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,\RIZONA CANAL DIVERSION CIIANNEI.

Purt of tilC Authorized Flood Cootrol Project
of the U-",,_ Army Corps of Engineers

fOf" Phoenix and Vicinity

Til!"": ;.... ;'11'.'1' :'I!'l..':-C'llt::: p]:u111inr:: nnd tccJ.rlic;:! inlol'ill,llioll on tile: tlc'j:iS"n ofthe :\rJ/.Or:;~ {'wlnl ni\'(,l'~ion Cllanncl (..\(~n\) n~ PiHt of tilt' ('omprclll'!l,jvc
P;;oCllix i.t!!(] \ il"jilil~' riood C0!1tl'ul l'I'Oj0l..'t ;-.upportf'o h:; " 'l',ll Pllocnix ilrCi..~
gOVCI'l1Il1CIl1:· idlci tluthor'izcu by C00S"f'css.

Tlli;; p"per is in two parts. Part One ~cts the context for the ilCnC,pl"(:scnting informution on the entire Pilocnix and \'icinily Flood ControlProjcct. Pun Two presents detailed information on the ACDC.

Phoenix and Vicinity Flood Control Project

TIle Phoenix l'looding Problem

Phoenix is the last large flood prone area in the United States notprotect(:d by any t.ype of flood control system. Severe local storms andfloods in 1905, 1921, 1935, 1936, 1939, 19~3, 1951, 1~)55, 1956, 1957, 1963,1964, 1967, 196~, J970, 1972, 1978, and 1980 have euujed financial damageto the people of Phoenix. Large floods occurred alollg Cave Creek in 1905lind 1921. [Jccausc of the 1921 flood (when the State Capitol was flooded),the City of Ph"enix, ~larieopa County, and the State of Arizona, incooperation with private interests, built Cave Creek Dam in 1923. Even withthe darn, since 1923 there have been two large floods (1943 and 1967) andseveral small to medium floods on Cave Creek. Major floods have alsooccurred in surrounding areas.

In August 1%3. a cloudburst occurred over the City of Glendale. Thehigh-intensity rainfall caused considerable damage in Glendale and the'\laryviJlc, section of Phoenix. There also was flooding above the ArizonaCanal ncar J 9th Street.

A Il1lljor flood in September 1970 caused the death of 23 people (',lOreloss of life due to a flood than any otherm Arizona'~ recent history) andcaused millions of doll'H'S in property damage. Jleavy rainfnll on ti,e



mountuil1ous areas of Central Arizona resulted in sudden large flood flows in
Tonto, Sycamore, Oak, and Beaver creeks, and in the ~ast Verde and
Hflssny'"npa rivers. While this storm was not ('entered over the Phoenix
area, it is metcorologically possible that a storm of equal or greater
m"[;l1iI 11<1<' could affect Phoenix.

'II", storm of June 21-22, 1972, did c[!Use extensive damages to the
I'hOl'/lI.': 'Iletropolitnn nreH. Prcsidpnt Nixon deelarcd '1lnrieopa County a
rniljuJ' rll'.:i:--tcr at'en hecause of tile dnllingcs. People incurred ove!' S-l lllillioJ1
in flcj{Jd d;IIIl~lgCS franl ['ulloff bCl\\('cn ";OUl Street jjnd nn'~lmy Dra\,·; J)ittl1.

\1(11' .., recently, Phocni:\ and surrounding ~lrC;lS ,';cI'e plnC'cd in d::llgcI'
from IIII"('c storl11s: in Fcb,'uan' ;,nd \I"reh 1978, Decc'mber 1978, and
Fel"'11:1".\' 1980. In thc '1lnrcll I ~178 storl11, til(: old Cnvc CJ'eek Darn Ileld 7,nOn
nC'rc-rt·~,t of watel' and filled to \" it~!il~ :--i": iilehc~ of it~ brim. Flood \\'ntcr'
relc"St,:, from Cave Creek Dam fll)\\"'! i".,"il 'C"ve Crc(,;'k-mto the .\rizona
Cnn~i1, llll'l1 s~illcd out into the lI!'L/;!tl ::r'_'ilS of Phoerllx. The C'nnul ~lbo

spilled <>1'('1' at 43rd Avenuc and 58th .\I'l''!lIC.

I'lil l cnix citizens and local govcrnments became extremely eoneel'lled
about Ihl' flooding thrent in the I" te 1950's (after the four floods in the
previous len years). Faced with the prospect that the thl'eat would become
greatcr lind greater as development increased, the Corps of Engineers was
requcstl'd to develop a comprehensive flood control plan for Phoenix and
surrounding areas. To begin its work, the Corps held a public meeting in late
1959 to give all local interests the opportunity to describe the flooding
problem Ilnd comment on the extent of the improvements needed. At that
time, the Flood Control Advisory Committee (the predecessor of the Flood
Control District of Maricopa County) presented its first proposal for
improVl'ments in the area.

From 1959 to 1963, the Corps worked closely with the Flood Control
Distl'iet lind its consultants to refine the proposal. As a result of the studies,
the COI'ps-in cooperation with tile Flood Control District of i\laricopa
CountY--dcveloped a comprehensive five-phase flood control plan for the
Phoenix metropolitan area. In 1963, the Corps presented the plan to the
people of Phoenix. The plan cited the need for phased improvements in five
areas:

(

(

l

•

•

•

•

Phase A-Indian Bend Wash from the Arizona Canal to the
Salt River.

Phase B-Phoenix and Vicinity (inclUding New River).

Phase C-Glendale-Maryville and South Phoenix.

Phase D-Salt River downstream to the Gila River.
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• Phase E-Indian Bend Wash upstream from the Arizona
Canal.

