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As part of the channel ization/levee design for the Agua Fria River from

Buckeye Road to Interstate 10, Simons, Li & Associates, Inc. (SLA) conducted

an analysis of the drainage problem created by the propo?ed levee blocking the

natural outlet of local runoff into the river. This analysis consisted of

delineating drainage areas that would contribute local runoff to this reach of

the river and then selecting hydrologic parameters that could be used to

develop hydrographs at various concentration points along the levee alignment.

The peak di scharge from each of the hydrographs was used to desi gn fl ap gate

cul verts thro ugh the 1evee embankment, thus el imi nati ng the pot~ntial for

ponded water along the landside toe of the levee.

At the request of the Flood Control District of Maricopa County, the

local drainage analysis was based on a 10 year storm return interval and

exi sti ng 1and uses. For those sub-basi ns along the west bank of the river

that are located within the City of Avondale, the District requested that the

drainage analysis be based on a storm return interval compatible with City

policy. Contact with the City of Avondale indicated their policy for drainage

calculations is a 10 year-2 hour storm. In order to be consistent with this

pol icy and to comply with the District's request, a 10 year-2 hour storm

duration was used in generating all the hydrographs presented in this report.

The District also requested that the inlet design headwater used to size

the local drainage cluverts not be at a higher elevation than the water sur­

face elevation for the 100 year flood for existing conditions on the Aqua Fria

River. This criteria was complied with at all side drainage inlets from

Buckeye Road to ·~od,; feet downstream of the 1-10 bridge.-----.--/
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II. WATERSHED DESCRIPTION AND DELINEATION OF DRAINAGE AREAS

A precise delineation of the local drainage area was difficult in the

absence of detailed topographic maps. This problem was further complicated by

the fl atness of the area and the exi stance of roads, drai nage di tches, and

numerous irrigation laterals which all tend to divert and intercept overland

flow, thus distorting the natural drainage pattern of the area. Accordingly,

a si gnifi cant amount of judgement and some simpl ifyi ng assumptions were used

in the hydrologic analysis.

The watershed boundaries that were used in the analysis were based on the

results of several field inspections by SLA staff, a 7.5 minute USGS

quadrangle map (111=2,000', 5' C.I., 1957) and the topographic map (1"=400',

2 1 C.L, 1981) used .for the 1984 conceptual report. Additional input on

drainage patterns along the east side of the river were obtained from a local

resident who farms this area. The results of this investigation led to the

delineation of several sub-basins which will contribute runoff to con­

centration points at various locations along the levee. These sub-basins and

thei r concentrati on poi nts are shown on Fi gure 1. Fi gure 2 presents a USGS

quadrangle map of the drainage area.

The Soil Conservation Service (SCS) classification for soils within the

local drainage area is, Hydrologic Group B. This classification is based on

soils maps published in the Soil Survey of Maricopa County, Arizona, Central

Part, U.S. Department of Agriculture, SCS, September 1977. The soils are pri­

marily loam and sandy loam. Permeability rates are in the range of 0.2 to 2.0

inches per hour.

The sub-basins on the east side of the river consist entirely of irri­

gated agricultural or open pasture land. Irrigation laterals, roads, drainage

ditches and natural topographi c features were consi dered in estab li shi ng the

boundaries of each sub-basin. In order to simplify the determination of flow

paths through sub-basin I-S on the east side of the river, an assumption was

made that the irrigation laterals would have no impact on lengthening the flow

path used to compute the time of concentration (Tc) for this sub-basin. This

is a conservative assumption since it results in a shorter Tc which will cause

a higher peak discharge. Similarly, no consideration was given to the impact

that plowed furrows in ,a given field might have in causing water to move
"" ....
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across it at right angles rather than diagonally. This latter assumption can
also be supported by the possibility that any given field may not be plowed

for row crops when the design storm occurs.
The contribution of flow from the northeast corner of sub-basin I-S was

complicated by the elevated road surface near the intersection of 115th Avenue
and Van Buren Street. A weir type analysis was used at this intersection to

estab 1i sh a ratio whi ch was used to pro-rate the number of acres from sub­
basin S which would flow westerly and be contained within the project drainage

boundaries. The remainder of this area will flow southerly and be lost from
the local runoff accumulation behind the levee system. This analysis indi­
cated that 74% or 348.5 acres of sub-basin S would contribute to local runoff
along the levee.

The west side of the river consists primarily of residential, commercial,
and industri al 1and use wi th some pockets of open space. Exi sti ng roads and
drainage channels were used to establish sub-basin boundaries on this side of
the river. Si nce pl ans are presently bei ng prepared for industri al develop­

ment on porti ons of sub-basi ns A, B, C, and D, curve numbers representative
of these conditions were used in the hydrology analysis rather than curve num­
bers for the undeveloped condition that currently exists.
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III. HYDROLOGIC ANALYSIS

Unit hydrograph theory was used to develop runoff hydrographs at the con­

centrati on poi nts of each sub-basi n. The ses di mens i onl ess unit hydrograph

was used to develop a unit hydrograph for each sub-basin. The unit

hydrographs were then applied to a 2 hour thunderstorm rainfall distribution

at unit time interval s computed for each sub-basin. The unit time interval s

were computed in accordance with ses recommendations that they be approxima­

tely 0.133 x Tc but no greater than 0.25 x Tp (time to peak). A summary of

the hydrologic calculations is shown in Table 1. Plotted hydrographs are

included in the Appendix to this report.

