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SUMMARY

On January 2, 1980 the engineering‘firm of W. S.

'Gookln & Assoc1ates was employed by the State Land Depart-

ment to investigate and evaluate a drainage channel (El

Mirage Channel) which had been constructed in Township 4 -
North, Range 1 East on the east side of Sun City West.

The purpose of the investigation was to determine

--the reasons for- the size of the El Mirage Channel, its-- R

impact and potential damage to State lands, and to suggest
engineefing solutions to ameliorate any potential adverse
effects of this Channelp

Based‘upon ﬁhe field ahd office investigations of
W. 8. Gookin & Associates the following conolusions were
made: | | |

_l. Ba51c correspondence indicates that the El
Mirageée Channel was "allegedly dcolgned to handle the Stan~
dard Project Flood outflow from the McMicken Outflow Struc-
ture and the 100~-year flood from unregulated»tributary
drainage. Due to setflement problems, the McMicken Dam
has been temporarily lowered in reeches. It‘is assumed
the McMicken Dam will soon be restored. 1If ehe McMieken
Dam breeches, the sudden release of water from the Trilby
Wash‘Detention Besin'WOUld“haQe e seriousrimpact on Sun'.
Clty West but most of the flow resulting from such a failure
would not reach the channel under investigation. 7

2. The El Mirage Channel as designed does provide

marginally adequate capacity to handle a 100-year storm as-—

suming no’erosion; The channel does not, however, have




=t me s mm G me'mm d om mh n An En Gom EmO Em mf mm A

Y

‘adequate freeboard in all cases'nor is it capable of handling

any flows sighificantly gfeater_than a lOO—year,sﬁdrm.
3. The channel as designed does not provide ade-

quate protection against flows entering the channel from the

sides. Such flows result in severe erosion in the unpro- S

_tected earthen banks.

4, The velocities of the water thét.wil{sbe ex-
perienced during a lOO—year‘flqod w;ll be-mdcﬁ h;gher than
the earthen banké will be capéble of handling. Thé'cehenta-
tion that was counted on to protect'the channel 1is, according
to the soil tests and visual inspection virtuaily nonexistént.
The erosion that has already occurred from side drainage is én
indication of the inadequacies of the channel" to suétain the
flood flows. |

5. Flood flows wili peak aﬁ a slightly léWer level -
than had been anticipated, however, the high velocity flows
will continue for a long duration.

6. The channel cannot be expected to remain in its

‘existing location. The situation has been changed from its

natural state under which where the lands of Sun City West
wouid have been flooded to a condition where the State lands
have the high risk of flooding.
| 7. As a result of the large'amounté of erosion that

will pfobably occur, the channél will change course and probably
erode State Land Department lands.

8. The solution to the pfoblem wili involQevlining
the canal system. There are several design alternatives in
the lining that should be éxamined‘before a final remedial

design is made.
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AUTHORITY.

Under date of January 2, 1980, W; S; Gookin;& Aésbdi_
ates entered inéo a contract with the Arizona State Land Debaft—‘
ment designated as A. G. Contract #OOlZ:SLD No. 1-80. The;contract
provided for: (l)’ An investigation and evaluation of a drainage

channel, which had been constructed in Sections 25 and 36 of

ToWnship 4Nland'RangeflE;'(2) An assessment of the impact of said

drainage channel; (3) A determination as to whether said channel.
had created incurable damage to the potential use of State lands,
by reason of increased flooding; (4) A determination as to whether

the exiéting channel has impaired the State Land Department's

-ability to use the land for commercial and residential pur—

- poses; (5)Suggestions as to reasonable engineering options to

cure the adverse effects of this channel, if in fact the channel
were found to have adverse effects:; and (6) A determination of

the reasons, if any, for the size and the drainage channel as

constructed.




' CLIMATE -

The climate Qf the area is characterized by shortimild
winters and long hot Sumhers.- The aVerage.annual predipitation
totals about 8 inches. Although rain-may fall at any’time’during

the year; fbi the most part this precipitétion falls in two-

‘periods, i.e. the summer season of July, August, and September

and the winter season which eXténds from December through March.

