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Introductory Statement 

Contrary to common OP1l11011, sevElIe floods do occur in the desert. The relative 
absence of vegetation and the combinatioos of a sloping surface, with either a slightly 
armored or loose, dry soil are important contributing factors to the high flooding potential 
in the dosort. An understanding of weather pattern~, drainage b3sin characteristics. lmd 
ephemeral stream characteristics permit prediction of potential overbank flood mg of the 
typical dry washes Bnd normally dry river beds of the desert. The causes of flooding along 
the Salt River, the major drairlage-way through the Tempe Quadrangle, lire vllried, with 
some being very comple)(. Not all causes lire the result of geologic processes alone. 

Severa thunderntOJrns aflt gemnally Ihe cause of flooding wi thrn the Tempe 
Quadrangle, e)(cept along the floodplain of the Salt River lindicated on the map) . The high 
rate and large quantities of precipitation are only slightly absorbed becausa the slope and 
the sparse ground cover are g8J1erally unable to reduce the runoff velocity suHiciently to 
permit the water to soak beneath the surface. Steep slopes of 15% or more funnel the 
runoff In to channels and rapidly transfer relativel y high volumes of debris--Ioden water 
downslope. Developments adlacent to steep slopes may become inundated with water and 
mud. Away from th !} steeper slopes, flooding spreads water and mud over broad areas, 
often covering streets, roads, lawns, and partially filling oasements, pools, and garages. In
dian Band Wash and Granite Reef Wash drainages represent specia l f lood ing e)(amples for 
the area north o f the Sa lt River. Til e overflow area inundated by the breaching 01 the 
Tempe Canal just north of the Superstition Freeway represents a special flooding example 
for the area south of the Salt River. 

Indian Bend Wash and Granite Reaf Wash 

Indian Bend and Granite Reef washes are tho princif.JIIl drainage-ways for Scottsd."lIe 
and the northeastern part of the Tempe Quadrangle. Both are tributaries of the Salt River. 

S9\lern l severe local thunderstorms in t he past have resulted in flooding of one or both 
wastMls and their adjacent areas. TIm mu;;t recen t damaging evenl , a 70 year flood, occur
red along Indian Bend Wash in June 19n (Corps of Engineers, 1972). Rapid dB'lelopment 

by man in the washes and their floodpla ins has enhanced the potential flood damage. 
Outlines of the 100 year flOUd <md tim Standard Project Flood are plotted on 11m m .. p, in
dicating the areBS e)(pected to be wetted during floods of those magnitudes. (Corps of En -

girteers, 1972) 

Most of the runoff is derived from north and nortneast of the Tempe Quadrangle, in

cluding the surfaces of the southern and s01.Jthwastern stopes of the McDowell Mounrnins 
and the northeastern slopes of the Phoeni)( Mountains, The Paradise Valley Detention 
Dike, designed to keep floodwaters out of the Canual Arizona Project (CAP) Cenal, (north 
of the Tempe Quadrangle, Fig. 1) should greatly re<.luce sheetwash flooding in the area 
drained by Indian Bend Wash and therefore reduce floodflow through It. 
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Figure 1. LocatIon of the Tempe Quadrangle and rn ajo r drainage war.>. 

The outlines of the lYlO magnitudes of f looding along GrBnite Reef Wash within the 
Pima Sa lt River Indian Resllrv3tion are tllntative, are generally based on the topographic 
conditions of 1979, and are illClicated on the map by dashed lines. 

The Indian Bend Wash Projoct, completed by the Corps of Ertgineers, was dCfOigood 
to limit damage from flooding along the wash, especia lly sou th of the Arizona Canal . The 
project is pla nned to safely ca rry t he 100 I'ear f loodflow of 30,000 cubic feet per second 
(cfs) (85(J cubic meters par second; cms), and t he Standard Project Floodllow of 65,000 cis 

(184 1 cms) (Corps of Engineers, 1975). The profect incorporates various flood control 
oloments for tunnelino floodwaters into the Salt River through interceptor channels and 
non-residentia l areas such as golf courses and parks. 

Ponding is a fl~di'i.rnoff_[H~?blern which may pose a hazard to areas adjacent to 
through canals within the Tempe Quadrangle. Ponding generally results f rom sheetwash 

runoff col lecting in low basins below large, sloping areas. One such Important eree is nonh 
of the Arizona Canal where runoff fro m the southern stope of Camelback Mountain collects 

between Scottsdale Road and 48th Stree t .. Another is west of the Cross Cut Canal, Os
\W(Jen Thomas and McDowell Roads. The third area of ponding w ill occur north of the 

Grand Canal westward from 48th Street to 38th Street, and probably (Nen furthllr west 
(Corps of Engineers, 1979b). 

