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FLOOD CONDITIONS ALONG SALT RIVESR,
MARICOPA COUNTY, ARIZONA, 1950
L. C. Halpeany, K. J. DeCook, and D. K. Greene

INTRODUCTION

4 serious flood hagard has arisen in the Salt River Valley,
caused principally by two factors, First, the bottom land of the
8ult River has become clogged with obstructions and no longer can
fulfill fts natural functions of collecting and transporting runoff,
Second, the rapid dncreass in populativn hap caused many square
miles of land to be converied from agricultursi to urban use.

. pbstructions in Bt

plnce the snd of World War H, an lncreasing number of laryge
pravel~extraction operativns have been developed, and pits as desp
as 25 feet and as large as 93 acves in surface area have been #xca~
vated, The gravel, sand, and related products have been in dexnd
for construction purposes a8 r result of the post~war expansaion of
populaiion, and the river bottoxs land is the most convenient gource
of supply. A deficiency in precipitation, combined with interception
of upstream runoff by bmpoundment, has reduced normal runoff in the
river to practically none in the lower reaches.

As of 1958, in addition to gravel pits there are hosnssites, farmed
lands, part of an airport runway, cattle~-feeding pens, radio towers,
junk yards, and other man~made objects in the Sait River bottom land,
all of which tend to obetrict runoff by slowing, spreading, or impounding -
the water. Flate 1is a map of the bottorm land of the Salt Hiver from
Granite Heef Dam to the confluence with the Gile River, and shows
the location and character of the cbetructions as of July 1, 1058,

Zxpansion of Urban Areas

The pwgnmsives-inaﬂaﬁéjm poptidstion and area served water
by the City of Phoenix is shown by the following tabulation, bawsed on
the Report of the City of Phoenix relating to the 1057 Water Dond Issue:




Year Popﬁiati@n- . ‘Area (ac)

1800 5, 500 320
1610 11,160 | -
1820 20, 000 -
1830 . BU,000 -
1940 72, 600 T e
1950 196,700 21, 376
1956 230, 300 46,400

In 1856, urban areas aerved waier ?ay the City :af Phoenix occupied
nearly 76 square miles, To this must be added the urban areas of
Metropolitan Phoenix not served water by the City, and fhe areas of
other towns in the Valley, Thue it ie likely that the urbanized portion
of the Valley presently occupies spproximately 100 square miles,

VWhen these lands were farmed, & large part of the precipitation
falling on them was digsipated locally, by groundswater recharge,
n-meigtara replenighment, or evapo-transpiration, With urbaniza-
tion, a much larger proporiion of the precipitation becomes runoff,
and the runoff aceurmulates more rapidly owing to paved streets, drive~
ways, parking lots, outdoor theaters, buiiﬂina 8, ﬁtarm sewers, and
other objects.

Historic Floods

The year 1941 was the most recent "wet year”, and since that
tlme precipitation and runotf have been ;jenerally below normal, In
1941 the Gila River carried more than 1,1 million scre~feet at Gilles~
pie Dam, and most of this runoff came down the Salt River, Since that
time, runoff in the Salt Hiver in the vicinity of Phoenix has been negli-
gible. Puring a dry period it is possible to overlook the fact that wet
yeara will cccur agein, and it was in the relatively dey years since
1941 that the Salt River became obstructed, By 1959, a flood peak in
excens of only 4,000 ofs {cuble feat per second) mu&% have caused the
river to overﬁow in at lesst one place,

According to the Corps of %.ngmeers {Newton, C. T,, 19581,
Appendix 5, table 2) 1/, between the years 1889 and 1857 there were
twenty~one floods with peak dischar;es of 15,000 cfs or more at the
upstream end of thie valley, or about one every 3 years on the average,
Seventeen of these had peak discharges of 40, 000 cfs or more, and the

1/ Bee "ieferences Cited” ot end of report,




largest was 250,000 ofs. Althoush the present system of dams was
not fully completed when all of these floods occurred, the peak disg-
charges ligted represent the historic floods reduced to compensaie

for the effect of the dama,
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SCOPE AND EXTENT OF §TUDY