There wos general Agreement wi th the proposed plan, and it was
formally approved by ~larieopA County. In 1965, Congress Authorized final
planning of projects fOl' the first two phases: Indian Bend Wash (currently in
the final construction stil[!e" and scheduled for completion in November 1983)
nnd Phoenix nnd ricinity (th(' "ubject of this paper). Phases C through E
were sub,('qucn'ly ilwor;>tll','lr'd into the Corps' Phoenix Urban Study "nd the
Ccntl':ll :\rizOllit \\',ltCI' Clllltl'ol StUdy.

The Phoenix and Vicinity Aut!Joril".cd Project

The pUl'po,e of the flco"d con 1'01 pmjeet authorized by Conp'ess for
Phoenix and vicinity j-; ic'l ;"l'OlC-C't pC'('Ir1c from flood flows originating- in fl

2.G95-sqtlar'c-milc fllillJllt'lill ; IiJ (~c:~r!'t arc? which drains tow:1I'd the
mclropolitnll ;Ire'l. ;\:: i.~.- ~trC':·I1l<": inclt1dilig' Cudia City \\"[lsh, Dreamy Draw,
Cnve Creel<, Sk"n ', Cr"ek. :':c\\· Hiver. and Aguo fria River drain flows from
this mountain lind c!L',ert "rell to the Phoenix area. Currently, a major factor
in Phoenix area flooding is the interaction between the Arizona Canal (an
irrigation water delivery' system flowing to the west) and the many str'eams
whieh intcrseet the eHnal. Urban development has obliterated the historic
courses of these streams below the canal. During flooding, flows from these
streams have broken tt1rough and over the canal. The problem is worsened
by overland drainnge from the north. The canal traps the flood waters until
they overtop the canal barrier. This pl'oblem is becoming more severe as
urban development north of the canal increases and runoff becomes greater.

As 11istory has shown, floods have different intensities. The Standard
Project Flood (SPF) is the flood ~hat would result from the most severe
combination of meteorologic and hydrologic conditions considered reasonably
characteristic of the region. Present development within the SPF area
SUbject to flooding consists of 5U,500 acres: 17,680 acres of residences, 4,060
acres of commercial and industrial businesses, 12,530 acres of farmland,
2,800 acres of public find semipUblic: lands, 260 acres of parks, and 13,170
acres of undeveloped land.

A IOO-year flood is the label for a flood which has a one-percent
chance of occurring in any year, or a 22-percent chance of occurring in any
25-year period. A 100-year flood would inundate 31,540 acres.

The authorized Phoenix and Vicinity Flood Control Project, depending
on the aren, provides eith,~r SPF or 100-year flood protection. It is a
comprehensive and fUlly integrnted systen of four dams in the mountains to
the north, 20 miles of channelization, and 19 miles of flowage easements on
open space with some floodproofing, levees, and ctannelization. The project
also calls for recreational develcprrent, environrr,ental lif:cl cultural resourcES
preservation, and esthetic enhancement.

3



The four dams of the projeet are:

• Dreamy Draw Dam, on Dreamy Draw, completed in 1973.

• Cave Ruttes Dam, on Cave Creek, completed in 1979.

• Adobe Dar~1, on Skunk Creck. c,)",pleted in 198~.

r •

(

(

(

(

(

,l

The 17-mi1c-lonl: Arizona ennnl nivel'sion ~ 'li,lIInc! (,\CDC). to be built
:lol·til of tile .\rizona Cnna] from ·lOU: ,;"",.-\ on Iii' CI,'\ ((I Skunk Crpck nn
the wcst, will intercept ilnd l'onvey <:i ..... l'h::IgC.' i"rol; ;)t·(,i.ln~y Dri.IW find CtlVC

nuttcs UitmS us well as aU othel' tl'i:l\lt:IJ'~ nov...... v:c:--t to Sh:unk Creck.

On the ,'.'estern end of the pl·ojcct. tl.e noc,L! ",,,t01" would flow south
:.long Skunk Creek, 'ew River, nnd tile '\[~"" rl'ia 11i,'('" to its confluenee
with the Gila River'. Channelization of tilese ~,rc[,,"s WaS not as strongly
justified, lnstead, flowage casements will be ohtnincd for the 100-year flood
plain.

The projeet will provide SPF protection from flood waters originating
above the four dams and 100-year protection fron' dood waters originating
between the dams and the ACDC.

Construction of the Phoenix and Vicinity Flood Control Project began in
1972 with the construction of Dreamy Draw Dam, Completion is scheduled
for 1991.

The project will protect development \,,'orth approxirr,ately $10.1 billion
(in 1981 dollars). The total project cost estimate is S612.3 million (inclUding
$32.3 million for recreational development), The estimate includes:

• Actual costs for t.he completed portions of the project
(Dreamy Draw, Cave Buttes, and Adobe dams), current
stUdies, and construction underway,

• An allowance of approximately S245.4 million for estimated
inflation during the nine remaining years of construction.