The Tc values shown in Table 1 were computed with th~ Kirpich equation

shown at the bottom of the table. Judgement must be used in applying this

equation since it was developed from data from small, hilly agricultural areas

in Tennessee. Adj ustments for different topography and land uses are made by

applying a dimensionless "k II factor. Modern Sewer Design, published by the

American Iron and Steel Institute (First Edition 1980, page 68), lists adjust­

ment factors rangi ng from 0.2 for concrete channel s to 2.0 for overl and flow

on grassed surfaces~ For the prupose of thi s study, a "k II val ue of 1. 75 was

selected. for the flat agricultural fields on the east side of the river. A

"k" val ue of 1.0 to 1.5 was used for the residential, commercial, and indus­

trial sub-basins on the west side. The selected "k" val ues for each sub-basin

are listed in Table 1.

The land slopes used in the Tc calculations for the agricultural fields

were based on spot elevations taken from the 1"=400', 1981 topographic map

used for the conceptual report. Si nce these fi el ds have been level ed for

agricultural use, the USGS quadrangle map does not truly represent the flat,

terraced characteristics of these fields. Spot elevations were only available

for those fields immediatley adjacent to the east bank of the river. Slopes

in those fields further to the east were assumed to be comparable to those

along the river.

Land slopes for sub-basins on the west bank were based on elevation data

taken from the USGS 7.5 minute quadrangle map (Tolleson, Arizona, 1957, photo­

revised 1982).

ses curve numbers (eN) used to represent the runoff potential of each

sub-basin are also listed in Table 1. The selected values were based on
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4 Including 19 cfs diverted from sub-basin 1-3.

1 Point precipitation for a 10 year, 2 hour storm is 1.74". This value is
derived from NOAA Atlas 2, Volume VIII, Arizona.

-'

..... • t
_1.: "TABLE 1 '

(minutes)
(feet)
(%)
dimensionless

j I : t

SUMMARY OF HYDROLOGY CALCULATIONS---_ ...

2 hr. Thunders torml

D.A. TC Q10 Vol ume
Sub-Basin (mi. 2) (hr. ) CN (cfs) (ac-ft.) Comments2

A 0.10 0.40 80 44 2.19 K=1.0 for Tc

B 0.10 0.39 80 44 2.19 K=1.0 for Tc

C + D 0.20 0.55 81 84 4.80 K=1.0 for Te

E+(G-l)+(G-2) 0.174 0.75 76 37 2.69 K=1.43 for Tc
-

F 0.51 1.22 82 1283 13.06 K=I.5 for Tc

1-3 0.067 0.96 81 19 1.61 K=1.75 for Tc

J 0.12 1.10 81 31 2.88 K=1. 75 for Tc

K 0.19 1.20 81 46 4.56 K=1. 75 for Tc

L 0.05 0.67 81 . 18 1.20 K=1.75 for Tc

1-1, 1-2, H-l, 1.91 3.70 81 166 45.83 K=I.75 for Tc
H-2, N-1, 0, P, 1854
R, S

T 0.033 0.29 87 303 1.25 K=1.0 for Te

2 Tc=K(0.04593 L·77), Tc
L

S·385 S
K

r
factor for land 7e and cover

3 These peak discharge values were subsequently attenuated and translated and
then added to the runoff from sub-basin A in order to get a design discharge
for CP-l. See Table 3 for culvert design discharges.
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guidelines provided by _T_e_c_hn_i_c_a_l__R_e_l_e_as_e__N_o_.__5_5~,__U_r_b_a_n__H~y_d_ro_l_o~g~y__F_o_r__Sm__a_l_l

Watersheds, SCS, J~nu.ary .. 1975, Table .2-2, page 2-5. A copy of this table is

presented as Table 2 in this report. This table was used with Hydrologic Soil

Group B.

Even though the irrigated agricultural fields would be considered

II cul tivated 1and wi th conservati on treatment ll
, they were treated as bei ng

II without conservation treatment ll for the purpose of selecting a curve number.

This provides a higher curve number with more runoff potential and thus gives

a factor of safety to the hydrograph calculations for the complex drainage

patterns that exist in the fielps served by irrigation lateral s. Where more

than one land use exists in a given sub-basin, a composite curve number was

computed on the basis of an area weighted average.

The runoff volumes listed in Table 1 were computed by multiplying the

drainage area of each sub-basin by the amount of direct runoff. This calcula­

t i on was then checked by computi ng the area under each runoff hydrograph and

converting it to an equivalent volume. Agreement between the two computations

was obtained for all sUb-basins.

The ra i nfa11 di s tri buti on used for the hydrograph development was based

on NOAA recommendations for short duration storms. A plot of this distribu­

tion is illustrated in Figure 3. This. rainfall distribution has been applied

to actual precipitation data in Pima County and was found to produce synthetic

hydrographs which correlated well with measured hydrographs.

Accordingly, this distribution curve is considered to be more descriptive of

the short duration, high intensity thunderstorms occuring in Arizona than is

the standard SCS 2 hour distribution. The SCS curve presents a less severe

rainfall distribution which results in lower peak discharge values.

The preci pi tati on data used to dimensi on the rai nf~11 di stribution curve
)

was taken from the NOAA Atlas 2, Volume VIII, Arizona. Using this publica-

tion, the 10 year-2 hour point precipitation for t~e study area was 1.74".

No areal adjustment factor was applied to this value\ since the total drainage

area being analyzed was less than 10 square miles.
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11 "or .. .ere 4.tI.11e4 4ucrlptloa ot acrlcultura.l 1aA4 ~e C'\LTY' INUeft reter to
lat1OA.&1. hc1D..rl~ 1laA4l>oo1t. SedlO1l II. 1t.74z01oc:r. Chapter ~ • .l\J&. 1912.