The work deseribed in this report was made for and at the re~
quest of the Buckeye {rrigation Company. A decision was made eatly
in 1859 to investigate the present condition of the Salt River boitom
lend from Granite Reef Dam 1o the vonfluence of the Salt and Gila
Rivers, and thence down the Gila River to the Buckeye Hending, In-
structions were given 0 collect data ghowing the location and size
of each of the obstructions, as well ag the ownership of the bottowm
lands, and {0 submit these duta in the form of maps and tabulations,

When a flood occurred on October 30-81, 1858, an excellent
opportunity was at hand to determine by actual measurement the
disposition of the runoff, Ag meagured data sre penerally accepted
more readily than estimates, assumptions, and theories, a recom-
mendation was irade that a8 much factual information ghould be col=
lected as was possible with avallable funds,




Misps of Bottom Lend

A recent geries of 7 1/2 - minute topographic quadrangle maps
were used in constructing a base map, on & seale of approximately
2. 6 inches per mile, Limits of the bottom land and location of ob~
structions, as shown on a set of aerial mosaics made for the U, B.
Departroent of Agriculture in 1958, were first plotted on the base
map. A field crew then checked the obstructions as geen on the
ground with those plotied from the aerial mosalcs. Field corrections
were made on the basis of pacing, measurerseént with an odorneter,
and Hine-of-gight triangulation with visible objects shown on the
photograpis snd quadrangle maps

During the period in which the obstryctions were being mapped
in the field, a land-title gpecialist was employed to gearch the legal
records, A copy of the base map was used to show the #lze, lucation,
and ownership of each geparate tract of land, The data relaiing to land
ovmership arve shown on plate %, For the places where two or more
adjeining tracts were owned by the game person or company, the entire
piece of land was ghown ag one tract.

Fiood Data

 Locsl rains in late October 1959 were sufficiently intense to
cause runoff, especially in the eastern end of the Salt River Valley.
Two persons were drowned in the regulting floods, and geveral others
narrowly escaped drowidng, If the storm center had been a few miles
farther west, in the urbanived areas of high runoff potential in the
vicinity of Phoenix and Tempe, the flood hezard mﬁunbtediy wouté
hove been more serious,

On the basis of dete kindly furnished by the Sali River Project,
G, 246 acre~feet of water spilled over Grantte Heef Dam snd staried
moving downstream, Additional water, dumped iuto the river at
various wasteways upstream. from Phoenix, brought the total inflow
meagured by the S8alt River Project to 7,085 acre~feet, To this must
he added unmeasured natoral inflow entering the river downstream
from Cranite Reef Do, and discharge of storm gewers in Tempe snd
the eastern part of Phoenix, I is likely thut the unmeagured inflow
was of about the same order of magnitude ag the Salt River Project
inflow downstream from Granite Heel Dam, about 800 acre-feet, Thus,
the total inflow upstream from Central Avenue in Phoenix was more
than 7,100 acre-~feet but probably did not exceed 8, 000 ncre-foet,

Practically none of this runoff moved farther downstream than
7th Avenue in Phoenix, because of impoandment,




When it wag realized how much water was being impounded, an
orel contract was let to make aerial photographs along the Salt River
from the river crossiiyg north of Mesa downstream to 18th Avenue in
Phoenix., Two of the photograghs, which were made about midday on
Noverober 5, are reproduced as figures 1 and 2. A ground crew was
sent into the aren with instrucdons to make measurements of the rate
of decline of water levels in the gravel pits, The stage of the water level
in nine gravel pits and one channel pond was measured on geveral dif-
ferent dates. 'The measurements were made by using hand Jevels and
gteel ftapes,

During the field work a place was found whers gl the mmfff had
been concentrated iuio a straight, uniform channel about 9, 000 feet long,

A post-flood peak~digcharge ms&r&mm was made in this ﬁ}mnna! by
the slope~ares method,

RESULTS OBTAINED
-Qhatmﬁbns

Table 1 shows the extent of the ﬁhstraatima by townships in
comparison with the total area of bottom land, measured from plate 1.
Table 2 comtaing data reiamig to types of ownership, maasured from
plate 2.