Typically, about 45% of the precipitationv0ccurs'
du;ing the winte; season, ébout‘BS% during.the summer season with
the remaindér‘being.scatterea throughout the year.
‘Winter preéipitatipn is generally characterized by
‘V;gentlé storms that ﬁ§vé into Arizoﬁa.frbﬁ-£he north and Qést. R
ThéAwiﬁter'storms generally extend over wide areas of the Staté.
However, oacasionally, and particularly during wet winters,ﬂstorms_v
~ enterx the area from tﬁe south and west. The wintef storm char-
acteristically coversa wide area'and compared to the summer storms
are of long dﬁration. Not inffequently, a series of wiﬁter'stoims
will follow one another a few days apart. It is this type of
étormvfh;t'éadses the major floods that have tavééed'soﬁthern
Arizoﬁa, paiticuiafly élbng tbe Sait Rivér and its méjor tribu;
-téries during the wintérs of 1978, 1979, and 1980;
Most 6f the summer rainsvfall_in evening thunderstofméi
that are causéd by the flow of moist air from the Gulf~of:Mexico;
-This mqistvéifirisésias,it éhcoﬁnters_thé méuntains_and COndeﬁéés

into rain which_falls as precipitation upohvthe area. The summer

2




storms are of short duration and relatively small areal extent.
These storms sometimes occur with great intensity and cause
locaiizéd.flood problems as opposed to flood flows over wide : h

spread areas.
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LOCATION

‘Sun City West is located in Maricopa County, Arizona
about 20 miles northwest Qf Phoenix, west of the Agua Fria River .

and north of the Salt River. Bell Rcad forms the southern

~boundary of Sun City West. Current plans call for development of

‘housing in. Townships 3_and'4 North, Ranges 1 and 2 West Gila

énd Salﬁ RiQer Baéé“and Meridiaﬁ.
 Sun City West is designed as a éepérate community but
is‘essentiailv a westerly extension of a spectacﬁlarly suécessfg}
rétirement community known as Sun City. Sun City lies east of
Agua Fria River.
Sun>city West iies north-of,Lﬁke:Air'Fofce Base, one
of the largest military Air Force bases in the country.

The channel to be investigated under the terms of the

-contract previously mentioned has been excavated along the

‘eastern edge of sun City West.

Although field surveys were beyond the scope of this

contract, it appears from an examination of the aerial photo-

graphy that some portions of the channel in question lie outside
of the ‘right-of-wayv granted by the Arizona State Land Department
to the Maricopa County Flood Control District under Right-of-Way

Permit No. 18-1368. For example, the‘exéavated channel appeérs

to straddle line which separates Section 24 and Section 23.




_iACCO:ding to the map made a&ailable to this_ﬁffice by
‘the Arizona State Laﬁd Department,'designatedkaS'Sheetv#3; of
‘,Couﬁty #7;vwith ownership of Bu;eauvof Lahdvﬁaﬁagement,‘lands R
indicatéd as of June.25, 1979, énd ownefship of Stafe lands

indicated as of July 2, 1979, the west half of the northwest

|

Mmm«Q—;quafter énd tﬁe porthwest'qqartervofftheséuthweétvquérter'of «~-:~e~~%a

4Sec£ion‘24 ;pbears to be owned by the Bureau of Land Maﬁagement.

Sdme pOrtiOns’of'the excavated channel lie within that area.
:Mbredvef,vneitﬁer Ehé State Land,DepértmeﬁE Right*pf—

Way Permit nor.the ownership ma§ indicate»any State land owner-—

ship‘in Sectioﬁs 23 o:>26; .A ésrtion of the channel séemé ;bA

ha&e been constrncfed in those secfions.