Of the total estimate of $580 million for the project's flood control
features, $329 million is a Federal cost, and $251 million is a non-Federal
cost. For the $32.3 million for recreational development, $15.3 million is a
Federal cost, and $17 million is a non-Federal cost. Inflation has been
accounted for in project costs.
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Project Altcmntivc:s Considered

In every flood control project the Corps of Engineers must study llnd
consider u full rang-c of nltcrnativc solutions along l1 spectrum from no action
to nonstrllc'tllrnl mCilS'"'C'S to completc structural improvemcnts, Structur,l!
impr'ovcmcnts i1rc tiros<' built by miln (0 c'ontnin tllC flow of flood ",Zitcr:S:
Nonstrll<:'tur'nl mC':ISU!'C~ -ii-['"c - nctioll~ t<l~cn---Gv /Ilan to constrain flltllI'C

Jevclor:Jnicrlt"in ti,l' flood I'lni,;'(c:gc::- restrieti\'e zoning), compCllsatc people
fa:' ("("Olh'r1 ic 10:-" dtl(~ to f}('I.'dillf: ((""b" 'l<,.'quiring fIO\\'Hg-c-C,:~C'1~1cnt~,

providing' flo,xi j'hlW;:lJl'C). (I' !,rotl,(·t j:rl".'jh'rty ;!Gaill:,t cJ<Jlll:lge frol1. illUl1tb­

lion (e,g" flood pt'OofingJ.

The Corp:, :--:ll:diC'(; 111:tny .:tlt('l'l1;:tivt.... ,'"'. Si:-;- \'.'C!'C' l'01l~itiet'('d in dotflil: one
plan for no fur'Uk'l" ,"1\...'1 i(.lll (aftl'l' th", L'\."JIl:--lnll,:tion of Dreamy Draw Darn),
t1wcc plans fol' conipk:il.' :-.ll'll(-'tlll'al improvements (dams only. C'hannels only.
nnd a C'ombin:1tion O! ''::1111:' (;fld cilun~lels), and two plBfls combining ~tl·\If'tlll'<..l

und n0nSU'detUl'al irn~I·(l\'\.:1I1C'nt!". The nHlin el'itcria for c\'nluating alternative
plans cncofl1puSS:

(
• Plan aec:eptabilitv, Is the plan acceptable to the coneer'ned

governments andpUblics?

• Plan completencss, Does the plan ineorpora te all necessary
actions toCnsu'r-e- full attainment of the defined project
purpose?

( •

•

Plan effectiveness. Will the plan, when implemented,
achieve its objectivcs?

Plan efficiency, Which plan will achieve national economic
development, environmental quality, and other objectives in
the least costly way?

(

Based on its evaluation, the Corps selected a modification of the
originally aut horized project: one of two plans combining structural and
nonstruetural improvements. Specifically, this plan was selected because:

(
• Of the four alternatives providing the largest degree of

flood protection, the costs for flood control improvements
are the least.

• It provides the second highest maximum flood control
benefits (only O.5-percent less than the alternative with the
highest), but at IS-percent less cost for flood control
improvements.

(

• Its benefit-to-cost ratio for flood control is the highest of
the four alternatives providing the greatest degree of flood
protection, The benefit-to-cost ratio expresses the extent
to which economic benefits from a project to the nalion
(measured mainly in terms of flood damages prevented) are
compared to project costs.
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• It has tile least impact on the environment compared to the
tllree other plans which provide comparable flood control
benefits.

• lt i, the rlan rno>t suprorted by local governments and
i!("c('rtable to tile scneral pUblic,

• It Ila, tile l~··l'iltl>:t rl'ereationnl benefits illl:onb all tllc
u ltc-n,d i\'C'~.

I'rojcet Support

:\'- indiC'ntc,1 ;,('I'CII·C. til-." ~'ni'r:.:: pla:t'l ...~·d ,11ld dcsign('d the' Phocni\ ;~Ild

\'jl~init~ Flood (''-HlP'OJ r'l-oj('C'l irl t..((\~~C' ('c,--'n:ill~jtjon with till' f"]c,od COl1tl'ol
ni:-;t:'iet of ~d':l'i·:'-"r;l COlli.t~ ,lll:] tllt' Cit~ vf l'hocnix. In ~tlld:\ irlg tLc tlI'1'H\
of itlt(:'TI~lti\'e~. tllC' C0rp~ ~ought Vl:.dic input in ~: series of public me-ctings
:-:l1d in inforlli:il :";C..;:-:i(JIl~ ':;i~h citil:tll \'Ilvi 0flmcllt~1 and [.'lnnning gI'OlJP~. The
Corps closely coonjinatcd its pl;dlllillg with othel' redcI'aL sUite. and local
go\'ernment agcllcies. TI·,e result of this efrort of coordination and
cooperution, over a 20-year period of extensive planning, is a project ",hiell
lias been broadly supported throughout tile Phoenix area.

The Arjy.ona Canal Diversion Channel

This part of the paper discusses the purpose of the ACDC, its features,
alternatives considered for the eastern portion of the channel, the level of
flood protection provided, channel design, environmental and cui tural consid­
erations, and water quality issues.

ACDC:~

The ACDC is intended to protect people in Phoenix, Glendale, and
Peoria against 100-year floods and to convey flood waters draining from the
dams in the mountains. If tile ACDC were not built, flood flows from the
dams and from severe storms between the dams and the Arizona Canal would
build up behind the Canal until they overtopped it, then breaking out in
various places all along the Canal. The residents of Phoenix, Glendale, and
Peoria would continue to face the residual flood threat from runoff
downstream of the four dams.