The number of obhstructions in the river bottom 1m:t is cantitmﬂ
ouply increasing. When the flood gtudies were made early in November
1058, new obstructions were found and old ones had ‘been enlarged since
the originpgl work was fisziahe& in June.

A way must be found {o rmstabzish an adequate viver channel
to remove runoff, 'The mest urgent matter for present congideration
is to establish a mesns whersby future developments in the riwr Wm
land can be made in sccordance with a master plan, For example, it
is understood thet negotiations are now under way to lease Indiw Ianéa
for gravel operations, Thege lands occupy & large purt of the bottom
land between Granite Reef Dan and the Mesa crossing {pl. 2. if
lessees of Indisn lands were informed in advance that the primary
function of the river is {0 carry water and that & channel must be main-
tained for this purpose, gravel excavation or ¢ther works could be

planned t0 proceed withoot disturbance or interrﬂpﬁm

Flood of October 30-31, 1959

Inapounded Water

Meagurements of the stage of impmnded water were made at ten




i1

localities on November &, 5, 10, 11, and 25, 1988, Inorder to determine
the volume of water that disappeared from the gravel pits and ponds be-
tween the time they were filled and the termination of field work on
November 25, the water-surface ares at each locality was meapured

by planimeter from the aerial photographs taken on November 5, These
areag were lesa than the aress ocoupled at maximum stage and therefore
gerve as & conservative basis for determining the total quantity tmpounded.
At the time the water-stage measuremenis were made on November 25,
estimates were made of the reduction in surface ares subsegpent to
November 4. The basis for these estimetes was visual obgervation
supplemented by pacing of distances, Tzble 3 containe data showing

the quantity of water accounted for in the ten measured bodies of water
from the ime they were filled through Movember 28,

For the bodies of impounded water in which water-level meagure~
rents were not made, estimates of depth of subsidence were raade by
comparison with the measured pite and by hand-level measurement of
decline from high-water mark {o the November 25 level, The surface
areas as of November b were measured with a planimeter, and reduc~
tions in ares as of Novermber 35 were estinmated as depcribed sbove.
Table 4 containg the results of caleulations i’mm thege eiai:a..

The quentities of water loss a8 given in tables 3 snd 4 ave not
- adjusted for evapovation loss, . .

Mony of the pits still confalned substantial qufmmiea of water on
November 25 (fig. 4 A) and the slow rate of subsidence indicated they
vould continue 0 hold water for many weeks., Estimates of this remain-
ing quantity of water were made on the basis of the following sgsump~
tions: {1) The maxivnum depth of any pit 18 no more than 25 feet; and
{2) the surface area will decrease at & uniform rate from the area as
of November 25 to zero at maximum depth, Ae moust of the pits have
falrly flat bettoms, the second sssumption is considered to be con~
servative, Table § comizing the resulis of these estimateg.

A water budget was made to account for all of the water that
entered the river channel, snd these dats are glven in table 8.

The measurements of rate of decline of water level in the gravel
pits, as shown in table 7, indicate the lack of effectivenesa of the pits
ag sources of ground~water recharge. The average raie of decline
in all of the pits was only U.46 feet per day during the period Qctober
St-Novembeyr 25 fuclugive, The reason for the low infiltration rates
from bmpounded flivod water is that the flood waters have g high content
of suspended sediment that begins settling 10 the bottom a8 goon as the
velocity of the water hecomes less that is needed to maintain suspension,




e 5_‘:%\ -

oty Frrtat

Lpostion
Twg. Heliangs
Emgec, <104

. ¥sinme

C ey 8 T L P D e e
fan} S ERRTS

jaked
A
Lt

C ek
s*..“
ot
¥
b

3%
2

g
&

!
Do
%”‘%
st
ke
PN
g
o
e
(-
R4

seem waam - S : i - . YN ) VL e

& I-RegOWEmiM

oy v R R v
: fﬂ?‘{ éﬁ ) EAFe LY ¢ éﬁ‘ﬁ* %

8 i-3-20ITWIMR

10 1--200WIANNIE 15,8 17,2 PR3 w8 56

i 3 Ertot s

T

SN T—— it e




&wmwwﬁwwn

& i

o
Qs

L]