‘ Tﬁe channél in Quesfibn:does, however, appéar to lie

within the area licensed»to the Del E. Webb Development COmpany‘

by the Flood Control District of_Maricopa'County under termsvof

L 1q003.
License #79802-

P




- CHANNEL LOCATION

 The channel ih'question is betweén16500 énd 7500
feet in length'aﬁd for the most part.is ldcated along-the
WeSt.line of Section 24, Township 4 Norﬁp, Range 1 West
éila and Salt River Base and Meridian, beginning near the
nortﬁwest corner of that Section and‘pfoceeding.south along

' the Section line to Section 25. The channel is not located :

_in Sections 25 and 36 as was originally thought to be the

case wheh the contract was drafted. 'For/the most part; the
éhannel is lqcated in Sections 24,_25:although some portibns
,héve apparently been constructed in Sections 23 and 26.  An_
accurate determiﬁatién of the exact location of the channel
would require a survey of the Section lines_and sﬁrvestof
this‘magnitude and type were beyond the scope.of this contract.
However, it éppears from'an examination of theraérial photo-

graphs that some_portions!of the channel in gquestion lie out-

side of the right-of-way granted by the Arizona State Land
) Departmént.to the Maricopa County Flood Control District

under right—of—way permit 18-368. For example, the excavated
channel appears to straddle a line which separates Section 24
and Section 31.

According to the map made available to this office
by the Arizona State Land Department designated as Sheet #3
of County #7 with ownerships of the Bureau of Land Management
indicated as of June 25, 1979 and ownerships of Sfate Lands
indicated as of July 2, 1979, the West half of the Northwest

quarter and the Northwest quarter of the Southwest quarter of




'

u,ln those Sectlons.,“mm”

Section 24 appears to be owned by the Bureau of Land Manage—
ment. Some portions of the eXCavated channel lie w1th1n that
area;

Moreover, heiﬁher the State Lénd Department right%

of-way permit nor the land ownership map previously referénced

‘indicate any State or Federal ownership in Sections 23 or 26.

It appears that a portion of the channel has been constructed',

The channel in question does, however, appear to

lie within the area licensed to the Del E. Webb Corporation

. by the Maricopa County Flood Control District of Maricopa

County under license #+9862<7
qool
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NATURAL SETTING

Under natural cdnditions-the area proposed for
development at Sun City West was a relatively flat désert_
éloping from the northwest to the Southeéét. 'Ail runoff in n
the area was.tributary_to-the Agua Fria or Sait Rivers.
With the exception of the Agua Fria River, there were no'other‘
ﬁajor drainage channels unless Trilby Wash would be so classified.

- For the most part surface runoff obcurred either

i
|
i

as sheet flow or in multitudinous small drainage channels
which flowed in a Sdutheasterly direction toward thé Agua Fria
Rivér. All>of these sméllér chanﬁels were typical desefﬁ
‘type ephemeral streams which were cbmpletely dry except during
brief periods of intense.raihfall br immediétely thereafter.
| During World War II a large »éir facility was con-
structed in the'Northwest portion of'Township 2 North, Range
1 West. This facility was and is designated as United States
Luke Air Force Base. Sporatic flooding constituted a serious
pfoblem for Luke Aif Force Base.
Canals and irrigated lands of the Maricopa County
Municipal Water Conservation District No. 1 received periddical
damage from the uncontrolled floods. That District which
is frequently referred to as the Beardsley Project, is
. located in portions of Township 1 and 2 North and 1 and 2
South, Ranges 5,'6 and 7 East. Approximately 35,000 acres
are irrigated with water from both the Agua Fria Riverbimpounded
‘in Lake Pleasant, which has a capacity of 163,820 acre feet,

" regulated by Carl Pleasant (Waddell) Dam‘and aiso by

1
1
1
i
|
1
o
|
1
I
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!
i
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'pumpage from 61 District owned pumps and a similar number

of privately owned pumps.

On August 7, 1953, the 83rd Congress, First Ses-

sion approved Public Law $#209 whlch authorlzed construction’

of the Trilby Wash Detention Basin and Outlet Channel. This
structure is commonly known as the McMicken Dam. Construction
of this facility was completed by the U. S. Army Corp of
Engineers in July 1956 and the structure was dedicated in
November. of the same year.