ACDC: Features

The ACDC will be 17 miles long, from Cudia City Wash near 40th
Street on the east to Skunk Creek on the west. It will intercept flood waters
from the Phoenix Mountains and from Cudia City Wash, Dreamy Draw, Cave
Creek, and several minor tributaries, as well as from uncontrolled overland
flow. Currently, tilese flood waters frequently exceed the capacity of the
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.\rizona CunnI, causing brcakouts and flooding to the south. The ACDC has
thrcc types of channel configuration:

{

'(

(

•

•

From 40th Street to 47th Ave. A mostly rcinfol'ccd
{~oncrctcchflllnclwith vc,:i,cal-i\-dls to r"inimize the nlllount
of land and associated developr.1cnt to be purchased,
Another eonfil;ul'ation (for example, a concrete trapc/.oidal
or an unlincd ,,1"'l1nel) would h:lvc rCCjuired the pU!'l,j",,;e of
i',',UC'll ;1.0I'C pt'opcrty Ht r;lucil gTc111cr ('o~t and tile r'clo(';)ticHi
of 1;",illJy 11l(Jrc ~}l'oplc. The C\)rp~ ~C'l('('tcd the et!;ulJ1cl \,,"ilL

vc'rtic'Hl v\'c-1ib becAuse it significantl~' reduces the <,o:-;t oC
i,rull(-l'ty •. (,(~l:i~ition ;tllCj J"inin .. izc;-:; :-:oeiul di:-:rllptio~l \:~j(' ((I

l'l"loc.t t ion~.

FrOl1l ~7tt1 .\\'('11110 to (',leltls Road. A concI'ete 1I'f:;""'( .... oid(l!
(' lI"nl 1,"1. ',; liiTe-lilOre--li-l,i<J -Olust be acquired than for e
('(l!lt'i"cte \'c['tiC':~l willl channel, it is the IC2st l'n:o=.i.ly
confi[':uration becfiuse of less urban development in thi,
portion of the project area.

From Cactus Road to SkUl1k Creek. An unlined channel.
This will pcrmit recreational uses in the channel bottom
during no-flood situations: bicycling, jogging, and equestrian
trails; picnic areas; and playing fields and courts. This type
of construction is possible for this stretch of the channel
because there is even less urban development than from 47th
Avenue to Cactus Road. This type of construction is
feasible for this stretch of channel. It is preferred by the
communities of Peoria and Glendale.

(

(

(

The visual impact of the channel will be minimal. Since it will be
entrenched along its entire length, people will see it only from bridge
crossings (and where it is covered, not at all). Experience with other Corps
projects similar in design has been that rectangular concrete channels, when
viewed from relatively low altitudes or acute angles at a distance, do not
dominate the esthetics of an urban area. In addition, the ACDC design calls
for esthetic features. In the concrete-lined portions of the channel (from
40th Street to Cactus Road), the Corps will add esthetic features such as
landscaping and channel-wall designs to further soften the impact of the
ACDC on the Arizona terrain. The Corps has begun to meet with affected
residents to present and discuss optional esthetic features most desired.

Alternatives: the Eastern Portion of the ACDC

Originally, the Corps planned for an ACDC only 12.4 miles long: from
Dreamy Draw on the east to Skunk Creek on the west. In June 1972,
residents affected by Cudia City Wash in the eastern part of the area
sustained over $4 million in flood damages. This flood awakened Phoenix
area governments to the prospect that more severe floods might calise much
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Icore severe dUinage. In 1974. the Phoenix City Council requested thHt the
Corps eon,ider, as part of the nuthorized project. providing flood control
impl·over.;ents from Dreamy Drnw to Cudia City Wash in order to protect
['C'ople tJ1J'(':ltC'ned by floodin[: from this drHinage area. Cudia City and 'l~"ny

,,~inor 1'0',,;11(" I'low to the ,\rizona Canal bet ween 3Gth nnd 40th Streets. The
Corps "c;rccd, given the severity of the 1972 problem and the potential
threat. :\ftt'r a thorough technical and economic evaluation consistent with
rC(:cr:l1 l;?\':. the lorr~ f('\und that inl'Orponlting this cxtrn nrc:: into the'
!' 'Pjr'l'l \':c,~dd ;'v t'(·~~!l()r.-.i(,;ln~1 jl:=--tificd :Illd that it thc:'cforc ~hOllld be' :1 P:!l!
of tllC' Con"t'es:,ionally authorized p,·ojcct.

Tile (-.)rp~ cX;d:~iilCC in dctnil three nltcrnntivcs: (1) extending U1C
:\CUr -Lti r;,q,,-,-> ...;1st h} ·H!tlJ ~tl·C ..... t~ (2) building a IlUf.lbel' of Slnilll cClvntion
l'.:"ins in tit\.., C:idiiJ City \"f ;:~h c~'ailw[;e area within tIle town of l'lil"ildisc
VtlIlcy; Inc! (3) ilc:ill.lin,: 8 collc,:tor cil"nnel along the Arizona C:.t\;tl to
intel'ce'nt ilnd ('0:;\'(;\' flo\\'s if'o", 36th Stf'ect to 40th Street "nd then into n
box clIh'crl that \'/ou]c (OOP\'cy the conceted flood waters and flov;s fron~

Cudia City ~;i"ll south undcf' the Ari7.0nu Canal and along 40th Strcet to the
Salt niver.

The 4.6-·[.1ile extension to the ACnC will ensure the conveyance of 100­
year flood flows in the ACDC. The detention basins would reduce the penk
flow in C'udia City I. ash at the Arizona Canal and therefore reduce tile size
of the ACDC between Cudia City \'Vash and Dreamy Draw. The collector
channel alone- the Arizona Canal from 36th Street to 40th Street and the 40th
Street culvert would avoid introduction of increased flood waters into the
ACDC [j!together.

The Corps rejected the detention basins in Cudia City Wash drainage
area. The Town of Paradise Valley strongly opposed the detention basins.
Construction of the basins would undo residential development already
underwny or l,revent development approved by Paradise Valley's Town
CounciL In 1974, the Town Council edopted a motion opposing both the
ACDC through Paradise Valley and the detention basins.