!I Coo4 cOYer 11 p~.cte4 t'rc:. P'u1... &A4 .11tter. &A4 ,,,,,..'h cover '011.

11 C'.u-v. D\aber. a.re c0"'il~te4 u'u:U~ the runoff !roa the llou.oe u.4 dr1vcvq'
11 directed tow.,.cla the .trHt vtth .. aiD1a~ of roof vater d1rected to 1Awu
vbere a441t1ooa.l IDflltraUoa cCNl4 occur.

:,1 th. r-&11l1.... pemoua a.r~... (lan)· ..re coadclere4 to b' 1D 1004 putve eoocl1Uoe
tor the•• curT' Duaben•.

II- IIl.cae v.,--r cllaat.e. ot the CO\Ultry • CUT'Te Du.ber ot 9S ~ lie ve4.
1 ......

JmlIIOLOCIC SOIL CIlOUP
L.UD tISI IlESOUJ'TIOI - A • C Il

Cultlvat~4 1aDdl/ : vlthout cona~rratloD treataeDt 12 81 88 91

: vlth co~eTYatloa treataeDt 62 11 18 81

p... ture or r&D&e 1aD4: poor C0A41UOIl 68 19 86 89

,004 coD41Uoa 39 61 110 60

M.adeov: ,004 cOll41UOIl 30 58 11 18

Voo4 or 'ore.t laD4: thlA .taDd. poor coyer. IlO .-&ldl "5 60 11 83

,004 coyer!1 25 5S TO 11

Op.D Spa.cu. laVDa. pub. ,olf cow-wel. c-.t.rl••• .t~.

,004 c0ll41tloo:· ar.... cOYer OIl 15S or -en ot the .,... ~ 61 Til SO
f ..1r cOll41Uoo: 11'.... cover OIl soS to 15S of the u .. '" 69 19 ~

.
Ce-erc~a.l &A4 W.1Ae11 .,..... (85S. 1apeM'1CN1) a, 92 9" 95

IDduatr1a.l 41ltr1ctl (121 1apeTYICN1). 81 sa 91 93

1'.Ii4eDUa.l:11 .
.A"erace lot .1se A""race S blperr1__~1

11a acre or le.. 65 11 as 90 92

1/" I.Cr. 38 61

i/~
83 ItT

1/3 I.Cre )0 51 81 86

1/2 I.Cr. 2S S" TO 80 8S
1 acr. 20 51 68 19 810

et.c.!1
-

Paved p4rk1~ lot•• roote. 4r1" ....~•• 98 98 98 98

Street. &D4 roa4l:

i>6"e.s vlth curb. a.D4 .tors ;rwenll 98 98 98 98

P'a".l 16 8S &9 91.- . .-
un n sa ar a,

TABLE 2

RUNOFF CURVE NUf.lBERS FOR SELECTED AGRICULTURAL. SUbURBAN. AND URBAN LMm USE
(Antecendent moisture condition iI. and Ia =0.2S)
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IV. LOCATION AND DESIGN OF LOCAL DRAINAGE OUTLETS· ..

Once runoff hydrographs had been developed for each sub-basin, the local

drainage outlets through the levee embankment were designed to pass the peak

discharge from the hydrographs. Except for sub-basins F and T, all hydrograph

concentration points are located along the landside slope of the levee. An

outlet culvert was al so provided at CP-6a to allow an existing irrigation

lateral to have continued access to the river for disposal of excess irriga­

tion water. Another small culvert (18 11
) was provided at CP-la to alleviate

ponding in a small depression located on the west side of the river between

the SPRR and Buckeye Road.

A decision was made to route the runoff from sub-basin 1-3 to CP-9 rather

than providing an additional concentration point at the southern boundary of

sub-basin 1-3. The southern portion of basin 1-3 encompasses a scoured area

of the riverbank that will be filled as part of the proposed

1evee/channel i zation project. Rather than construct an earth berm along the

southern boundary of 1-3 to contain runoff within this filled portion of the

sub-basin, it was decided to grade a small swale along the landside( toe of the

levee in order to allow runoff from 1-3 to reach CP-9. Consequently, a con­

servative assumption was made to size the culvert at CP-9 to pass the sum of

the peak discharges from sub-basins 1-3 and I-S.

According to information provided by the City of Avondale, sub-basins F

and T are drained by an underground storm sewer system. Unfortunately, infor­

mation on the design capacity of this system was not available. The sewer

pipe outlets for these sub-basins were located on the east side of Dysart Road

along an extension of Western Avenue. At this location, the discharge from

these pipes empties into a drainage ditch which conveys the water to the Aqua

Fria River. Since no design information was available on the storm sewer

system, an analysis was required to provide an estimate of the amount of

runoff from sub-basins F and T that would exit the system and combine with

runoff from sub-basin A. To provide this information, a runoff hydrograph was

developed individually for both sub-basins F and T (unit hydrograph procedures

were used as described previously) using the assumption of overland flow. The

capacities of the storm sewer outlets were then estimated under the assumption

that·they were flowing full with a velocity of approximately 6 fps, which is

'.r
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about mid-way between the 3 fps and 10 fps minimum and maximum limits recom-

~ mended for storm sewer systems in Water Supply and Waste Disposal (Hardenbergh

and Rodie, 1961). Based on these assumptions, the peak sewer capacity for

sUb-basin F was estimated at 97.5 cfs while that for sub-basin Twas 3 cfs.