Tempe flood overflow area 

An area apprOlCimately 1 mile 11.6 km) w ide, crossing the central part of the city of 
Tempe, Is here ca lled the Tempe flood overllow area. Waters which overflow through the 
area are e)(pected to be generated wilen tile runoff of a very severe flood easl of Tempe 
overtops the banks of tile Tempe Canal just nortl1 of the Superstition Freeway (Corps of 
Engineers, 19n1 . Thoso ollllol hanks may be aolo to contain floodflows up to a magnitude 

of about the'SO year flood. Once t hose cana l oanks are breached. a flow of appro)(imately 
9 inches (22 cm) depth is calcula ted to move in II sheetwash fashion toward the northwest 
(see mapl, probab ly Ilntering the Salt River between Hardl' Drive and 48th Street north of 

University Avenue. North of University and west of Hardl' Drive, the tentative path of the 
overflow, indicated on the map bl' dashed lines.is .basect on t he topography of that area as 
of 1979. Con tinuing development along this tentative overflow exit will prohably further 

chango its configuration . 
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Salt River 

TEM PE QUADnANGLE (1952, PHOTOREVISED 19671 

Additlolltll rll'Jlslons compilod by the Geologica l 

Survey from aerial phot~rdphs taken 197B and 

other S01.Jrces. Th is information not fiald checked. 

Map edited 1962. 

Tho Salt River drains an aroa of about 13, 100 SfjU;t IC miles (33,500 square km) to thll 
north and east of the T empe Quadrangie (Fig. 2). The river ceased f lowing as a perennia l 
~trllarn withrn the quadrangle iI11939. Since then it onll' flows during occasional influ)( of 
runoff from local washes, or during release of water from the reservoirs upstream. 

In its present configuration, the Salt Rrver upstream from the Tempe Quadrangle 
has no dedicated f lood control space (Corps of Engineers and Bureau of Reclamation, 

19793J. I ts SIK large reservoirs (seo THbie I) and one diverslun dam do afford some degree 
of f lood protection, however the chief functions of the Salt River Project (SAP] reservoirs 
ere to store water for Irrlgetion purpcses, and to generate electrical power when Irrigetion 

watlll I~ b9<rJij rel!lased. Any storage 01 runoff which roouc8b the amount of floodwaters 
reach ing the Tempe Quadrangle is the reSUlt of the effons oy 5RP, which controls opera
tions of those reservoirs. 

Unregulated floodflow refers to uncontrolled flood runoff in water basins which 
have rIO dams built across thllir major streams. Conversely, regulated floodf low is used to 
indicate controlled flood runoff within a oasin which has one or more flood control dams. 
The Salt Rive r Rasin may be considered to ha~ a modifier! regu lated f loodflow, becausc 

there are SIX major reservoirs built on Its streams, but none have dedicated flood storage 
space. Theretore, if the total runoff less irrigation water released during one rainy season 
should excood the storaQfJ spaco IJVaiL"lblJ.l ot tho ~nd of the provious irrigotion saason, all 
e)(cess water must pass through the reservoirs. Such uncertain storage conditions make 
pred ictions of the flood frequency in the Salt Rive r oasin e)(tremely difficult, if not invalid. 

This adversely effect:; the <tccumcy of data used for decision making in land-uso planning 
along the river. 

The storage space available In Roosevelt Lake is critica l to any f lood control benefits 
which SRP may be able to provide. Roosevelt Dam can store more than 65% of the total 
water retained by SA P. But aven when Roosevelt IS filled to its sprllway crest or lip (80% of 
its capaciwl. only slightly more than 400() cfs 1113 cms) may be released to provide more 
STorage for futu re runoff . For comparison, a dam ~.pecifically designod for f lood control 

might release about 100,000 cfs (2832 ems) from rts almost f ill ed reservoir to provide 
storage for possible runoff from a forecast large flood: also, runoff Into Rooseveh Lake 
lrum a large flood may e)(ceed 200,000 cis (5663 crn~l (Aldridge .. 1970)_ VerI' large flood 

runoff into the RooslI'Jelt reservoir when the water IB'lel is at or above the bottom of the 
spillway gates would probably dic latc thar the SRP operators opcn w ide all gates and 
release f loodwaters in an unregulated manner .. Opening the spillway gates would be 
necessary to prevent possible dam failure. 
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Table 1. Salt River Project Dams 

River 

Salt 

Verne 

Name 

Roosevelt 
Horse Masa IAf.Jllche) 
Mormon Flat (Canyon ) 
Swwilrd Mt. (Saguaro) 

Horseshoe 

Banlen 
TOTAL 

Source· Sa lt River Proiect 

Reserv oir 
capac ity 
(acn~ feet] 

1.381.580 
245.138 

57 ,852 
79,765 

131 ,427 
178,186 

2.063 ,948 

Year 
comp leted 

1911 
1927 

1925 
1930 

1946 
1939 

Table 2. Flow ratB' (cfs' for floods of 
certain recurrence intervals 

Recur rence 
Year 

5 y. 

to yr 

20 yr 

50 yr 

Granite 

Reef + 
Tempe 
Bridge 

Gila 
River 

55· 

Figure 2. The watershed of the Salt River upstream from the Tltmpe OUildranghl 100 yr 

200 Y' 

500 Y' 

Standard 
ProjeGt 
Flood 

(SP F) 