The alternative of a collector channel along the Arizona Canal from
36th Street to 40th Street and a box culvert under 40th Street from the
Arizona Cena1 to the Salt River VIas estimated to cost over $45 million, as
reported in the i,lain Report of the Phase I General Design MemoranGurn
(j\;jarch 1976). The cost estimate for extending the ACDC 4.6 miles east to
Cudia City I'-ash was $39 million. Because of the differences in costs and
the fact that the ACDC extension would control floods originating in the
Phoenix '.lountains between the Cudia City Wash and Dreamy Draw drainage
arcas (while the collector channel would not). the Phoenix City Council
opposcd the collector channeL Given Phoenix's strong opposition. the Flood
Control District of w!aricopa County (the local project sponsor) gave its
support to the alternative of extending the ACDC 4.6 miles to 40th Street.
The Corps accepted the Flood Control District's position. The ACDC
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exten~ion wns clearly tile best nllc'l'Ilntive b,,,ed on flood control benefit,
cost, nnd local ne('cptability t'riteria.

In "arl\' I 982, tile ('OI"[)S t'onsolidated its pl"oject files, discUl'dillg
project <lal:1 /l0 h.)J1L~Ct· {'oll",idc'1'0ti to be Ih'l"'~''''i1I'\' to t'Olltll!lIC with the dc:-,ig-n
of tll(' ;l1lt1'O['izcu P['ojf>ct \\"hic'h "'as qrong-J~' sllpportcd by the City of
Phocnix ;lIld the Flood ('ol1[['ul 11;.'tl"i"t of ~jn['icopa County, This
('oflsolidiltion was t1IHlcrt:d·\i.\I\ III f"l':'-!J011..... C tn a COl'p~ l'l~l·ord-redtJetion

(:i:'('('ll\'l'. III LtC' l~lSl. 111(' <btil ,"Ill :!!tvI'1l:11i\'l'S to tl~c -Lt'-Illile ACDC'
l:\lCIlS;Ull w!liell WCl'l' de\'v!eJp('d ill 1~17'2-~·j WL'l'(; 110 Junger IIl'l'Ucci, Sifl('L' lJy
t!l('/1 till..' .\CDr: e'll~!l'-.:i()r! ',::l:- i. fUli\" ililqr r;t1C'd 1l11C, :tf_·l'~~pt(·d purl 0(' !l1e
j\l'ujvt.'t (:!llll :--ill(,(, lll\.... 1:.:1::1 \.\.."....:!:- or d'f.' idtt't'll<lti\'L'~. c:-.eludlllg utility
l',·!(t{',':lioll:-·, ,';ere illci1:(JI..'l..! ill tl.l,,' !~17!-; !\rr·jt:c.:t rC;"1(wt). ;\lo!'C'(\\,cr, the C0St!'

of tile ;lltl'1'I1:1ti\'c~ to ti,e (·xt('IISi(lJl ~·:\.'r(' lit) lon~l,,:r CW'I'CIIt. Corp~ policy is
tu upd;Jtc and t'olltillllC unly tIIL)~t: d'IL: wtJi<:ij urc illlpurtllflt to HUtllOl'i'l..C'd
pr(l ject de>ign.

TIle Level of Flood ProlcctiOll

In trying to p!'Ovide flood p"otection south of the Arizona Canal, the
Corps analyzed three levels of flood pJ'otection: from the Stnndard Project
flOOd, ti,e I DO-year floo~, nnd the :>'Q:.l'.~~'!.J:.!o0.:J. Strictly from an economic
standpoint, the Corps lound that impr'Overnents to prevent each size flood
would be economically justified. Howevcr, the Corps also found that
improvements to protect against the IOO-year flood were in the best overall
public interest. There were two main reasons.

First, the Corps found that improvements to protect people south of the
Arizona Canal against tile I DO-year flood would result in better net economic
benefits than improvementstoprotect people from a lesser (50-year) or
greater (SPF) level of protcction.

Second, the Corps concluded that improvements to protect people from
a Standard Project Flood would be too economically llnd SOCilllly disruptive
to the Phoenix metropolitan urea. Constructing the ACDC to provide SPF
protection for residents south of the Arizona Canal would require the Flood
Control District to acquire substllntially more land than for the uuthorized
project: 62 pereent more land, which would be permanently removed from the
tux !'Oils; a 47-pereent increase in home relocations; u 55-percent increase in
apartment building relocations; a 63-percent increase in business relocations;
and 630 additional acres of flowage easements along Skunk Creek and the
New and Agua Fria rivers, The Flood Control District has said that since it
could not afford the increased costs, it could not continue to support the
project if SPF design criteria Wcre adopted for the ACDC. And, without this
diversion channel, the flood flows from two of the completed mountain darns
would have no place to go but into ti,e Arizona Canal or--inevitubly--into the
Phoenix area to the south.

9



Thel'e is n legitimate concern about whether the ACDC, designed to
protect people from the IOO-year flood, might cause more severe damRge to
thcm during a Standard Project Flood. It will not. In fact. the ACDC would
c:Jrry aw",' over 50 percent of the SPF, resulting in far less damage than
Uli(!l'r c\:i,~tillg <..'onditions. Scvc['<ll n~pL'cts of the ACDe ~lIpport this
('o[lL·lu .... ion:

(

(

(

•

•

•

•

I~a"t of ('a\"(: Creek. Ruuoff from the Phoenh :lloul1tu,"'
\\ ill -~:'~~li('[':!lly-be -Z:"()llccntrntcd, follo\':ing the S,inlC C'll!ll':--!'.

,,:it!l UI' \dtllout tile :\CDC. Di\'crlcd flows :tlIT'jlO" itl til~_

,'I "!'C\-",fTnotovertop the channel b'lnks unless :,ddit i,w"1
flll0u \\":tlC'!'s dO'snSll'Cam ellter tbe clJ,~nncl ,It tile' <. lr~:(.

