age s  ,- 4 0 r ’ -  t r e e  a ,  -~ ‘ or  b - -to’ p roje5: ions in t i e

f i r s t  ~~~
- - - t i  m - f~ c s  and t ’ -e hi ghe s t  for “ 2 - I f  l E D  O b i r - S  in to - c  l a s t  t i~~e

f r i -c , In  t he Gi  Ia S u b r e g i on , t ’ m e f i r s t  t o -  t i ’ - ~ ’ f r i — m e s  ‘m id - ‘m ’-re da- ’m a en
u s i n g  y e  OoL~ 5 r , r c - : i - c n  ions , hut in t i c  Ia’~t t i - m e  4 r e-’ -, , th e O N-lED Ob L RS
p r o 1 e~~t ion ir -i d the mcs t l a - m a - e s .

N o r i a g r i c u l  t u r ,  I p roj e c t e d  da na-Jes f o b  lc~ved t h e h gher t r e nd  of the
‘lO O N - l E D  ‘~B EkS r i r o j e c t i  — r n ’ . flre l a r m e s t  - ‘ c rease  in t he e d a m s r m ~es , a~m c h
w,o, ~~j

13 i — i l l  i cr  or 14 -  pe r c e n t  of the 10(5 damages , .-‘a’, in to , lO$l _ :mr, J 2
t i - i -  ir a~ c . Fur t m C  subrcr, ions , the Lower ‘f a in S te m bad t 1m, ’ l a r g e s t  p e r —

e~~-n t age uf c l . i r mj ~o in dan-ac es. The se  amo unts -- ‘c rc  1~5 p e r c e n t , 37 percent ,
~ percent for t lmi: t ree ti ’rc t rarme s . These increases fol lr ~-aed t h e  —

--i ’ ’ - e ral trend el t h ~ projected population differen ces. A surnrma r ’v ~ f the
present and projected ?‘O’u I F I L D  OBHeS and O 8ER S f lood damages is  shoe- n in
th e f o 1 l ~~~in g tabulation:
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Annua l Flood Damages ($1 ,000)

l97~ö 2000 
— 

2020
Sub reg ion Non- Non- Non - Non-

Ag ri- a c r i —  A g ri — a ci r i— A g r i —  a g r i- A g ri —  agri-
cu l - cul - C u l - cul- cul - cul- cu l - cul-
tural tura l tural tural tural tura l tural tura l

Lr~oc r
fla in Ste m

‘ l ( e [ ) I F i E i J  6 . 3 3 .8  9 .8  10.7 13 .6  29 .3  18.8 58 .2
? B L R S  6. 3  3 .8 9 .5  7. 1+ 13 . 1 21.4 16.8 5 3 . 7

L i t t l e
C o l o r a d o

‘-l )D I F I ED 0.’+ 2.0 0.5 3 .8 0.7 7.6 0.9 16.2
DBERS 0. 1-i 2.0 0 .5  3 . 7  0.7 6.o  0.8 12.9

Ci la
-IO DI FI ED 1 2-4 .6 13. 6 23.2 24.8 31 .5 6 8 . 8  41 .0 174 .9
OBE PS 14 .6 13.6 25.8 24 .1+ 32.5 68.0 1+0.1+ 173. 6

Reg ion
‘ l JD l f ’ I E O  2 1 .3 19. 4 33 .5 39.3 1+5 .8 105 .7 60.7 249.)
O BE RS 2 1 .3 19 .1+ 35.8 35.5 1+6.3 96. 3 58.0 240.2

Fl ood  fo recas t i n q, -~a t e r s h e d  l a n d t r e a tment and manage men t , an d struc-
t ural measures consisting of reservoirs , levees , and channels would c
t 1 ee s,i~-’e fo r  both OIlERS and MODIFIED OIlERS pro jections of grc~ith . i n the
L~~,er Mai n Ste com Subreg ion , the nonstructural flood pl a i n  management program
wou ld ,c larger for the MO D I F I E D  OBERS projections because of the appreci-
able increase in projected flood damages . In the L i t t l e  Colorado Subr og on ,
th e nons tr uctura l flood p lai n managemen t progra m - would be larger only ir-
the last ti +~ 

1rar’ re , which had the largest increase in projected damages.
In the Ci la Subre g ion , no increase in the progra m was proposed because
t e re  .-iere onl y minor changes in the projected damages.