Usi ng the estimated sewer capaci ty cal cul ations, the runoff hydrographs

from each sub-basin were attenuated at the peak discharge value calculated for

the storm sewer systems. These "c1i pped" hydrographs, which were positioned

re1 ative to the beginni ng of the storm, were then added together to get a

s i ng1 e combi ned, attenuated hydrograph representative of the total di scharge

from the 2 storm sewer systems (F+T). This hydrograph is representative of

what an observer wou1 d see if he were posi ti oned at the out1 et of the storm

sewer system. The hydrograph attenuation/combination process is graphically

illustrated in Figure 4. 1/

It should be noted that the areas under each of the individual runoff

hydrographs were preserved during the atten·uation process by \visua11 Y
extending the recession limb of the attenuated hydrographs to provide an

increase in area equivalent to that which was "clipped" from the peak.

Once the hydrograph from the storm sewer system had been developed, ite had to be routed through the open drai nage di tch and combi ned wi th the runoff

hydrograph from sub-basi~ A. Using Mannings Equation with a peak discharge of

104 cfs, an assumed slope of 0.004 ft./ft., and a cross section considered

typical of the drainage ditch, a velocity of 3.38 fps was computed for use in

determining the travel time from the sewer outlet to the concentration point

of sub-basi n A. The storm sewer hydrograph was then trans1 ated thi s amount

(0.16 hours) and added to the hydrograph for sub-basin A to determine the peak

discharge for use in sizing the drainage outlet at CP-l (see Figure 5).

The assumption used in selecting the design discharges for sub-basin I-S

and the drainage outlet between Buckeye Road and the Southern Pacific RR

(SPRR) required an analysis of 3 existing culverts. The reader is referred to

Figure 6 for a plan view of the system under discussion. Although sub-basin

1-5 has an existing southern outlet through a 3112 1 x 6 1 box at culvert #1, a

backwater condi ti on suffi ci ently severe to blod any appreci ab le southerly

flow at culvert #1 was assumed.' Under this assumption, all the runoff from
">:,,. • - , •

'·sub-basin I-S (166 cfs) must be brought through the levee at CP-9, located

north of the railroad.

e··.'··~·
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Culvert #2 was next analyzed as a control point in estimating the amount

of water bei ng . conveyed to cu1 vert #3 vi a the open channel between the SPRR

and the raised road embankment to the north. Assuming inlet control at

culvert #2, the maximum discharge was estimated to be 42 cfs. This val ue was

then compared to the capacity at culvert #3 which was- found to be 85 cfs.

Since culvert #3 has a greater capacity then culvert #2, there should be no

appreciable reverse flow through culvert #1 which would add to the runoff

being handled by the proposed outlet for sub-basin I-S (CP-9).

The outlet (CP-I0) for the runoff being discharged through cu1vert#3 was sized

on the assumpti on that the maximum di scharge through cu1 vert #3 was 85 cfs.

This assumption was based on an inlet control calculation with a maximum

available headwater depth of 5.17 feet. Any additional runoff that may enter

the channel between the SPRR and Buckeye Road west of culvert #3 would merely

pond in the depression between the railroad and highway. The extra head pro­

vi ded by thi s additional runoff wou1 d serve to increase the di scharge through

the 1evee out1 et. As a resu1 t, the proposed drai nage out1 et between the

rail road and highway was designed for 85 cfs on the assumption of a headwater

depth of 4.94 feet. Shou1 d water pond to the top of the levee at thi s poi nt,

a headwater depth of 13.36 feet would exist which would produce a culvert

discharge of 175 cfs. Beyond this depth the levee crest would be overtopped

but not the railroad or highway since they are both higher than the levee

crest at this location.

The design of the local drainage culverts at each CP were based on inlet

control. The inlets were designed so that the headwater depths required to

pass the peak di scharge wou1 d not pond water hi gher than the el evation of the

IOO-year water surface profile for existing conditions on the Aqua Fria River.

In order to meet this criteria, drop inlets were required at CP-l, 2, 3, 4,

and 7. Depending upon specific conditions at each location, the invert of the

culvert outlets were set at 1 to 4 feet above the channel bed of the river.

The cul vert capaciti es were determi ned usi ng a nomograph for concrete

pipe culverts from Hydraulic Engineering Circular No.5, Bureau of Public

Roads. An investigation was made to determine the impact that flap gates have

on reducing the capacity of pipe culverts. Research conducted by the

Hydrau1 ic Laboratory of Iowa State University indicates that the head loss

through fl ap gates is so small that it has 1i ttl e effect on the di scharge

I

II
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capacity of drainage outlets. A small allowance was made for this additionalhead loss by sizing the culvert capacities for a "projecting groove end"­rather than a "groove end wi th headwall" which is more representative ofactual design conditions.
Because of anti ci pated install ati on problems resul ti.ng from warped 1eveeslopes near the bri dges, fl ap gates were not proposed for the outl ets ofculverts at CP-la and CP-10. Reverse flow at these locations will only pondwater between the SPRR and Buckeye Road embankments. These ponding areas arevery small and should not create any problems at these locations. A summaryof the recommended culvert sizes for each CP is shown in Table 3.In summary, the assumptions used in the hydrologic analysis and drainageoutlet design are considered conservative. No consideration was given to thepossible detention capacity that many of the bermed, agricultural fields mayprovide for rainfall runoff. Inlet control was also assumed for the analysisof the three culverts upstream of CP-10 (Figure 6). Again, this is conser­vative since a tailwater will probably be present downstream of the 3 culvertswhich would reduce the discharge from that obtained assuming inlet control.R-l/R634
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SUMMARY OF RECOMMENDED CULVERT SIZES FOR PASSING LOCAL DRAINAGE THROUGH LEVEE