Ii""" lout if this Iwppens, those flood flows wc,uk ",,1>'
fl,'oJing do\\'nstream without the ACDC. t,'ith tile ,:',Ci,,''',
IKl\';"ver, the flooding threat is much less frequent. ",,,''.
flows ex<:eeding IOO-year protection will spill 0"<:1' U;c
,\rizon:l Cnnal--much gl'eate,' protection than is plovi';L<.I ;,1

present.

West of Cave Creek. Flood flows move overland, not
roTIowing IVcll-deflned channels. Without the ACDC or due
to channel overtopping from floods grcatcr than the 100­
year flood, downstream flooding can occur at any point
because of breaks in the Arizona Canal. With the ACDC,
there will be no canal breaks for any flood up to IOO-year
protection. The flood flows will be totally confined within
the ACDC.

Flood waters from Cudia City Wash. If the flood flow from
the area served by Cudia City Wash exceeds the IOO-year
flow, the excess will be allowed to spill out at its source. If
necessary, structures will be built on the ACDC for this
purpose. Flows exceeding the I DO-year flood in the drainage
areas bctween Cudia City Wash and Dreamy Draw will not
continuc in the ACDC.

Biltmore Estates retention basins. The Corps has considered
these basins in the design of the ACDC. The watershed
containing the basins contr'ibutes little to design peak
discharges on the ACDC, with or without the basins. The
final ACDC design will ensure that the ACDC does not
adversely affect the capacity of these retention basins.

In summary, no one will be worse off all along the channel from any
flood greater than the IOO-year flood. But the ACDC will ensure that
thousands of residents in Phoenix will have much greater flood protection
than they now have.
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Channel Design

The COI'rS of Enginecrs dcsif,"ncd tlle ACDC using standar'd hvdraulic
design er'iteri". Some of the clements t1wt go into the design inel~lde the
f!L)llC wnter' lli:-;eh:ll'gc 1 channel geometry, dwnncl slope, channel roughness.
the 'HIC,Hillt of "l'dill1l'nt in flood flows, flood flo\\' vcloeities, design
frceboard, and thc ;l\'ailability d land right-of-way in which to build the
<.'1;:dl11(,1. l'~ifl~ t:l(,~C pnrar:lC'tC'f's. the Corps develops H water S~jrfR(,c profile
il' d"'i;:'jl il l'h:1I111C1. Tile 1.0:' .\llt~c'IC'~ Di;..;tl"iC't ha~ dC'~it:n('d <llld built C\'(;!'

::;~}G i.lih'~ of :.'l:! '!'f'lc-!:ncd ...·It<::lIlcb ba:--('d on it::- ilydi'ilulie uc:-:i:;n erilc!'j'l.

lil I",'l'('[ll ,';0IttiIS. ~on:(' (,l'ilic~~iriliI\IY ('OIl('C'l'llC'cJ willl the ·;.G-·miJ('
.\l'PC (\!ClI:--ic'll lrolll ·.JiJttJ StJ'l'ct to nr('Hn~y D[':~\\'--!Ii~\'C rui<..;cd qllcstion~:
;r!l011t ('( l't.::ill ;L~:.:")!.'('t~ of tile l'1l:ll)11(~1!.<..; dc~ign criteria: C't1atlflcl roug!lne~:.;;;, tile
dl::-ign (:i·,(·fj~il'ge. :-:C'dir~-,cnt in Itl(\ flood flo v': , fr'ccbonrd, [!!1d flood \'cklcitk·s.
Tile CorT'" uses tllis ~cctiol1 of t.he report to pr>ovide nccessary dAta on its.. ..
GC'::I~n t'!'ltt':I'W,

Ch.annel Roughness

An important factor in the hydraulic analysis is the energy lost from
friction bctween the water and the channel surface. The loss depends on the
roughncss of the channel. The rougher the channel, the slower the velocity
of watcr and, therefore, the larger the channel needed for a specified flow
rate. The quality of concrete and surface finish which the Corps requires
ensures that the channel surface will be relatively smooth. To allow for
suroface roughness, the engineer must use a coefficient factor. A commonly
used coefficient to account for surface roughness is the Manning coefficient
factor. A factor of 0 implies no friction between the walls and the water
and therefore is unattainable. A factor of 0.012 would indicate the
smoothest surface attainable under ideal conditions, while a factor of 0.016
would suggest a relatively rough concrete surface. The selection of higher
roughness coefficients may be necessary under certain conditions because
weather conditions might cause the surface to deteriorate with age.

Thc Los Angeles District has designed almost all of its concrete-lined
channels using Manning's roughness coefficient factor of 0.014. This is a
conservative fRctor consistent with the quality of the finished surface. It
allows for the effects of weatherization and concrete erosion. Those effects
are very small on concrete channels in Southern California and Southwestern
Arizona, mainly because of the lack of freezing and thawing which cause
rapid deterioration of the concrete finish.