McMicken Dam consists of an earthen structure
5200 feet in length with a maximum heigth of 34 feet. The

total lmpound capacity is 19, 300 acre feet. McMicken Dam is located

in Section 18 of Township 4 North, Range 1 West and Townshlp

13 of Range 4 North 2 West. It controls a drainage area of
228 square miles. The Dam interseots a number of small tri-
butaries, the largest of which is Trilby Wash. There was

and is no natural channel with a substantlal carrylng capacity
below the detentlon ba51n. For that reason, the outflow is
conveyed through an outlet channel extending for 5-8/10 miles
1nto an unnamed wash sometimes ihcorrectly referred to as
Trilby Wash which extends approx1mately parallel to but con-

verging w1th the Agua Fria River, while transportlng ‘the water

from the detentlon baSLn the outflow channel also ‘intercepts’
ahd transports numerous washes. The small wash extends the

| dischargebof the McMicken Dam outlet channel'ln Section 11 of
Township 4 North, Range l.West to a convergence with the Agua
Fria River in Section 25 of Township 4 North, Range l West.

On the downstream side of the outlet channel there

was a levee with an average height of about 8.5 feet de-

signed to prevent overflow. Initially, this entire project was
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~ ing agricultural lands. The facility was designed to reduce

‘the standard Project Flood which was estimated to have a

designéd to protect Luke Air Force Base, the Litchfield Pafk »
Naval Air Basé, Goodyear Aircraft Company Plant and the Towns

of Goodyear, Litchfield Park and Avondale and the surround-

peak inflow of 35,000 cfs to a peék outflow of 4,450 cfs.

| The standard Project Flood is defined iﬁ Circular
No. 4262, Civil Works No. 65, dated 20 November 1946, from
office, Chiéf of Engineers as follows: |

"*%k* The Standard Project Flood) is intended
to represent a flood that would be exceeded
in magnitude only on rare occasions, and thus
to constitute a standard for design of struc-
tures that would provide a high degree of
flood protection as determined by flood po-
tentialities of the drainage system involved,
without regard to localized economic or other
practical limitations of individual pro-
jects. *** In most cases, the Standard Pro-
ject Flood should equal or approximate the
flood that would result under existing or
specified conditions of basin development,

if the most critical storm of record in the
region should occur over the drainage area
involved when hydrologic conditions were _
reasonably favorable for flood run-off.,*#*#*"

The evaluation of the hydrology of the channel
east of El1 Mirage Road on the east side of Sun>City West
was and is predicated on the assumption that McMicken Dam
and outlet channél will function as intended. |

Within the last few years, McMicken‘Dam'began to’
develop cracks which indicated that the Dam might fail in
time of emergency. While the exact cause of these fissures
has not been authoritatively established, it ié»generally

believed they are due to settlement of the foundation due

‘to excessive pumping from the groundwater reservoirs. As
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a result thatkgroundwéter levels in the area have ioWered_
rgthei dramatically. In an effort to avoid a failure of
tﬁe McMicken Dam during a critical period Such és a
Standard Project Flood with the resultan@ sudden release

of more than 19,000 acre feet of water, the Dam has been

‘lowered in certain areas.

ThiS'lowerihg bf the Dam wili‘impair its abiiity
Eemﬁynsti9§,éﬁ;dgsign?ég,wW?}}ﬁlEh}?m9ffé?¢f??fwﬁééém?9m;w
studies of the Dam, it would appear to be almost a foreéone
conclusion that since the Dam has lowered capacity it would
not control the Standard Project Flood. The Maricopa‘Countyv
Flood Control District recognizes this fact and haé appealed
to the Corps of Engineers to restore the Dam to its original
condition. Although there has been no commitment madelby the
Corps of Engineers, it is hoped that the Corps of Ehgineers
will soon restore the Dam to its briginal height, particu-
larly because of the greatly increased downstream development
which has occurred and will presﬁmably continue to occur
downstream from the Dam.