Concentration Contri but i ng Design Culvert Inlet Headwater Water Surface of 100-Year Flood On
Point Sub-Basins Q Size E1evat ion @ QP Aqua Fria River, Existing Conditions

(cfs) (inches) (feet, MSL) (feet, MSL)

CP 1 A, F, T 119 48 961.38 962.33

CP 1a Sm. Depressec 15 18 959.49 961.48
Area between
SPRR & Buck-
eye Road

CP 2 B 44 36 964.33 965.24

CP 3 C, D 84 42 967.90 970.48

CP 4 E, G-1, G-2 37 36 972.94 973.83

CP 5 L 18 24 974.60 975.61

CP 6 K - 46 36 973.42 973.75

CP 6a Irrigation 18.5 24 970.18 973.70
Lateral

CP 7 J 31 36 967.88 971.83

CP 9 H-1 H-2 185 (3)36 960.10 962.33, ' ...
-, 1-1, 1-2,I-..J

N-1, 0, P,
R, _S

CP 10 Drainage 85 42 960.75 961.48
Di tch Along
SPRR From
115th Ave.
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Clinton M. Glass, P.E.

Karl E. Kienow, P.E.

James K. Larrington, P.E.

Bayard T. Stevenson III, P.E.

November 7, 1984

__ sla _

• SiMONS, Li & AssociATES, INC.
120 WEST BROADWAY
SUITE 170
PO. BOX2712
TUCSON, ARIZONA 85702
TELEPHONE (602) 884-9594

Mr. Richard Perreault
Flood Control District of Maricopa County
3335 W. Durango
Phoenix, Arizona 85009

RE: Agua Fria River Channelization Side Drainage Analysis

Dear Mr. Perreault:

Enclosed herewith are two copies of our analysis of require­
ments for providing drainage through the proposed levee system
being designed as part of the channelization of the Agua Fria
River between Interstate 10 and McDowell Road, and Thomas Road to
Camelback Road. Our analysis looked at both the 100-year peak
discharges anticipated from the present, undeveloped watersheds
and the minimum provisions required to insure a backwater/ponding
situation from these watersheds which would be no worse than the
flood elevations which could have been anticipated from the stan­
dard project flood on the unimproved system through the aforemen­
tioned reaches.

, ,
I

Should you require additional information or have any
questions regarding this 'subject, please contact either myself or
Michael Zeller.

Please review this material in order that a decision may be
made regarding the design parameter to be utilized in providing
for drainage through the levee system.

fLOOD CONTROL DiSTRICT
RECEIVED

Very truly yours,

CMARI\S k~

R24/R576CL /
Phoenix, All • Ne~port Beach, CA • Colorado Springs, CO • Denver, CO

Fort Collins. CO • Cheyenne. WY

CH ENG HYDRO

\ l

r::'J 0'3 '84

ASST LMgt

ADMIN SUSP Services
c & 0 :3 FILE

I ENGR DESTROY

FINANCE 1 ",-;

JBL :ec

Enclosure



;.

SIDE DRAINAGE RECOMMENDATIONS FOR

THE AGUA FRIA CHANNELIZATION

The following summary report discusses the results of the

hydrologic investigation performed to determine the design of

overbank drainage measures recommended for incorporation into the

Agua Fria River Channelization Project between Camelback Road and

Thomas Road, and between McDowell Road and 1-10.

Figure 1, on page 5, shows the delineation of the drainage

areas and concentration points of overbank flows entering the

Agua Fria within the study sections (see Figure 2, on page 6, for

complete delineation of areas concentrating at Points 3 and 7).

Culvert installations are recommended at each concentration point

shown except number 7. Table 1, on page 7, lists the 100-year

peak (i.e., the design flow rate) and recommended culvert type

and size for each location.

The rational method was used, as shown on the attached

calculation sheets, to determine the peak flow rates in Table 1.

U.S.G.S. (7.5 min.) quad sheets were used to determine the

drainage areas shown on Figure 1. No attempt was made to account

for irr igation water in determining the peak-flow rates.' The

following conditions were assumed 1n determining the drainage

areas, concentration points, and design flow rates:

1. The existing land usage (i.e., predominantly agri­

cultural) was assumed 1n determining the hydrologic

parameters used in the rational method per the request

of the Maricopa County Flood Control District.

2. The western boundary of the drainage areas con­

centrating at Points 1 and 2 reflect the existence of a

large drainage ditch which acts to drain upstream

runoff to the south into the RID Canal.

3 . In delineating

Points 3 and 7,

the drainage areas concentrating at

it was assumed that the Grand Canal
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acts as a drainage control feature diverting upstream

runoff to the west along the Bethany Home Road align­

ment. It is uncertain, however, as to what extent the

Grand Canal will act in this capacity. If overtopping

of this canal occurs, it will result in significantly

higher peak flows at Points 3 and 7 than those shown in

Table 1.

4. With the exception of Items 2 and 3 above, it was

assumed that irr igation canals and ditches wi thin the

var ious drainage areas, including the RID Canal where

it crosses the area draining to Point 7, do not act to

divert runoff during the lOa-year event.

5. The drainage

installation

along Indian

River.

area concentrating at Point 3 assumes the

of the floodwall proposed for construction

School Road adjacent to the Agua Fria

6. Concentration Points 2 and 3 assume that the proposed

RID siphon design will create a levee condition where

the elevated flume presently exists.

7. The culvert installation at Point 4 assumes the excava­

tion ofra channel extending approximately SOD feet to

h vi''>. . . d .t e~ to 1ntercept an eX1st1ng ra1nageway.

8. The drainage areas concentrating at Point 6 and 7

assume the installation of the culverts proposed for

Points 4 and 5, respectively.