Data collected during actual flood events on existing channels in
Southern California support the Corps' use of 0.014 as the conservative
coefficicnt factor. Tujunga Wash, the Los Angeles River Channel, and
Alhambre \':ash each had coefficient factors of less than 0.013. The channels
ranged in age from 14 to 45 years at the time of the coefficient factor tcst.
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TIle Los Angeles District consulted a Corps of Engineers Committee onchannel stabilizl'ltion for expert advice on the appropriateness of 0.014 I'lS thel'our;llIless coeffieient factor for the ACDC. This committee, consisting of 10rIlember's from Corps offices and rescHl"ch laboratories throughout thecuur,tr\', ,'onfirlllcd the Los Angeles District's conclusion, It is abo suppOl'ledb\ l'X:'c'l'l ('II!,in('crs outside the Corps. L.C, L'rqulHlrl (c:.:.!:'~0:.'.lgin'·L'I:!.nsIL,ndL'l,,,I,) rc'conlmellds [l (ne·tor of 0.014 for' concrete-lined l'il"nnels v:ith:'-l)od :--\:l·!·-:ll'C~. Yell Tc ("llOW (Onen C'h:lIlllel Ih'ur[lulies) r('eOlllmC'lld~ H Lll...·tor~r {i.1l13 h.)I· VOIl('l'cll..'-lillC'(} ('ll;-1~1Iie[..; --wltlltro\,;c"fccl -SllrLlccs.

l )esir;n niseh:lf'"~C

TI,,' 100-y(';)r dc'sign di,ch,wge [0" tile ACnC at Cucia City \\'",h is':,801l <.:lli,ic [('('I per 'CC( 'Id (ds), '111C 1',,1'1 I lIydroJog)' Hepar! (19~ 4)pl·(..~t ... ntcd the ntC'thocoJogy tl~cd by the COl"P~ to generate the 1.:(':.:i6 J1dbcharge and other design flood valucs. Thc methodology has been f'ubJi,hcdfol' se\'en YC<-lI'S nnd tws been cool'dillntcd with and reviewed by Jnany :ocalorguJlizlllions inclUding the Ar'izona Depurtment of Il'ater Resou,'ces, theFlood Control District of i\1aricopa County, and the City of Phoenix. ThcPart 2 ACDC Hydrology Report (1982) provides a comprellensive descriptionof all data sources, assumptions, and results to prod).lce the design dischargeof 6,800 efs.

The basic procedure was to utilize all available runoff information inorder to establish discharge frequency relationships for watersheds understudy in the Phoenix region. Discharge frequency relationships wereestablished for urban watersheds in Phoenix, based on the observed runoffexperience of urban watersheds in Southwestern Arizona.

Regionulization of discharge frequency relationships is a commonly usedtechnique when streamflow information is insufficient or unavailable for thewatershed being studied. While the ideal procedure for computing 100-yearflood flows would be to use site-specific data, they are not available on theproject drainage area.

There are, of course, other methods to establish a discharge frequencyvalue. When different procedures are used, it is the general rule that theresults will be different. Using the method of the U.S. Soil ConservationService (SCS), one engineer established a discharge frequency value for theACDC of 7,200 cfs. The difference between the Corps established value of6,800 cfs and 7,200 cfs is less than six percent-so close as to suggest thatgood jUdgment was used in both methods to estimate the magnitudes ofvariables involved. Given the normally short periods of time that streamgages have been installed on small watersheds in Southwestern Arizona, thestatistical confidence limits on 100-year flood determinations are more thanplus or minus six percent for natural, undeveloped watersheds. Forwatersheds undergoing urbanization, such as metropolitan Phoenix, theconfidence limits would be even greater. Hence, the six-percent difference
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in IOO-year desi~n discharge estimates constitutes virtually completc agree­
ment in t"rms of design flood magnitudes.

The SCS method (ns well as the IlEC-1 ,-,omputer prognJln developcd by
till' Corps) ,,»;ullies tlwt rUlloff frequency is e(juivalent to thl' rainfall
i'1'llqlJl'ne~' which ('<lllSCS it. "thlt-fhis i~ not necessarily 01<' ('usc. ~incc -\'\,;;ter
will !'er<,ol"te into the ground. The SCS and IIEC-l methods arc nl<l:'t
'.":du,dde if tlley ill('}udc e~t1ibl'nting r"illf~Jll-rllllorf vari;lhlc:-- to ~itC'-~r)t·\.·ifil'

I',dd ill f'lIdi,1 Cit~· \\';lsll or e;!Iillr,l1illg the procedure III ;H'l\litl ()bSCn'l'd
,ii-..ciliJ!'::;:C' frvqlll.:Il<:y r'cl;diolls!lips for urban wiilcrshcds in til<': region. TIlt.,
\ ',.-1';):.....I: ....:;)l'c·l:--: lllill if !!li:-: \\'er(~ done u:.:irlg tile SCS !llC't!I(ld, the result \','(,uld
:'l' ':1 Fl't •. jUCIIC.'y di:,l.'!lill't:"C cio~cr Lo G.son ('[s.

Fred>o: rd

,\nother important pMt of ch'l/H1c'l de~i,;n is to "dd "I""(;cboaru"-­
irh.:·l'ctlsing tile l'IIHlllIClls depth beyond wlwt is iJb,:-;olutcly l'cqllired to liilJH.ilC

tilc size of flood to bc controlled. FrcclJoard is added to (;/l'ure that tile
d,'sired degree of protection will not be rcduccd by ufli,ccountable factors.
Tile freeboard for the ACDC is a minimum of two feet. Thb is thc standard
uscd by the Corps of Engineers for rectangular concrete ehanncls. The Los
,\ngcles County Flood Control District uses the same figure for cilannel
velocities Icss than 35 feet per second. (The velocity in the ACDC will be
11 to 12 fcet per second.) The SCS uses the larger of 10 percent of the flow
dcpth or one foot, which for the ACDC would result in about t \vo feet of
freebnard. One engineer has argued that using criteria of the Bureau of
Reclamation, the ACDC freeboard should be 5.3 feet. The Corps, in
reviewing the Bureau's criteria, found that 5.3 feet of freeboard would only
bc rcqui"ed for a leveed channel (which docs not apply to the ACDC).
According to the Bureau's criteria, the ACDC freeboard would be 2.6 feet.
However, the Bureau's criteria are for irrigation canals and not flood control
ehannels. The ACDC, a flood control channel only, will contain no flood flow
most of the timc. Irrigation canals flow at or near capacity most of the
time. Therefore, more freeboard for irrigation canals may be desirable to
accommodate flood flows that may enter the canal.