45,000 

102,000 

141.(XXl 

175,000 

246 ,000 

290,000 

360,000 

40.000 

93 .000 

135,000 

100,000 

215,000 

275,000 

330,000 

36.000 

85.000 

125,000 

145,000 

185,000 

250,000 

310,000 

295,000 289.000 281,000 

+ Be low the confluence with the Verde River 

Source; U.S . Arml' Corps of Enginaers, 1982 
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The rate at w hich floods of different severities, or of diHerent magnitudes may be 
e)(pected to occur along a river is its flood f rClllJcncy. The probable occurrence of floods of 
various magnitudes may oe determined by a statrst lcal ana lysis of tha annual pC<lk water 
flow, if flow occurroo, for all the years of record at the site, whether or not all were serious 
flooding events .. Peak f low is t he highest ra te 01 flol"l of the st ream at the measuring point 
chosen, and is genera ll y concll rrent with the highest leve l of flooding. The longer tha 
record, the mom accurate the projllotlon of the frequency of floods . 

The objective of e flood f requency analysis is to determine statisticalll' how often we 
can ellpect to havB floods of var iuus mallnitlJd!~s. By obt.1 lning stream flow rec!)rds and 
applying formulas given in most env ironmental geology or hl'drology I.>oolls, one can 
cillcolatc 1M! flood frequency proOability. It is import8nt to know the statistica l recurrence 

intervals lor a range o f flood magnitudes if one is going 10 design bridges of any type or to 
mel(e rational land-use plan ning gu idelines fo r floodplains. 

A flood that has a 2% (1 in SO) cham;tl or probability of occurring i n any I'oar is 

termed the 50 I'ear flood, wh ile e flood that has a 1 % (1 in 100) chance is the 100 I'ear flood . 
This means that such a Ilood has a probability of recurrence on the average of once in 100 
years. Such a f lood may occu r, however, more than once rn 100 years, and cou ld possibly 
occur in two successive years. 

Table 2 ind icates tile flow pred ic ted for f loods of t he selected years 01 recurrence, 
oosed on published date from the Corps of Engineers. Taole 2 might be called a modified 
regula ted f requency/floodflow tilble. The datil hal'O heon recorded for a 91 year period, 

w hich includes severa l years of unregulated floodflows oefore Roosevelt Dam wa s com
pleted in 1911. Data of this tl'pe are lJti lized bl' engineers and plelllners to obtain the 
predicted amounts of flow for lloods of dillilrent recummGIl yea rs, OJ differont yoars of 
floods These data are important constraints for determin ing oridge size to be constructed. 
or 111 determining the type of floodproofing recommended 10 reduce flood losses near the 
river. There are three menu ring point:; on Table 2. , and floodflow rates are presented lor 
each point for the recurrence year shown. Because of !!roundwaler recharge, evaporation .. 
and transpira tion, a fioodfiow rate measu red at a specrflc porll! will be greate, thEm the flow 
rate of the same yea r flood measured at some point downstream . 

For tha Salt River, the flow of the 100 yaar flood has been calculated statistically to 
be 215,000 cis (6088 cmsl if measured at the T empe Bridge. The Standard Project Flood 
(SPF) is defined as the most !levera flood t hat can reasonably be expected to occur in a 
region , Msed on its meteorologic and geographrc characteristiCS. For the Salt Rrver, Its 
SPF bus been calcu la ted to huve a peak flow of 289,000 cfs (8184 cmsl if measured at the 
Tempe Bridge (Tab le 2) , and It has a probability of IIlc urrence of approximately 0.43% (1 in 
266) which makes it aoout a 266 year f lood. The SPF flow is almost identical to that of the 
1891 f lood . It hus boon ost imated thut u SPF occurring <llong the Sa lt River under prosent 
conditions would cause damages of more lhan 3252,000.000 (Corps of Engineers and 
Bureau of Reclamation, 1979&). 

The magnitude of the 100 year flood has been chosen as the flow on which many 
important decisions conce rn ing flood-proofin!! and construction constra ints are oesed . The 
Federal Emareency Management Agency (FEMA) generally conSiders the area inundated 
by the 100 yeBr flo od as an area !"laving very h igh risks . FEMA makes its most careful and 
comprehensive adjustmcnt~ to the rates for inSlJrance within the area of the 100 year flood . 
To partic ipate in the National Flood Insurance Program, local governments usually require 
commercia l developments buih within the area of the 100 year f lood to accomplish special 
flood-pwofing, commensurate wi th thll tYPIl of building and enterprise involvcd. 

The authors appreciated t he review of the original version (1980) of this map and 
text by W . H. Worthington, Charles Pyke, and Alan Chin of tlMl U. S. Army Corps 01 

Engineers, Phoeni)( , Arizona; and D. E. Womack, Edio Kirder, D. S . Wilson J r., and T. T. 
Wilson (1f the Salt River Preject. Phoeni)(, Arizona. 

ThiS mop represents a general evallretion and does not preclude the necessity of site 
inve~t igat i on . 

Far rafmences, soo the r(lVef!'.C side (1f t his sheet. 
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