In thé studies in this report, it has been assumed
that the McMicken Dam will be restored before a major flood
occurs;

It must be recognized however, that due to the

~catastrophic floods of 1978, 1979 and 1980 on the Salt and

Gila Rivers there will be a tremendous demand for flood con-

trol money. To be realistic, there is no possibility that

flood control funds in the amounts necessary to ameloriate




the flood hazards of Southerﬁ Arizona can be made available
for several years. Competition for the available funds will
be iﬁtense. | ‘ | |
It is intefesting to note that’the rains oflJanuafy
end February 1980 did not.even approximate the Standard Pro- ‘g
‘ject Flood in terms of either peak or volume at McMicken Dam.
The McMicken Dam has two provisions‘for the releese

of storage. The first 1s a low flow outlet Wthh can handle

|
|
|

up to 4,450 cfs before the spillway is utilized. The 4,450 cfs
outflow was calculated by‘the Army Corps of Engineers in 1953
tas being sufficient to coﬁtain,the Standard Project Flood.
The second outlet structure is a spiilway which begins to
release when the storage capacity exceeds 17, 000 ‘acre feet.
This splllway is de51gned to handle a .peak outflow of 22,000 cfs
which would occur during.the maximum probable flood (maximum -
possible flood).
There is also an area which lies east of the
‘ MeMicken Reservoir'which is unregulated and has a potential
for flooding. |
Crossing this drainage area there are three structures
which might be considered to alter the runoff characteristics.
The first of these is the main canal of the Maricopa Ceunty
Municipal Water Conservation District No. l;emore commonly -
known as the Buckeye Canal. The second is U. S. Highway 60,
70 and 89 which leaves Phoenix as Grand Avenﬁe and proceeds in
a northWesterly direction toward Wickenburg. There is in

addition to the Highway a branch of the Atchinson, Topeka &

12




Santa Fe Railroad. A more recent deVelopment'which érossed the
drainage area is the Granite.Reef Aqueducﬁ_récéntly conétrﬁcted'
to convey water from the Célorado River td Central Arizona.
Rebresehtatives of this office studied the foregoing features

and have ascertained that in each case they permit flow over

or under the structure in question. In numerous places some

of the flows:will cross on overshoots, others in siphons and

others in.culverts. _In any event, the number of structures .

‘involved is so great as to lead this office'to the conclusion

that the practical effect of the Buckeye main canal, the
named U. S. Highways and the Railroad would not substantially
alter the amount of water reaching the subject channel nor

would these structures materially change the time of concentra-

‘tion.. To the extent that the time of concentration would be

changed it would be slightly reduced.
The Granite Reef Aqueduct was found to have a

slight festrictive‘effect upon the peak flows passing through

~ the area. Data concerning this retardation effect was gathered

from the Project's office of the Water and Power Resources

Service.

In addition there are, of course, numerous roads

and other man made developments which would increase the rate

"of Tunoff and the time of concentration an indeterminate amount.

However, in the computations which were made, this office did

not give consideration to the hydrologic effect of any of

the man made developments on the uncontrolled watershed.

13
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age channel and adjacent areas on February 5, during a period

INVESTIGATIONS
Pursuant to the terms of the contract, representatives

of W. S. Gookin & Associates made field inspections of the drain-

when the weather was dry. and there was no flow in the Agua Fria

River. A second investigation was made on February 18, during a

time when if waé réiﬁing ahd there‘was heavyvflow‘ihytﬁé AgUaA
Fria and Salt Rivers. The first investigation was prior to the
failure of the Agua -Fria Bridgeyon Bell Road and the second was -
subsequent to the failure of that bridge.

Theré was nd flow in the channel in'qUéstion on Febru-
ary 5, 1980. The flow in the referenced chahnei Qas Very small
on February 18, énd there was no evidence of excessi&e flows
since construction of the channel.