The 11,6-2020 nons tru ctural flood plain management program is esti-
m a t e d  to cost about 53 m i l l i o n  more for the MODIFIED OBERS projections

than for t h e  OBER S pro jections. These cos ts are divided approxima tel y
equally between t ine f rames ,

The March l96~) pro jectio ns from the Offi ce of Business Economics gave
t i e population of the Lc~~er Colorado Reg i o n  as 77 pe rcent of the lj63 projec-
t i o n s . Assuming the same relationshi p between al l  three projection s ,
the proje c ted average annua l flood dama ges for the March 1969 projections
would be less than for ei ther of the other two projections in the year
2020 .

I X — 5 2

S
- - -—— -~~~~ -——~ . . 

- .‘- -



For the 196’) projections leve l of development , the proposed struc-
tural measures consist ing of reservoirs , levees , and channels for the 1966-
l0~~) ti -r e fr ame w o u l d  rema in  the same as for MODIFIED OBERS and 1968 uSERS
p r o j ec t i o n levels , becaus e these structures co nsisted mostly of those already
authorized (1970) but not constructed. For the las t two t i m e  frame s , the
structura l measures would be reduced by about 20 percent , a n d some o~ those
in the second time f r ame  may be shifted to the last time frame . The f l o o d
‘rorecas ting and watershed land treatment and mana ge—rent programs are assume d
to reni ain the same . The nonstructura l floo d plain r’-anagerlent program for
the 1066-1980 t i m e  frame would be the same as for the 1968 OBERS projections.
The program in the last two t i m e  frames would be less than the 1966 OBERS
program .
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TABLES 



[ IPI “Pa ‘ T I  ~~~~ rr~ 1,’\FI F S

t he taL - le s i n  t o m i s  a n o e m d i x  present data concerning pa st , present (1965) ,

an pro~~e C t e o l futur e f l r n~1 pm o 1- l e c ’ , in t ’ - i ’  Lc~-,e r r r lora’ Io  Peq ier i . 1 f - r i o ’
e-~rl r ’r -a t ,rn o~ t I re t~~-les is as follows :

Y afm le 1 — f\ ta hul  ~ i e~n 0~ pi- a l - f lc~-,’s and f l ood  dar’anrs 1or Sc’ b o c t o - P
hi ~ t i- r i  cal ( ioo ’s

Taf m b e 2 — 
~ t a  t , ’ r~~t Ner- 0 6 da t a on t 1mc , ‘ f f ect  (d am - a qe r,~- r 1u c t i c n \  l°(~
p rce j Cc ’ con -” t i ens r’iou ld  have h a d  on the h i~ no n ca t ‘ lood
d a--rmni ’ 51 1 m -Ir i n  t a b l e  1

T af ~ le 3 — ‘c t a f - - ° at on of en t i~’ rr i te m l damages tha t  orem j I d F e  e x n e c t e ~ to

to -  ca usn -  by a l a rge  f lood (O r- c o c c u r r e n c e  in lfl° v r ’ a rS  on
t0e averaqe ) on sel e cted Streams i~ t h e  ccenoe~ic ‘fe’,elr o p — ’ - n t

we re t o e  - ‘-cc as in 1065,

Tabl e 1+ — A ta h ub a ti re r of e-~eraqe annual flood damacte to se le cte
classifi ca ti on s of property.

Ta f—l e 5 — A t a ’ ulat ion cmf average annual 1lood damage in 1015 ~nP
futur e tar’:et dates. Future Par’ane figures -were
t ry  rnu l t i p ly rq t ’r e  10 (5  - 1 ar-an,r by arm a p p r o p r i a t e  Pm- ’ v ebo p- - - c n t
factor .

T ,ible 6 — ~ t a b i m lri t inn of the ‘lo oP contro l capacity of rp s r -rv n i rç

e x i s t i r c i  in 1’)(r and of those propr mse ’ 6 o e r  t h e t ’ m r n p t  years .

Ti F - le 7 —  -~ t a b u l a t i o n  of data cnn cerni nn levee a n t  c k anne l i ” - pr ne.-e-
rne rm ts e x i s t i n g  in 10(5 and those i’~mp rov e rme nts p rcep oscd ~nr

t i c  t a r i et  y e a r s .