Additionally, it should be noted that there is no culvert

recommendation for Concentration Point 7. Current plans for the

proposed McDowell Road Br idge over the Agua Fr ia Ri ver, being
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prepared by Dibble & Associates, call for a culvert installation

along the east approach embankment to drain the flows con­

centrating at Point 7. These flows would then discharge into the

planned siltation basin at the outlet of the I-10 collector chan­

nel. Due to the uncertain effects of such an additional

discharge on the operation of the siltation basin, along with the

potentially high cost of integrating the McDowell Road culvert

installation into the siltation basin design, it is recommended

that the culvert installation be relocated to drain directly into

the Agua Fria River on the north side of the approach embankment.

It is also recommended that this culvert be des igned to accom­

modate the discharge shown in Table 1.

The following conditions were assumed in arriving at the

recommendations shown in Table 1:

1. It was assumed, for design purposes, that all

drainage culvert installations would operate

inlet control.

side­

under

2. Flap gates are only available on a stock-item basis for

circular culverts of 48-inch diameter and smaller. It

was assumed that flap gates are required at all

installations; therefore, no circular culverts larger

than 48 inches are being recommended.

3. It was assumed, for purposes of culvert sizing, that

uniformity in dimensions would result in reduced costs

associated with specialized fabrication of flap gates

for box culvert installations that would be needed to

accommodate a 100-year flood.

4. It was assumed that inundation of land due to ponding

of water at culvert inlets would be kept to a minimum.

However, recommendations in Table 1 do allow for some



4

local inundation at most locations due to the magnitude

of the design flow rates when compared with the limited

headwater available.

5. Final design of these culvert installations shall

require grading, diking, and channelization work at all

locations.

R24/R576



TABLE 1

SUMMARY OF RECOMMENDATIONS FOR
OVERBANK DRAINAGE ON THE AGUA FRIA

BETWEEN CAMELBACK ROAD AND THOMAS ROAD, AND
BETWEEN MCDOWELL ROAD AND 1-10

Location No. Location within Design Culvert
*(See Fig. 1 ) Agua Fria Discharge Recommendation

Channelization for Q100
(cfs)

1 North of Indian 383 2 CBC's
School Road, West
Bank

2 North of Proposed 292 2 CBe's
RID Siphon, West
Bank

3 North of Proposed 1194 5 CBC's
RID Siphon, ~ Bank

etltsr

4 North of Thomas Road, 211 3 RCP's
West Bank or 2 CBC's

5 North of Thomas Road, 243 3 RCP's
East Bank or 2 CBC's

6 Approximately 1200 715 3 CBC's
feet North of 1-10,
West Bank

7 North of McDowell 942 See Text
Road, East Bank

* All CBC's are 8'x4'
All RCP's are 48"
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ARIZONA HIGHWA Y DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

RA TIONAL METHOD

LOCATION DATA

Highwa y C ounty _

Location----------------------------
P roj e c t No. Sta ti on_-:-:- _

DI::Am 8 sf 5b1 gaIn /' - :?~, - . ~ ..#
~N( E >JrR(>"r'~H .I.~'-' !L..

DESIGN DATA

Design Frequency

Drainage A rea

Drainage Length

___...:..'...:;~~0~ yea r s

__--l1-.:1:....1I'=:..:....• ....:, ac re 5

Elevation
Top of Drainage A rea

A t Structure

Drainage A rea Slope O.S

Precipitation

P = 6-hour

P = 24-hour

.J. /~

3. ,~

Tc

i

Precipitation Pi = i-hour

-36-

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Peak Discharge Qp =CiA =

Weighted Runoff Coefficient

DESIGN COMPUTA TIONS

Computed by .:r M W Date 10- I':> - ~ '-(

---------------- ----------------,



ARIZONA HIGHWA Y DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

RA TIONAL METHOD

LOCA TION DA TA

Highwa y C ounty _

Location----------------------------
Project No. Station~·----------

Naffle of Sheanl ~Nc...E..-.Jrrz..Arl-.=>N P<..:J'NI rr-z...

DESIGN DATA

Design Frequency

Drainage A rea

Drainage Length

;'0'-' years / .....

Al I crS-. I acres

A2 acres

A 3
acres

-Zg~...:J feet

Elevation
Top of Drainage A rea

A t Structure

Drainage A rea Slope ~, 7~ utn___---:..-=-->=---- Il

Precipitation

P = 6-hour

P = 24-hour

inche s
----------

inche s
----------

DESIGN COMPUTA TIONS

Precipitation Pi = l-hour

TiITle of Concentration
~

Tc

/. ~

./, ~; ~ .."

.5. /e>i

Runoff Coefficient

Rainfall Intensity

Weighted Runoff Coefficient

. ..-

Peak Discharge QPt= CiA =

C oITlpute d by S~M_-..,J Da te__----:..'_o__....:'_-o_-_~_4 _

-36-
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ARIZONA HIGHWAY DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

RA TIONAL METHOD

LOCA TION DA TA

-High~ay
County

------------------ ----------
Location----------------------------
P r oj e c t No. Sta ti on

~ "----------
NauiC of Sh PFA. ('<? .... c.~ ...... 1"(U>.."\"",...;;)~ ¥""'1-.1't'" "3

DESIGN DATA

.~

Design Frequency

Drainage A rea

Drainage Length

Elevation
'rop of Drainage A rea

A t Structure

Drainage A rea Slope

Precipitation

P = 6-hour

P = 24-hour

DESIGN COMPUTA TIONS

Precipitation Pi = i-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

if
Tc

i

___I:....-u_u year S

__"3..::...:..6....:S-~7~.:..::::-=-- ac re s

___0.:-,'_3~/ %

inches
----------

o. ;{"I

o. c. <f

o. t if

Peak Discharge Op = CiA =

Compute d by .:::r~M__W Da te__1_u_-_I_I_-_\'_l-{ _

-36-
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ARIZONA HIGHWA Y DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET

RA TIONAL METHOD

LOCATION DATA

Highwa y C ounty _

Location--::--------------------------
P roj e ct No. ,Station _

Name of Strc afti ~ ...... c-It.r-J., R--A"""J=' ?." ..... '< ~ L\

DESIGN DATA

/ uo..;) feet

9 '1<.- feet

c,J. 'l- 5 U;c

:? /s inche s

3 . ~ J inc he's

\ =-= years

Ai acres

AZ I 1\. I acres

A 3
acres

3'?....;>..:J feet
Drainage Length

Design Frequency

Drainage A rea

Precipitation

P = 6-hour

P = 24-hour

Elevation

Top of Drainage A rea

A t Structure

Drainage A rea Slope-(
DESIGN COMPUTA TIONS

~/

Precipitation Pi = i-hour

Time of Concentration
~

Tc

inches
----------

ITlinutes
----------

Rainfall Intensity i

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp = CiA = ?- I /

Compute d by =T_M_ W Da te ' Q_-_,_v__-_t5_L{ _
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ARIZONA HIGHWA Y DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

RA TIONAL METHOD

LOCATION DATA

Highwa y C ounty _

Location----------------------------
Project No. Station

---------------_. ~---------

·N30ms of StFsam G,-. (. ............ '\ (LA ........ , ~~ f ~ -;- r-I '" '*- 5S"

DESIGN DATA

Design Frequency

Drainage A rea

Drainage Length (L"I

I u-.::> years

Ai ::1o"-6.~ acres

A2 acres

A 3
acres

~ 1..=~ feet

•(
Elevation

Top of Drainage A rea

A t Structure

Drainage A rea Slope (So) ___o:::.....:..,-=.3:.....3=-- o/c

Precipitation

P = 6-hour

P = 24-hour

DESIGN COMPUTA TIONS

Precipitation Pi = i-hour

Tim.e of Concentration
~

Tc

Rainfall Intensity i

-36-

Runoff Coefficient

Peak Discharge Op =CiA =

Weighted Runoff Coefficient

C om.pute d by__-:::0....:-.;.M~W~---------_Da te__r_~_:....10__-_4_'-( _



, ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

LOCA TION DA TA

Highway County------------------ ----------
Location--------------------------------
Project No. Station----------------- --:-----------
N .. =e of Stre;lm ~~<..€....... "t" '0-",,-: ,~~ \-'_,_~ ::1'"

DESIGN DATA

De sign Frequency
Drainage A rea

Drainage Length

Elevation
Top of Drainage A rea
A t Structure

Drainage A rea Slope

Precipitation
P = 6-hour
P = 24-hour

DESIGN COMPUTATIONS

Precipitation P l = l-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp = CiA =

t
Tc

i

___....:.I_O_u year s

__----",~o~~-'.3=.......:..._::3=--__a ere s

___C?_·~,.:::3=_7..:..- o/c

inches----------
/73

/.0 C

o. ~ <;

Computed by ..:r_M......:....W Date__.:....\O=------.:I....::O::::.....=--...;.¥:......:I..(:-..- _
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ARIZONA HIGHWA Y DEPARTMENT

BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET

RA TIONAL METHOD

LOCATION DATA

Highwa y C ounty _

Location-:-:-------------------------
P roj e ct No. Station _

-1'~arneQfStrearn <:.-2 ..... c..C ...... ,lLp..,\~ y.=."...d .,tI.,

DESIGN DATA

Design Frequency

Drainage A rea

Drainage Length

~-,

Elevation
Top of Drainage A rea

A t Structure

Drainage A rea Slope __---.::CJ:....;.:...-..;"S::......;./ o/c

Precipitation

P = 6-hour

P = 24-hour

DESIGN COMPUTA TrONS

Precipitation PI = I-hour

Time of Concentration
1C

Tc

Rainfall Intensity i o. 'f /

cfs
----------

-36-

Runoff Coefficient

Peak Discharge Op = CiA =

Weighted Run~ff Coefficient

Computed by .:::f_""'-...:..W...:....- Da te I_o_-_'_~_-_-_3_t{ _
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ADDENDUM to "HYDROLOGIC DESIGN FOR
HIGHWAY DRAINAGE IN ARIZONA II April 197 5

Steps to be used to detennine precipitation values for various dura­
tions and return periods.

STEP 1. From the precipitation maps in the manual lIHydrologic
Design for Highway Drainage in Arizona ll

, determine the precipi­
tation values for the 6 and 24 hour duration storms for return
periods of 2, 5, la, 25, 50 and 100 years. Tabulate these values
in Table 1 in the column headed 'Map Values'

TABLE 1

Return Period Precipitation Values (inches)
(Years) 6 hour duration 24 hour duration

Map Corrected Map Corrected
Value Value Value Value

2 / . -z.... /. 'Z /. 4.( /. y/

5 /.7 /.- 7 2. <.,.) /, 9~

10 "2. v 2. ..;J 2.7 Z,73

25 2.Y' 2-.'-/ '2. J Z. 7 J'

50 2. ~ 2-. i :1. -z.., J, ~/

100 '1,0 'J./S 3. is 3.<'03

NOTE: There is a possibility of making an error while reading the
maps because, (1) a site is not easy to locate precisely on a series
of 12 maps, (2) there may be some slight registration differences
in printing, and (3') precise interpolation between isolines is diffi­
cult. In order to minimize any errors in reading the maps, these
values should be plotted on the diagram II Precipitation Depth versus
Return Period" Fig. 1.