In,addition; représentatives of W. S. Gookin and
Associafes: (1) Met with officials of the Maricopa County
Flood Control District (MCFCD) and obtained data from the files
of that agency: (2) Visited and were furnished with data from
vthg o:fices of the Arizona State Land Department; (3) Conferred
with reéresentatives of the Water and Power Resources Service
(WAPRS); (4) Visited the office of Landis Aerial Surveys ané
Photography to inspect both old and new aerial photographs of

the area; (5) reviewed plans and profiles of the main canal of

14




the Maricopa Cqunty Municipal>Water Conservation bistrict #l:’i

(6) sStudied plans and profiles of the G;anite Réef Agueduct Qf
the‘Centfal Arizona Project; (7) AnalyzedbnﬁmerOus maps and "
aerial photographs; and (8) Analyzed the design ovacMicken

Dam and Outlet works. ' - ‘ =
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Field Inspection, February 5, 1980

On Tuesday, February 5, 1980, Mr. W. S. Gookin,

P. E. and Mr. T. A. J. Gookin, P. E., traveled to Sun City

West to view the excavated channel and begin formulation of

a'repbrt; 'They proCeeded west on Bell Rbad until they

~crossed the bridge on the Agua Fria, which was at. that time

undamaged. They then turned north to El MiragérRoad'as de- a

_.picted onAthe_key_map‘for’Sun_City_West;_Unit 12, Sheet 2 of

29, by HDR, dated 6/12/79. There was a sign'on this road
prohibiting trespassers.’ S | : bv ~ ," | v_'ﬁ

They had in their possession aerial photographé‘
from’which they were able to orient themselves on the ground.
They drove north along the east side of Sun City West. The
road paralleled the‘east side of Sun City West; where 2
fence existed, and cohtinued north paralieling the dbviéus
location of a northerly ektension of the fence onvthe east
‘side of>Sun City West.

East'ofAthe road on which they were traveling a
channel had been excavated. They‘proceeded north along El
Mirage Road to a point near the northwest corner of Section
‘24 where El Mirage Road terminated. At about that point, the
newly excavated.chénnel tapered into natural ground level.

At that point there was a small channel, apparently designed
to intercept drainage coming from the north and convey it -
eastward toward the main drain. The east-west channelyap—
parently had not been completed on'February 5. They pre-

sumed that ultimately the east-west channel would be extended

- westerly to provide protection for the north boundary of

16




Sun City West. Maps and aerialxphotoéraphs indicate that
at least partial protection from flood Qater entering Sun
City.West froﬁ the nbrth is provided by.an east-west ditch‘
which runs élong the southérn edge of Segtions 13, 14, 15
and 16. This drain ditch was apparently constructed to

- protect an irrigation ditch located in.the north édge of
Sections 21, 22 and 23 parallel to the'drain ditch.

_ The east-west excavation was relatively minor at

t
]
i
H
i
{
i

fﬁat.time and theré is no indication as to what tﬁe ultimaté
plans'aré for that particular area;‘hdheVer, it would seem
logical to presume protection from flood‘flows would be

- provided along the north line‘of the subdivision;band the
logical,place for disposal of this water would be through the
north-south channel eXcéQatéd to the east of El Mirage Road.

o | Thé plans iséﬁed by HDR indicate that the bottom
of the excavated'channél is about 180 ft., wifh variable
depth and variable side slopes. Where unlined, the side
slopes are indicated to be approximately 3 feet horizontal
and 1 foot vertical. Detailed measurement of these slopes
would have to be made to confirm this if this becomes an im-
portant factor.
| A~few'reaches of the excavated chénnei had

cobble rip-rap on the west side, but the side slopes were
for the most part unlined.' The bottom of the channel was)
completely unlined, except for approximately 1200 feet. The
north edge of the lined portion is shown on the plans preF

pared by HDR as being 3,625 feet north of the point where

17
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the channel turns eastward to join the Agua Fria River.
The lined portion is shown on the plans extending Southerly

for a distance of 475 feet. This lined portion also shows : B

on the aeriai photographs.