T,- iI - le 8 — T hi s t able inm l icat es the f o l l~~-, i nq 6r- r the reg ion:

Col . 2 — flood damage under 101- ’ eco no-’ic ‘nd r r i e ie ct
conch tio n s as reflect ed in t ah le 1~

C ri l. 3 - Flood damage in cob . 2 ri rojected to 1qR q econom ic
c o n d i ti ons ,

Cob. 1+ - Per1 ucti on in flood damages in col , ‘
~ cr e r fi te e

to t ’ee lq 6A -l °Pfl f l o o d cont ro l  pro gram .
C o b .  S — Damages re — m i m ing in l’f °’O w i t f m  t ” e  I26E~~10i m fl

f l ood  contro l program in  operation .
m l. 6 — Flood ri ar ma g e s  r i n i m h ’ r  20°~

) economi c conditions
w i th the l (l( (_ l91~0 program in ope rat i o n .  Va lues
were obtained by m u l t i p l y ing co~~. 5 h’i a develop-
ment  f a c t o r  based on p r oj e c t e d  econom ic  g r o w t h .

~0l. 7 — Per li ,ct ion In flood damages in cob . ~ credite d
to the lqRl—7 OPfl flood control progr am .
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E XPL A NATI O N OF TABLES (Cont ’d ,)

Tab le 8 — C o n t i n ue d .

Cml . P — F lood damages re r rma in ino  in 20°~ wit ~ the b2tfl~~2000
flood contro l program in operati on .

r 0l, ‘1 — Flood dan - ma nes i n  y e a r  2020 w i t  ~~~l—? ~’°0 flood
c o n t r o l program in o pe ra t i o n .  V a lues o r - -r e oh—
t ai r r em t by r r m , j l t i p l y in~ col . P- by a -f evel rpn c ’rt
fa cm cm r based on pro jecte - ’ econo n -ic qrne-i~~h .

Col , b” ~f - Peduct ion i n flood damages in col . 9 creHt em to
the 200l-20? (r fboo- ~ contro l pr nror,I—.

Ccl. 1 1  — flood da”-en es remaining i n 2-~)2i) -,-j th th e 200l-2O2~
flood cont rol program ir operati on - .

T a t - b e  9 - A t a b u l a t i o n  of f l o o d  damage at  urban areas  in  t m ’ e reg ion ~ nd
ore indication of the type of program proposed for so lution of

the prob lems .

Table ‘)a - A tabulati o n of urban area damage p r o j e c t e d  to target years .

Table Oh — This table concerns 1boo d damage in urban areas and is S i n - m i bar
to Table P . The discussions o Table 8 apply to Tii lr lp 9h,

T if m l e s 10 ,
bOa C lOb — A ta hula tior m of estimated costs of t I e 6loO r~ contro l programs ,

proposed for the period 10 (6-10-90, l9~~l-7 flO~1 , and 2 ° f l l - 2 O 2 0 ,
resnect i ye ly.

Table II — A tahuba ti ren of data concerning tIre maximum floods of record ,
standard project floods , and 100—year floods on selected
streams , including estim ates of the reductions in t he flow
of these floods credited to the proposed f loo d control p ro-
gram .
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Table 5 - Estimated Average Annual Flood Damage for Present  and “uture Conditions
of Economic Developmen t with Existing Flood Control Me4tsures

Aver a & e annual flood damage if — ( $i ,000)
SUbregiOn an3 study area 1965 1980 2001 2020

economic economic economic economi c
conditi0n~ conditions conditions condi tions

LOWER MAI N STEM
Colorado River 3, 170 6 ,~ oo l~~,110 2~ ,82oVi rgin River  690 i , 1s20 3, 300 5, 100
Las Vega. Wash 1 ,175 3,963 10 ,600 23,500
Lower Otla River 5,085 ~~~~5 1*5 ,9*5 3 2 3 , 5 80
Subregion total 10,120 20 ,533 1s2 ,980

LOrOLE COLORADO
L i t t l e  c o l o r ad o  Ri ver ,
N. Mix. 3~o8 555 980

Li t t le  olorad o River , Ar l z ,
(m ci. Puerco River~ 695 1,255 2 , E01 5 ,830

LIt t l e  C olor ado Rive r , A ,r iz .
(below Puerco River~ ~~~~~ )C500
Subregion total 2,’~32 

1~.360 S ,32 17 . 101

I L.A
-lIl a River , N .  ?‘ex. ~s58 70 ’. 1, 1’ 3 1,’~90
Gila River (State line to

loolidge :,az 2 ,182 3, ’7~ ‘ , L ’ l1,~~5O
Oils  River Cos~1id ~’e ,am

to Salt Rive r )  ~s , ’550 ‘ .085 12 , R~.7 23 , °~1C
~‘ar ,ta  r-u r ~tver 8 , 130 13 ,920 f , L 1 2
Sal’. R sve r  ,2t-~’ i7 ,09~~ Ls ,5 , ’.t -3 113,~~L 2
Gila River ( 2 -a lt  E~1ver to