BN
e W
gy 3
L4 W2
2 e

:

%

Wi

£

853




X

gl D, - 5%1 w AT sz-‘"%‘r% vﬁ:ﬁmﬁ @;% *{fm G wg b&ifuﬁ% in \‘,mw gl 5
Ao ﬁamﬁi @3’* »;:s\.l”?‘ £tk '

o
L

2O, 1? %‘%’3'35:1;.4 2%, .é,ﬁ%sw

.W[ -.'
B 1 gl

‘ﬁf‘

o iy ey

5 4;: O

the %»%,Z‘;“ftz



25 e,

i e
oK xwu"ztww

S e R 4 A R im0 o A 1 a5 ey e s s e 7

: ;:r:' m

N

Lr

e If»*&%m}?*f;‘;i ii;@w’f- T .- R T

R fi_é:}@@. o gwmmﬁy

e - e e STEI R

ok EALELLE-

1:“:

.:yn m@-n-rys’cgj? : L"@g-{b ‘3 e T m@;gi\

et
s
s
a)-l
&
sy
w0
b
pré
é;
i
pe
el
R

aobed an equsl 30 gSopn of



45 : 2% ILBRG
L.a{,:"ai 7 X-évf‘;i’u‘ h oy ASFuNFy
=3 *
# 3 i
. P _
' Dovmward p»‘zmmﬁaﬁ;a S sl-d.&gmsgatsa é.;é‘;%% & “aloulate

cotatios C pnratica of ? Lownwerd
#g‘»ﬁyﬁaﬁ@ﬂ
-i ”@ L)

[
At
e
& )
s
L
o

e
EY
‘{r« (2
e
Qs

i 3 P .
g h**ézm“ &%
5»7'%’5{3%*5_1

-t

‘&{:mih—%

2,

) & L ey
s eren - o BT &, 353

£
Fo.,

ey,
b}

ani 4 mad 8, converted o acres,
m@ gm*@mw, on Gpen Creek {ai&"&%ﬂﬁm aver &

g

Frodes of -f{
i erence b

-y
ity

&

: & . . Y
R

LEy

Sesoreny B

i«

g

X

et




T

2l e h.@iw; 2 aé%l@,;:i; ol water lovel 4o grerel pite
dre ke &wm b adoing Selt fdesy, followin

igwwit u %&p.uﬁm"*ig 3$ua,*

L@(ﬁ

g”"iﬁg}.,}:iawmﬁdg_ﬂwj wei

T

iﬁé}vfﬁ i“‘ .;

s :J»..-a o e "
H i g;[-_& :
O A }.%,*“““1;‘»'1 | 5.6 G5 0 BY B
g ;
R 2,9 2.9 A% A.d L BB
% : g""'@*"."%:ﬂ 3

T,
P
3
=
B
e
“huzy,
b,
PR
ok
&
e
[
&
b
hoad
B
2,
b
“
g

n o deleBimEis L RS 204 0 4.8 - BaE 0 8L o
. : : ¥ ' : : By
Foo o dededl m%f@ B S T 0.8 - L B BB
B %«‘ “w i -é: : BB P P T\

o Ll 20 *»g%,. ,;,fe;q n;wﬁff ; I O S R Tt B2 75

w&»ﬁ@ ’ﬂjfé ‘@M“&%

B e s ooy i

F At "’i“fff‘“ deciine (8 :

Yo e ke pt g
Avarage rale




18

Figures 34, 3B, and 4B are photo; graphs showing the sediment -
deposited from ﬁnpeunﬂed water fﬁnewing the (ctober 30-31 flood.