The Corps continues to find that two feet of freeboard for the ACDC
is sufficient. In any event, the Corps docs not use additional freeboard to
account for any insufficiency in design. That is not good engineering
practice. If the Corps believed that its design parameters for the ACDC
wcre inappropriate, the Corps would redesign the ehanncl.

Flo. Veloeitics

Concern about velocity has been expressed because of the risk of
channel failure or overtopping which might cause great danwge. Tile ACnC
Iws no risk of failure; and in rare .."tances of overtoppin~, no one will
sustain greater damage than under curr'ent conditions. As stated above, tI,C

13



r

(

(

(

(

(

(

ACDC will have flood velocities of 11 to 12 feet per second. The ACDC
channel will be lined with 10- to 33-inch-thick reinforced concrete with
double rows of rebaI'. It is rare to desi~n a concrete-lined channel for such
slow velocities. NOI'mally these vclocitics vlould call for side slopes lined
with rock and unlined inverts. On the ACDC. the concrete lining on a
portion of the channel is only to I;)inimizc the rcquircmcnts of right-of-way
purchase and not 10 handlc Ihc flo\\' velocities. Tilcrcfore, there is no risk
of failure.

Ob;-;(ll'\'ution~ of ral'(~ iTl~l<JIl(:C'~ of O\'C':'t0!lping Corp:-;-built ('h:·jflll('l~

illdicfltc tl18t the ehanncls :-;u:-;lain no (i;l:.1'~f('. For cXcu;lplc, in 1fHHI one
viHlnrlC'1 in Lo~ :\nf:('I('~ ovcr'toj)i1cd \\"itll .: \'(lo':.·ity of 30 feet per :--l, ..:Olld.
There ".'ns flO ('1~:iIlllc] ti'lll;ag"c.

In the covered pOl'tioll of the .'\''-'OC, (llC CO"ps will I,lake ('crlain (lwt
the channel never fin",,, filii because of tlic' increased friction created by the
eover. To ensure thnt the box nCl'er flaws full. flows in excess of tile <ie~ign

discharge will be allowed to overflow upstream of the covered section and
enter the Arizona Canal. Breakouts f"om the canal arc what happens
currently.

Environmental and Cultural Considerations

The project's impact on environmental and cultural resources is
discussed fUlly in "Design ~lemorandum No.3, Gen.eral Design Memorandum,
Phase I, Plan Formulation," and the "Final Environmental Impact Statement"
(both published ~..iarch 1976). The Corps selected the authorized plan in
recognition of the documented impacts, conclUding that, given the severity of
the flooding problem and the effects of other alternatives providing a high
degree of flood protection, the selected plan's environmental impacts are
justified. These reports were widely circulated and coordinated with the
public.

The Corps is sensitive to preserving cultural and archaeological sites of
value. For example, the existing dam at Cave Creek (built in 1923) has been
nominated to and listed on the National Register of Historic Places and
preserved for its historical values. The Corps has an active archaeological
program at Adobe Dam, New River Dam, and Cave Creek to preserve and
understand the petroglyph sites and cultural artifacts discovered there.

The Corps acknowledges the cultural significance to Arizona of the
Arizona Biltmore Hotel and the Wrigley Mansion (although they are not
included in the National Register of Historic Places, nor are they designated
Arizona State Landmarks). However, the ACDC, lifter construction, will not
adversely affect these properties.
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Waler Quality

One-hundred-eighty days prior to discharge into Skunk Creek, a permit
(under the Nat ional Pollutant Discharge [lim inll t ion Sy~tem) must be filed
\\'i1l1 the l' .5. Environmental Protection .\gcncy lind tllC .·\rizona Departillent
of Ilealth. TIIC Corps fully intends to incor'pornte tile requirements of these
"geneie~ ilS they relate to wElter CJu:l1ity lind eo""lr'udion of the project.

Conchrsion

Tilt' Phoenix Hild \'icjl1it~' Flood C(lqtrc,l Pro.i·_ <.'t is ;1 cOlilf)l'cilL'lI:-:;i\'c.

illlC~~I'"led system of structural alla liClbU'lIL'lll;,.,j !]!l';::--I/I'C'S to rwovidc D. hi~h

t;CsI'C'C of flood protection to the people ( r ~\;C'~r\,; I-,jilin\ Phoenix. It is under
c-onstruction. Failure to complete const! el ion of nil tile clements would
,,;ean that the people of ;.letropolit:1Il I'/,co. Ili.'. ','.-c.uld eOI,ti',ue to be sUhjected
to cxtensive flood damages.

The ACDC is an essential ~flrt of th0 total system. It completcs the
project. It provides a level of protection (lOO-ye!;r) \\'hich optimizes flood
control benefits, is the best economically "nd financially, and has the
greatest support. The ACDC protects thou,anns of people not now
protected-people who are increasingly vulnerable to flood damages as urban
development continues. It makes conditions worse for no one. SPF
protection, requiring a complete redesign of the channel, would delay
completion, require relocation of significantly more people along the channel,
and overtax the Flood Control District's ability to pay for it.

The ACDC design is conservative, based on the standard Corps design
criteria and the agency's long history as the main flood control builder in the
country. Those criteria have been reviewed and endorsed by the Corps
technical review offices and the main Arizona agencies concerned with the
project: the Al'izona Department of \Vater Hpsources, the Flood Control
District of I\':aricopa County, and the City of Phoenix.
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