0 4~ ~4(’ o ‘S s
~/’ S 1/ 53 7- - “  ‘~~~~~~ ‘ ./I~~~~~~~ 

- - -

- oo r e~ 1-~ ‘~‘~‘~al 28, 1 ~“ ,960 100 , 3 ’ l

Region total IsO , 1’0 ~~~, 8’0 l~~1, f 50 3,10 , 020

1/ lamage bas ed on Jul y l)~s p r i c e s  and project con di t  3 , - n C ’, and estimated “: - - r , U r i c
(o r5- ~ i t i 0 f l B  for the  year shown .
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Table to — Flood Control a r a ci t y  for E x ist in g  end Potential Reservoi rs

— 
Flood control capacity 1/ — (1 ,000 ac— ft ) —

Sub region and study area ~-r c ’ec ’s Pro,~ecFs of ProJects  of Pro ’ect~ of
or  l~Ic~ - ~~~6u_ 1j - 3& - /  l)2 —~2 -- f l0  2/  2 10 1—2020 2/ Tot&.

LOWE? MATh STEM
Colorado Rive r 0,300 1,0 5 ) 3  23 29
‘;Irgir, Piver 15 .7 1~
Las Vegas Wash 0 8
Lover Gila Rive r C C ~

‘ - -‘

Subregion total ‘~7~T5 1 ,2’ - ”

LJI’1L3-; COLORADO
Little Colorado RIver, 0. ~‘f’ X .  0 0 0
Little Colorado Rive r , Art z .

(Inc . Puerco Piver~ 0 51 17 1
LIttle “otorado 1/ iva r , Ariz.