It is obviously a concrete—lined energy dissipator;

'A cross-section of this dissipator is shown on Sheet 4A of

29 of the HDR Pav1ng and Gradlng Plans. , ,'_ -

S - AThe lined section as constructed does not conform - .”WWA;

to the conflguratlon deplcted on the plans. On February 25
there was water ponded in the bottom of the energy dissipator
which was not draining through the "V" channel designed for

that purpoSe. Sheet 26 of 29 of the HDR Paving and Grading

" Plans shows the concrete dissipator and indicates that it is

approximately 475 féet long. Visual inspection.indicétes
this is not unreasonéble. However, the plans indicate thaﬁ
the channel will be so graded as to provide for a graded
inlet to the channel and a complete draining of the dissipator ;
after flows hgve occurred. |
Visual inspection seens to indicate tha£ the dissi-
pator was placed on top of the excavated channel after the
excavated channcl was comoleted. In any event the dissipator
does not drain as designed and would impound water and thereby
constituting a possible breeding point for mosquitoes and
other insects.

Downstream from the energy dissipator there is a

- deep gunite-lined gulley through which water will drain from
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Sun City West and enter the channel through a culvert from

the west. The gulley has near vertical sides which, in their

" opinion, represents a distinct hazard to human and animal

1ife.

At the time of their visit, there was no evidence

of excavation in progress in the newly dug channelvparalleling

-

El Mirage Road. " | " .
| . It was obvious that large amounts of'fill;material
had been eXcavatéd from the.newly dug channel and then supple-
ments  of large amoﬁnts-of similar material from another
source had béen added to the land encompassed in Sun City

West.

Water flowing in the excavated channel will impact
against a near vertical, unprotected bank, as shown onbsheet
24 ofv29 of the plané by HDR, revised 6/29/79. | | |

There is a smali exit through which water flowing
in the newly constructed drainage channel will turn eastward
and join the Agua Fria; however, this exit has a far lesser
capacity than that of the drainage channel.

In the newly excavated channel near its south ter-
minus is a saddle with low dirt dike. There was no evidence
of any compactioﬁ on this dirt dike.

If water were to flow in any quantity in the newly

“excavated channel, the near vertical unprotected bank refer-

“enced above would be eroded and the dike would be overtopped

and washed away. The water thereof released wbuld flow in an

easterly direction to the main channel of the Agua Fria River.
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At the time of their visit to the site,-there was
extensive hauling in process from gravel pits that are located-
in the southern half of Section 24, which,.according'tc the
‘maps furnished by the State Land Department, may or may not
be located in Whole or in part on State land. BAerial photo—
graphs seem to indicate that the gravel pits lie just to the

east of State land. A survey would be requlred to. verify

)
i

whether or not this is ture. e T“_w»“e”_;;_j S e

They noted a numher of trucks, some full and some
_ : empty,.heading to and from the gravel pits of Sun City West.
They also noticed some empty trucks coming from Sun City West
toward the gravel pits.

Upon exploring the area along Bell Road,  they noticed
'two extremely steep-sided gunite llned dltches north of and
purallel to Bell Road, each heading toward the Agua Fria River.
In times of flood these dltches would discharge water into the
Agua Fria River north of the breach.

These drainage ditches appear to represent a dis-
tinct hazard to automotive, pedestrian, and all other traffic
regardless of whether these ditches contain water or not.

Although no measurements were taken it was obvious
at the time of hheir visit that construction of the excavated
channel had not been completed in aCCorﬁshce with the plan and
correspondence. For example, on Sheet 24 of 29, there is shownv
a short stretch of channel lining which is further detailed as
Section AA on Sheet 4. There is no evidence of this lining as

of February 5, 1980.
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Both the cérrespondence and the plans speék exten-
sively of rip—rapkand.lining which was not ihyplace on Febru-
ary ‘5, 1980. - For example, on Shéet 4A of 29, the typical
channel Section from Station 32+00 to Station 36+25‘shows a
concrete lining on both side slopeé and bottom. Moreover,
the drawing indicates that the top of thé‘lining_is 916"

above'the_drainagexchannel flow line whereas the drawing also

-~ _shows_that the depth of the excavation from the shoulder,of@VM L

El Mirage Road to the bottom varies from 27.5 to 5.3 feet.

The typical channel section from Station 64+00 to
67+50 is shown to have a 3" concrete channel lining with a
minimum height above flow line of 8'0" and extending below
the flow lining a vertical distance of 4'0".. There was no ..