It follows, tharefare. that it absndoned grawl pits remain in the
bottom land indefinitely, esch gticceeding flood will deposit more silt
in theni, and that after 1wo or more floods the rate of infiliration will
have decreasged practically to zers, Bventusily they will £ill with sedi-
moeny, most of which wm be silt. This is another reason why a runoff
¢hannel must be maintalued, St will be deposited wherever and when-
ever the velocity of the flood water is reduced below the “critical velocity”
regquired to maintain sediments in suspension, Obstructions of any na-
ture in the bottom land will glow down and spread the runcif. Debris
brought into the stream by side washes and storm sewers will remain
where it erters, building up cones and deltas, All these fucltora tend
to rajse the level of the entire stream channel and bottom land, o such
an extent thut eventually floods will spill over and cul g new course
parallel with the old e, This is presently occurring at the mfmﬂ'a
of the Hassayampa River, :

Frea-ﬂawing Water

Table € is an interpretation of the maaner of disposgition of all
the waiter that entered the Balt River betwesn Granite Reef Dam and
16th Street in Phoenix during the Oetober 5031 flood, As no messure~
ments of infiltration rates were made during the flsod, it was necessary
to rely on rates based on messurements made on Queen Cresk, the '
nearest desert giream in the Salt River Valley for which infiltration
data ave available, These messurements indicate that the weighted
average infiltration rate for floodwaters in a desert stream is about
1.3 to 1.4 fset per day (Babeock and Cushing, 1948, table 1; Turner
and others, 1940, table 2). Allbough table 6 is based in part on esti~
mates, the Tacte rersin that between 7, 100 and 7, 900 gcre~feet of
water entered the river, that only about 4,000 acre-feet can be ae-
counted for at the gravel pite, and that 3, 100 o 3,800 &t’:!‘ﬁ*i’&ﬁi digap-
peared from the siresm channel, _

The gravex pite accounted for o mmimm of 3,150 acra-faet of
ground-water recharge and evaporation in 26 deys (tables 3 and 4),
Freg~flowing runoff accounted for about 3, 600 acre-feet of ground~
water recharge and evaporation in 2 days {iahie 8), or for at least
3,100 acre~feet as shown in the preceding parsgraph. It is obvious,
therefore, that free~flowing weter is & more fruitful source of ground-
water recharge than fmpoundment in gravel pite, :
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Flood Hazard

a2 g e

When the work ef compiling the two bottom~land maps was begun
in the early suraumer of 1450, the suthors seon began to reslize that
the need for a channel was far more jusiified on the basis of potentist
flood damage to life and property thar on the basis of providing means
to fulfill legal obligations to downstresm appropristors. In the opinion
of the suthors the most dangerous flood hagard is at 40th Street in
Phoenis, where the Skhy Harbor aivport runway juts into the bottom
Jand {(fiz, 2). Large floods will undoubtedly spill onto the runway.

- A study of the topographie guadrangle map ghows that water which
leaves the viver at the runway eannot ?eaﬁﬂ.y rve-enter ihe river until
it reaches Central Avenue, -

The potential haeard at 40th Sireet was amply demonsirated
during the Oectober 30-31 flood, The aetial photograph (fig. 2) showed
that, at 40th Street, all of the runoff was forced into an artificial
channel. The upsivesm edge of 40th Street at the deepest part of this
artificial chammel is about 1 foot higher than the eastern end of the
alrport runway, Thus, water which gpitls over the lip of the channel
on the north gide can flow onto the runwey. As the artificisl channel
lacked only a few inches of overflowing during the Qctober 30-31
flood, the pesk flow effectively represented the capacity, A slope-
areo meagurement was made on Noverber 11, and the following data
were collected:

Total width - 346, 5 feet

Diepth | 3 feet
 Side elopss | 15 degrees
Crosp-sectional avea 1,002, % square fm
R {Mannlng formala) #. 69
5 (Maoning formula) 001555
n {Maoning f‘ormuia) « 030
mﬁaharga _ _ 3,960 ofs

The choice of the figure 0, 1338 for the value of '"v'' was made on the
basig of inspection of a series of ateraoawpie volor photographs of
ptream channels for which the coefficlent ' had been determined
by actual measurement, On the bagis of a eoefficiem of 0,035, the
mdinated pesk discharge wae 3,400 cfs,

CONCLUSIONS AND RECOMMENDATIONS

The inveptigation of obstructions iu the Salt River bottom land
and of their effect upon runcff led the anthors of this report to develop
the following conclusions and to submil the following reconinendations:
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~ Lonclusiong

1. 'The primary function of the Salt River is to act ap a conduit
for fiood runoff, All other uses to which the botloan lands may be put
must e gecondary to this fundamental fact of aature‘ There is no '
other place where floed mter& can flow, '

2. The ahﬁtﬁucﬁxms. impore a gerious flood threat to parts of
the City of Phoenix. Hach small flood {ends to reise the level of the
giream bed, and f;hereb’y ineresses the hazerd from the next suctesd-
ing flond,

8. The peak discharge of the Cctober 50-31 floed at 40th Btreet
in Phoenix was about 4, 000 ¢fs, and overflow wap imuminent, Floods
of much grester discharge will undoubtedly occur in the future, as
they have in the past. Urbanization of the Salt River Valley will in~
crease the proporiion of rafafudl that becomes runwif, Construction
of ficod channels in major tributary washes will increage and econcen-
trate flood rumoff in the Salt River,

4. 'The date eﬁm& aub&mﬁaﬁe pw:iaus data from other
siroilar areas, all of which indicate that downward infiltration from
gediment~iaden flood waters cceurs much mwre readily when the
water 18 moving than when it is impounded, ©Oa the Salt River, as
much or mwre ground~water rechsrge occurred during 2 daye of frea
flow thaa during 26 days of impoundment,

8, Construction of additional works in the tottom land is con- |
- tiauing, resulting in additional obstructions that spread and 1}319&11&&
flood ranoff,

ﬁe&emnéaﬁﬁns

1. Theat plang be Ia:.d at once to make it possible for future
developments vithin the bottom lands to be made in accordance with
and subservient to the primary tunction of the Sait Biver ae & conduit
for flood ranoff,

2. Thet ehwmﬁzaﬁm af the 3ali River be atmd goon, f@ﬂ@w&d
by channelization of the gide washes.
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of Salt
mwumm thix. The
mmmmmm
lacked only a few inches of overflowing dur-
ing the October 30-31 flood, On the basis of
slope~-area discharge measurement made at

the end of the mmway, the peak discharge
wag 4, 000 cubic feet per second,




A, View upstream showing water in small gravel pit below

Scottedale Road, Tempe, November 19, 1859, Maxi~
mum stage of water level is shown by the uppermost
mmmmmﬂmm Note silt deposited on

B. View downstream showing water impounded by 40th Street
crossing artificial flood channel near Sky Harbor, Novem-
ber 19, 1959, Note silt on floor of channel, Arizona Air
National Guard hangar in background,

Figure 3 '
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A. Northwest view showing water remaining in gravel pit east
of Tth Street, Phoenix, on November 2&. 19568, Wave-cut
notches indicate stages of water level

B. View of partially dried and cracked mud or silt deposits in
gravel pit west of old highway crossing north of Mesa,
November 25, 1958, Notebook indicates size of cracks.

. Pigure 4




Figure 1.~ Aerial photograph of bottom land of Salt River from
12th Street to 2nd Avenue, Phoenix, Total runoff during October flood
exceeded 7,000 acre~feet. The obstructions upstream from 7th Avenue
impounded all the runoff,

(Photograph by Blanton and Cole, Engineers).
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