(bel~ i Puerco River ’
~ 0 20 2 3  - - - -‘ 0

—
~~~~~

- -
~
- - --Subregion ~oteJ, C - - SC ” - -

01 LA
l ila  River , N . Mex . ~1 1) ‘

~
“

Ills  2I’.’er ~ t ate line to
Coo li dge “sm) 22- 173 52 5 5 ~

C i la  River ( Coolidge 7an
to ‘ -a_ t Plver) ~~. 41/ P  Ps-fl

C axsta °‘ rn~z - ‘Ive r C) 72~ € 0  ~~~~ - ) 1

a l t  °iv’ r 11 1, - 1.7 - ‘ 1,
lila  R i v e r (0 a 4 Ive r ‘co

Painted Pock ) ‘ , - s
2’st~re~s-iOn I C P ” C C  , - - ‘ 2 , - - ~~~~~ - ‘

on tot ’t l 1’) , - 1 3 , - , - 5 ’ ( s -  / 
C 

- - -

IJ
~~s- ‘- -s r  ‘ . nss- - - ‘on ’ ro~ -a~ as-i ’  -o . 
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Table 9 — Eutlinated Average Annual Flood 2-&xr.a~y’ ‘ - c ’’.: Areas wI th Significan t Flood Problesoso

Av~ ra~e Annual Flood Dania~ e r $1 000) 
~JSubregion , s O u d y  area ar,d Damage :‘se s l _  5s~~- Ind- .as- Pu~~l 1c

stream Center d ’-’n’.jal r , ’ r — i a l  trsa and f a c i l i-  Total
_____________ - - 

-i~ 1iity ‘,I. e~s

‘a-.OWER MAIN CTkY
,Ci lorasic R i v e r

‘olorasi c F ’iv.r  ~aj c e Hava.u O f t.’ a- I. 17- 3 3 6o
‘c ior ado  ~ lv er  Rul l Read Cl ’ y 3)- 2
Colora4o R .  - e r  K i n ~~ an 55 12 10 5 80

V i r g i n  R i v e r
Tributaries St. ~~~~ 31 29 0 13

L&s Vaga. Wash
_*s Vega. ~aa-?s LaR Vegas 500 21.0 H. 35o 900

LI ~‘r 14E C -
- ‘,L PA

t ” i e  c , o r s o d o  a - i v e r , N . M e x .
,oerco RIver ;aiiur 15 23 1 1~ 55

Lit t le  Colorado River , Ar i z .
i r~c1. 2--jerco 0,Iver

Cilver :‘reek 3now 4’laks’ 55 3  7 L. 9 12
‘Ilve r ~reek Sho-v i ow 21 12 1
Cilver reek :5~~~~ay— 2aylor 39 I s 3 ‘ a-

,,!‘~, I e  Colorado P I v e r
° belov Puerco Riv e r)
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-,
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~~~

0 , -~e W&R’5 ~~3 Douglas 1551 ‘ - 2 -  25
i d e  wass , .. Benson ‘.2- 2’, 8

:rname i was hes ~5o 1lcox a-C 13 15
Santa J r u z  is- I ver

.‘r l t ~ o ’,&r 1 ’a  No galea -~ : 70 7
:lanta Cr 1/p slyer a r i

‘, r l b u t a r 1 e e  T ’ucs ’ - n ~,3 ‘°i’ 2- 1 - . s - 1 ,01.R
2-Is-li VCP s’CI E1OY 1.2- 5 I I  5 5)7

i - i c vashe. Ca se ;rer de (-0 ~~ 15 5 131’
Salt R i v e r

P in a l  Creek 2lo~-. ?‘~ s O  11 22 172
Pinal Creek Miam i 10 53 10 5
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• . leIt Pi,~ r end tributaries s5 )o ersjx Metro 3 ,330 638 T,’B .71. 5 , 1 C C
Oils Rive r  ;~~it River to

.tn t. - l  Rock )
W r - I t .  Tan k ~ounta in ,  P u c k .y e  25 15 1 3 50

1/ Damage 7- a g e- i  on July 19’ 5 r-rices . economic condiols - sns , 5,1:1 crC ,’e ’ 0 ’O n d l t i - s-rl -3 ,
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131 BL I

A rizona Crop and Livestock Reportirn Service , ~rizona Ao1 r i c u l t u r a l
Statistics

A r i zona Inters t ate Stre~~” Com m i s s i o n , ~I,iter 
Ti esou rces , ~ t - i t e  of A r i zo n a ,

)1)t 7
II

rlood Control D i s t r i c t  of Maric op a County, A ri zona , ‘ ConpreIiens i ve Flood
Control Program Report . 1 1963.

‘~aricopa County P lannin g and Zoning £~ep5srtment , ‘P l zs nninq Report for ~ i la
Be nd , Arizon a ,” December 5, 1960 .

C C W  ‘ e x i c o  S tate  E n g in eer O f f i c e . Water Resources of Nes-j (-lexi co , 19 1’ ?. ’ ’

Pacific-So uthwest Inter-A gency Comm ittee , Report of the ~1ater Mana,-~enent
Subco mm i t tee , Fra mework S t ud y G l o s s a r y. ” tlay J 9~ 9.

‘ini ted States Senate , Select committee on National Water Resources . ‘lat er
Re sources  A c t i v i t i e s  in the United States . Floo ds and Flood Contro l .
Pur suant to S. Res 148, 86th Congress. Jul y 1960.

U, S. Arm y , Cor ps of Eng i neers

“Desi gn Me mo r a n d u m  N o . 3, General Des i gn f o r  A lamo Rese rv o i r , b i l l
.- I i l l iams Rive r , Ariz ona ’ .’ 1 A p r i l  19611 .

Des i gn Me mo r a n d u m “(o. 1 , Hy d r o l o a y for  ~-l~o i t l ~~ Ra n ch Rese rv o i r ,
,,Lueen Creek , Ar i zona .’’ July 1957.

‘Memorandum No. 3, Gene ral Desi gn for Whit l ow Ranch , ‘
~ueen Creek ,

Arizo na . ’ June 1958.