- 1-
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Figure 2- 2 (revised 4-75)
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ALTERNATIVE SIDE DRAINAGE RECOMMENDATIONS FOR

THE AGUA FRIA CHANNELIZATION

The following alternatives in addressing side-drainage

culvert recommendations for the Agua Fria Channelization that

consider other than the IOO-yeardesign were investigated at the

request of the Maricopa County Flood Control District.

These recommendations are alternatives to the 'IOO-year

design recommendations contained in the summary report entitled

"Side Drainage Recommendations for the Agua Fria Channelization"

to which this report is attached.

These alternative recommendations are based on a design cri­

ter ia stipulated by the Mar icopa County Flood Control Distr ict

whereby the culvert design shall be for a IO-year return interval

flow such that the headwater elevations required to accommodate

the design flow shall not exceed the water-surface elevations

corresponding to the Standard Project Flood on the Agua Fria

River under existing conditions at the same point.

Table IA on the following page lists the culvert recommen­

dations based on the above design criteria, along with the design

flow rate and approximate headwater elevation. The culvert loca­

tions are the same as those found in Table I of the IOO-year

design summary report. The derivation of the IO-year peak flows

shown in Table I were based on the same methodology and assump­

tions listed in the IOO-year design summary. Calculation sheets

are attached.

It should be noted that no recommendations are made for Con­

centration Points 2 and 3. At these locations, the limiting

headwater elevations, as defined by the above design criteria, is

above the elevation of the top of the proposed levee on the Agua

Fria at this point, but below the elevation of the top of the

bermed canal proposed to replace the RID flume at this same loca­

tion point (see IOO-year design summary report). This indicates

that the maximum headwater elevation at these locations cannot

tt exceed the limiting headwater regardless of the design flow rate.



2

above-noted levee and canal lS

the gravel pits located on the

or into the gravel pits on the

way of conduits which pass under

..
j

Any water impounded behind the

expected to drain either into

north side of the above canal,

south side of the above canal by

the canal at either location.

The culverts proposed for Concentration Points 4 and 5

require headwater elevations considerably lower than the limiting

headwater as defined In the design criteria. Preliminary

investigation of these two sites indicates that the cost asso­

ciated with construction of the extensive spur dikes which would

be required to accommodate a higher headwater elevation due to

the flat terrain would outweigh the benefits realized from the

installation of fewer or smaller culverts. The culvert proposals

shown for these two sites, however, will require some diking and

channelization work regardless of the culvert design. The

installation at Concentration Point 4 will still require the

excavation of a SaO-foot drainageway, as described in the

lOa-year design summary report.

The recommendation for Concentration Point 7 remains

unchanged from the one given in the lOa-year design summary

report with the exception of the change in the design flow rate

and the design headwater elevation.

Finally, it is recommended that at each location in Table

lA, an 80-foot plus or minus section of the Agua Fria chan­

nelization levee be constructed with an 8-inch to 12-inch facing

of gunite rather than the 9-foot soil-cement facing. Soil cement

would, however, be utilized in the toe area of this 80-foot plus

or minus section to approximately the river flow li ne. The

gunite would be keyed into the soil cement on the sides and bot­

tom. Such a section could be easily removed at a minimum

expense, should improvement to the side drainage installations be

deemed necessary at a later date. This recommendation also

applies to Points 2 and 3, where no cui vert is recommended in

Table lAo



TABLE lA

SUMMARY OF ALTERNATIVE RECOMMENDATIONS FOR
OVERBANK DRAINAGE ON THE AGUA FRIA

*Location 10-Year Culvert Approximate Approximate
Number Discharge Recommendation Headwater SPF WSEL on

(cfs) Elevation Agua Fria Riv.
at Culvert Under Existing
for 10-Year Conditions

Discharge

1 149 1, 42" RCP 1013.5 1 1019.14'

2 114 See Text

3 468 See Text

4 86 2, 36" RCP's 995.24' 1002.28'

5 90 2, 36" RCP's 995.36' 1002.28'

6 265 3, 42 " RCP's 982.25' 984.13'

7 388 See Text

*See Figure 1 of 100-Year Design Summary Report.
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ARIZONA HIGHWA Y DEPARTMENT

Ie
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

LOCATION DATA

Highway County
Location
Project No. Station
NaITle of StreaITl e-. ? 1l. \

DESIGN DATA

Design Frequency \0 years

Drainage A rea Al \3~ ./ acres

A2 acres
A 3 acres

Drainage Length :>-e;>....>....:J feet

Elevation
Top of Drainage Area \ -. '- """- feet

A t Structure \ -0 ~ ~ feet,
Drainage A rea Slope o. :;:- o/r:

'-..

~
Precipitation

P = 6-hour z..,.J.j inche s

P = 24-hour 2,;.'3 inche s

DESIGN COMPUTA TIONS

~
Precipitation PI = l-hour I. C-..::> inche s

TiITle of Concentration Tc <....C\ ITlinutes

Rainfall Intensity i L .'5 0 inche s /hour

Runoff Coefficient C 1 0,'-1"3

C 2
C 3

Weighted Runoff Coefficient C O.LO

Peak Discharge Qp = CiA = I \..j C\ cfs

~
COITlputed by Date

-36-



ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

LOCATION DATA

Highwa y C ounty _

Location----------------------------P roj e ct No. Station _

Name of Stream-----=-.:---_------------------
DESIGN DATA

Design Frequency
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