‘Flood Damage Report on Storm and Floo d of 16-17 August 1963,
Gl e ndale-Maryv ,’ile Area , near P h o e n i x , A r i z o na .” June 19614.

‘‘Flood Damage Report on Storm and Flood of 9-1 I September 1964 ,
Upper Santa Cruz Rive r , Southern Arizona. ’’ 10 March 1965.

“Flood Damage Report on Storm and Flood of 16-19 Augus t 1963,
Granite Creek and Tr ibutaries , Presco tt , Arizona. ” March 196 k,.

‘Flood Damage Report , Storm and Flood of 12 August 19614, C h u r c h
Rock Schoo l and Indian Vi Hage , N ew Mexico. December 19614.

IIF100d Damage Report on Storm of 26-30 September 1962 , Santa Cruz
Rive r and San ta Rosa Wash , Southern Arizona .” November 1963.
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U . S . Army Cor p s of Enoineer s (continued)

“Flood Damage Report on Flood of Dpcemher 1965-January l96(- , S a l t
an d G i l a  R i v e rs , G ranite Reef Darn to G i l l e s p i e  Dam , A rizona. ” A p r i l  1966.

Flood Hazard Information , Santa Cru z R ive r , V i c i n i t y  of Sonoita Creek
Confluence , Santa Cr uz County , Arizo na.” Nove mber 1969.

‘‘Flood P l a i n  Information Study for Mar icopa County, Ariz ona , I n d i a n
Bend Wash Report. ’’ Ju ne 19614 .

‘F lood P l ain I nformation Study for Maricopa County , Arizona , Ca ve
C reek Report. ’’ Noverbe r l~~614.

‘ Flood Plain Information Study for Maricopa County, Arizona , Skunk
C reek Report. March 1965.

‘ Flood P l a i n  Informa tion Study for (laricopa County, A ri zona , W i c k e n b ur~
Report. ’’ Decer~te r 1965.

Flood p l a i n  Information Study for tlaricopa County, Ar i zona , New Rive r
Repor t. - A p r i 1  1967.

- ‘Flood P l a i n  Infor mation , L~~ie r Las Vegas Wash , Clark County, Nevada .’’
December 1967.

•IFloOd P l a i n  I nformation , Aq ua F r i a  R i v e r , Maricopa County , A rizona. C A

March 1968.

Gu idelines for Reducing Flood Da mages .” May 1967.

“I nterim Report on Survey fo r  Flood Con t ro l , P h o e n i x , Arizona and
Vic i n i t y  (Including New R iver) , G i l a  R i v e r  and  T r i b u t a r i e s , A r i z o n a
and New Mexico. ’ 1 January 15, 19614.

‘ I nterim Report on Survey for Flood Control , I n d i an Bend Wash , Ar i zona.”
A p r i l  15, 1962.

l l nteri m Report on Survey , Flood Contro l , Gi l a  R i v e r  and Tr ibutaries
Above Sal t Rive r , Arizona and New Mexico, ” December 1 , 1945.

“In terim Repor t on Survey, Flood Con t ro l , Lower Aqua Fr ia Rive r and
Vic i n i t y ,  G i l a  R i v e r B a s i n , Arizona. ’’ December 10 , 1952.

In teri m Report , Gi l a Rive r and Tribu taries Below G i l l e s p i e  Dam ,
Arizo na. ’’ September 1 , l9~i8,

‘Interim Report on Survey of G i l a  Rive r and Trib utaries in the V i c i n i t y
of Tucson , Arizona . ’ November 20 , 11 ) 145.

“ In ter im Report on Survey , Flood Control , ‘ ) e o - ow Valle y Wash and Lower
Mudd y R i v e r , Nevada .” November 15 , 1948.
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U. S. A r t y 1 Corps of Enqi rle er s (continued)

‘‘Interim ~eport on Survey for Floo d Control , G i l a  and Salt Ri ver s ,
G i l l e s p i e  Dam to McDowell Dam Site , Arizo na. ’ Dece mber L4 , ~~~~

‘ ‘ I n t e r i m  ep o r t  on Survey for Flood Control , S-snta Rosa ,J,) f. H ,

A r zona . - Au gust I , 196 3.

‘‘ Interim Report on Survey for Flood Con trol , Pinal Creek and T r i b u -
taries , Isri zona .’’ September 15, 19 6 1 .

‘In te ri m Report on Survey for Flood Control , G i l a  R i v e r , With Particul a r
Re fe rence  to a D~ ” at or near the Came l sback  Dam S i  te .  - May 1 , l’Jc-9 .

Pre l i ’- inary Examination Report , Flood Con tro l , Ilassayarrpa R ive r ,
A rizona . ’ January 20 , 1938.

‘‘ Reconnaissance Report on ~i i licox , A r i z o na , and ‘Ji c i nity .~ J une 1964 .

‘Re port on Flood of 21 Auaus t 1957, Las Vegas and V i c i n i t y ,  Nevada .’ ’

16 September 1957.

‘Repor t on Flood of 13 June 1955, Las Ve qas and V i c i n i t y ,  t~evada .’’
J u l y 6 , l~~55 .

‘Repo rt on Floods of 3 1 October  19 57.  Santa Rosa Wash , Queen Creek ,
and V i c i n i t y ,  A rizona. ‘ Feb ruary 28, 1953.

01 ep ort on Rese rvoir Re gulation for Flood Control Storage at Hoove r
ian and Lake Niead .’ September 1955, Rev i sed N ove mb e r  963.

‘ Report on Survey for Flood Control , G i l a  R i v e r , Ca meisback Reservoi r
Si te to Sa l t ~‘iver , Ar izona .’’ December 31 , 1957.

r ep o r t  on S u r v e y  for Flood Con trol , Las Vegas Wash and Tributaries ,
L a s  ‘.‘ eqas and ‘ J i c i n i t y ,  Nevada. ” September 30, 1959 .

i’erort on Survey , Flood Con t ro l , Gi l a  River .( Tribu taries Above
Coo l i dge Dam , A r i z o n a  and New Mexico. ” December 1 , 194 1 .

‘‘Report on Survey, flood Control , Vir g i n River and Tributaries in
!~e -iada , rsrizona , a nd U tah .” June 20 , 19 142 .

5 - e v i e w  Repo rt for Flood Control , ~,1 i ns1ow , Arizona and Vic i n i t y . ’’
December 15 , 196 1 .

‘R eview ~epor t of F lood Con t rol , G i l a  R ive r and Tributaries , Downstrea m
from Painted Rock Reservoir , Arizona. ’ ’ A p r i l  1 , 1961.

‘
~ evicw Report on Inte ri m Report for Flood Con t ro l , Tucson and V i c i n i t y ,
G i Pa k s v e r 8,isin , Ari zona and New Mexico .” Jan uary 26 , 1959 .
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U . S . Army , Cor ps of Eng i neers (continued)

‘Survey , Flood Control , B i l l  W illiams and Tributaries , Ar i zona.”
January 15, 191+1 .

‘‘Survey , Flood Control , Little Colorado River and Its Tributaries
Upstream from the Boundary of the ~lavajo Indian Reservation in
Arizona . ‘ December 5, 19 149 .

‘Survey Report , Flood Control , Queen Creek , Arizona. ” Februa ry 2, 1946.

‘‘Water Resources Deve l opment ” in New Mexico , January 19(5.

‘Water Resources Development ” in titan , Janua ry 1 96 5.

‘Water Resources Development ” in Arizona , January 1 965.

‘Water Resources Development ” in Nevada , Jan ua ry 1965.

U . S. Bureau of Reclamation , Reg ion 3, Doulder City, Nevada.

‘‘Draft Report , Comprehensive River Management Plan , Lower Colorado
Rive r , Vuma Division. ” Colorado Rive r Fron t Work and Levee System ,
Ari zona - California . A pri l 1966.

“Draft Report , Comprehens i ve Plan , Lower Colorado Rive r Channe lization ,
Parker Division. ” Colorado River Front Work and Levee System , Arizona
- California. September 1965.

“Lower Colorado Rive r Wa te r Salvage Phreatop hy te Control , A r i z o n a  —

California - Ne v a d a .” Reconnaissance Report , June  1963.

‘‘Report on Comprehens i ve Rive r Management Plan , Lowe r Colo rado  R i v e r ,
Topcok George Division ,” Colorado Rive r Front Work and Levee System ,
Arizona - California. August 1967.

‘Report on Di xi e Project , Utah .” Project Development Report.
October 1961.

U. S . Departme nt of Agriculture , Soil Conservation Service .

“Economics Guide for Watershed Protection on Flood Prevention .”
March 19614.

‘‘Inven tory of Arizona Soil and Water Conservation Needs.” A Multi-
A gency Report. 1970 .

“Various Storm Reports. ”

“Watershed Protection Handbook .” Augus t 1967.
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U. S . Departm ent of A g ricu l tur e , Soil Conservation Service (continued)

“,latershed ‘JorL P lan , Ap~icbe Junct ion - G i l b e r t  ‘-I,)tCrShe rf .’’ M a r i c o p a

and P in,~l Counties , Arizona. Januar y M6 3 .

‘,~aters hp -~ ~
‘o rk P l a n , Buckeye ~atershed.

’ ’ Maricopa County, Arizo na .
-)c tohc’r 1963.

‘Watershed 1ork Plan , Uuckhorn-Mesa ~Iatershed.
’ ’ M aricopa and P i n a l

Counties , Ari zona. Januar y 1963.

‘ Wa tershed Work Man , Flore nce Area Watershed. ’’ Pjn al County,
Arizona . October 1961.

‘Wa tershed Work Plan , Fredo nia Watershed. ’ Cocoriino County, A rizona.
February 1o68.

‘Watershed Work Plan , Frye Creek-Stockton Wash Watershed. ” Gra ham
County , Arizona . Sep tember 1952,

‘‘Wa tershed ‘Work Plan , Guada l upe Watershed .” Mar ico pa County , Arizona .
Revie w Draft , J u l y 1970 .

“Watershed Work Plan , Har quaha la Valley Watershed. ” t-laricopa and
Y urma Countie s , Ari zona . Janua ry 1967.

“Wa tershed Work Plan , Magma Watershed .” Pi na l County, A r i z o n a .
Augus t 1960 .

“Wa tershed Work Plan , P a r i l l a  Mountain Wa tershed. ” Cochise Cou nty ,
Ar i zona . A p r i l  1970 .

‘ ‘Watershed Work Plan , Upper Frisco Watershed. ” Cat ron County , New
Mexico , and Apache County , Arizona, May 1964 .

‘Watershed Work Plan , Uppe r G i l a Valley Arroyos Watershed No. 1 .”
Grant County, New MexiCo. October 1959 .

‘‘Watershed Work Plan , Upper Meadow Valley Wash Watershed. ” Linc oln
County , Nevada . A ugus t 1959 .

‘~‘Iatershed Work Plan , Vanar Wash Wa tershed. ” Cochise Count y, Arizona
and Hid a l qo County , New Mexico. September 1964 .

“Wa tershed Work Plan , Vir g i n  Valley Watershed. ” Cla rk and Lincoln
Counties , Nevada , and Mojave County , Arizona. October 1962.

“Wa tershed Work Plan , Warner Draw Watershed.” Washington County ,
U t a h . Draft , J a n u a r y  196 8.
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U. S . f l c p a rt r - - -m t  of A 9ri c u l t u r c , Soil Con servati (’n Service (continued)

“Wa tershed Work Plan , W i l l i a ms-Chandler Watershed. ” Mari copa and
P i nal  Co un t ies , A rizona. January 1963.

‘‘Work Plan , Whi te Tanks Watershed. ’’ Mari copa County , Arizona. i’r’ ri I 1 954 .

U. S . Depa r tment of Ag ricultu re , Soil Conservati on Service . Salt Rive r
Valle y Water Users Association and Arizona Exp erim ent Station ,
Phoe n i x , Ar i zona . “Wa ter Supply Outlook for Arizona and Federal-
S tate—Private Cooperative Snow Surveys . ‘ Report Prepared by
R i chard ‘~-1 . E nz.

U. S. Department of Coninerce , Bu reau of Census , ‘ ‘IJ .S . Ce nsus of
A g r i c u l ture , 1964 .’’

U . S . Depa r tment of Interior

“The Colorado River. A Comprehensive Report on the Deve l opment of
Water Resources of the Colorado Rive r Basin. . .“ March 19146 .

“The Lower Colorado Rive r and Land Use Plan . A Repo rt of the Lo~-;c r
Colorado Rive r Land Us~e Advisor y Cornittee . January 1364 .

U. S . Geolog ica l Survey

Flood I nformation for Flood-Plain Planning. ’ Ci rcular 539 .

‘Wa te r Resources Report No. 13 , “Desert Floods , A Re por t on So ut he rn
Arizona Floods , September 1962.”

Water  Su pp l y Pape r 967-A , “Floods i n Colorado Rive r Basin Below
Boulder Dam.” September 1939 .

Water Supply Pape r 101+9, “Sumary of Records of Surface Waters at
Stations on Tributaries in Lower Colorado Riv e r Basin , 1888-1938.’
Geolog ica l Survey and State of Arizona.

Water Sup ply Pape r 13 13, “Par t 9. Colorado Rive r Basin , Comp ila tion
of Records of Surface Waters of the United States throug h 1950 .”

Wa ter  Su pp l y  Pape r 11+55-B , “Summary of Floods in the United States
During 1955 .”

Water Supply Pape r 1683, “Part 9. Colorado River Basin Ma gnitude
and Frequency of Floods .”

Water Supply Paper 1810 , “Summary of Floods in the Uni ted States
During 1961 ,” by J. 0. Rostved t.
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P . 5 .  ~eo log ca l Survey (con t inued)

W j t e r  Supp ly Paper 1 370 , ‘ Sum mar’ .’ of F loods in the U n i t e d  S t a t e s
J ur inq  19(2 , by J . 0 . Ros tv~ d t and Others.

Wa ter Suppl y Pape r 1833 , ‘‘Rese rvoirs in the United States .’ ’

U .  S .  Geolog ical Survey, State and ‘Jther Agencies

“Surface Water Records of Arizona. ‘ Yearly, 1961-1965.

‘‘S urface Water Records of Nevada .’ ’ 1961 .

‘Su rface ‘.later Records of New ~ex i co .’ ’  196 1 1962.

- surface W ater Records of Utah. ” Yea rly , 196 1-19614 .

“Wa ter Resources Data for Arizona - Part 1 , Wa ter Surface Records .”
Yearl y, 19(,5-l967.

‘Wa ter Resources Data for Nevada. ‘ 1966 .

-la ter Resources Counc i l , “Proposed Flood Hazard [va l uation Guidelines
fo r Federal Executive A gencies. ’ W ashi n~j ton , D.C . , September 1969 .
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