- evidence of this type of lining on Feb. 5, 1980. Essentially,
theisame thing holds‘true of thé typical chanhel séction which
shows a lining on the Wes£ bank from Statioﬁ 0+00 to Station
2+50 extending 9'éf above the hinge line and downward 4'0Q"
below the hinge lineJ

| Very little cobble protection was noted on the
west bank of the excavated channel and no cobble protection
was noted on the €ast bank.

As noﬁed elsewhere in this report, the velocities
expected in this newly'excavated channel‘will'be’suéh'as to
cause severe erosion in the main channel and the inflow from
side drainage will severely erode the side slope§ unless pro-

tective measures are taken.
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Field Inspection - February 18, 1980

On February 18, 1980, Mr. T. A. J. Gookin, P. E.

" went to the site at approximately 11:00 a.m. At that time

there was a very light rainfall and no significant runoff was
occurring. 7
| At the time of his visit, the Bell Road Bridge

crossing the Agué Fria River was reportédly washed out.

_ Bell Road was closed so that,he,COﬁld not get close enough . . _

to the Bell Road Bridge to see it. He had to enter Sun City
West,.wést of the Agua Fria River and drive through the
subdivision until he found an exit to El Mirage Road. He
then drove north and south on El Mirage Road several times
‘along the entire length of the newly excavated channel.

During his iné?ectioné.the'following phenomena were.
observed. o | | |

1. There was nb evidence of substantial flows

of water in the newly excavated channel since

its construction.

2. The channel was flowing at a very small
fraction of its overall capacity. Channel flows
were slow and sluggish due to the minimal amounts

of water being transported.

3. For the flow which was occurring, the dikes
in the exit portion were not restraining the

water.

4. The Energy Dissipator had been so constructed

as to cause a ponding of the water upstream from
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it.. It is probable that this water will sink
into the river bed until silt and fine sand from
upstream portions reduce the infiltration rate

to a point where the water will effectively

‘stagnate.

5. The south outlet from the subdivision into

the channel did not have erosion protection

i
i

~devices on it that were desperately needed. L ce e
The side of the river channel experiencedvsevere

‘erosion cuts approximately five feet aéep with

some undercutting of the outlet structure itself

apparent.

6. On the far side of the channel, there were
numerbus cases where small rivulets of water en-
tering into the channel from the land immediately
East of the channel had caused the beginning of
significant erosive actions. If any major amounts
of water were allowed to cbme in from this source,
or if this damage is allowed to continue without
immediate repair after every rain storm, the éast
bank of the channel could be significantly endan-

gered.

In the case of the 100 year storm, a tributary drain-
age area-of two acres, which, according to the data contained
on the U. S. Geological Survey Maps does exist in some areas,
could yield a side flow drainage of 1.25 cfs. This runoff
going down the side of an unprotected slope of approximately

3:1 as now exists on the sides of the'néwly excavated channel,
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would theoretically achieve velocity of 200 feet per second.
As a matter of practicality the water could not be achieve

velocities that high and the large amounts of energy that

could not be dissipated would exert their forces in the

erosion of the east bank of the channelﬁ
This phenomena also occurs, although fo a sighi-

ficantly lesser exteﬁt; on the West bénk of'the chanhel;

B The significance of these'gullies is th?t during S
a 100 year'storm the time of cohcentration for the creation
6f these side flows is only 15 minutes, whereas the time
of concentration for the 100 year flow that will go through‘v
the channel would be five hours. Therefore, the side flows
would peak and erosion would cut gullies into the side slopes
of the channel before the peak flows from the 100 year flood
would arrive in the main channel. When the éeak‘fibwé did‘vv
arrive, they would not fihd a channel with smooth sides of
compacted dirt as had been anticipéted, but would instead find
a channel riddled with side gullies which would increase the
turbulence of the water going through the channel, greatly
multiplying the erosive éffects of the large flows and all

likelyhood washing away the east bank of the drainage chan-

nel and washing into and over the other State lands in Sec-

 tions 25 and 24.

The west bank of the channel would be endangered
due to both its own gullies and the effects cause by the tur-
bulance caused by the east side of the channel. It is very

probable that undercutting of El Mirage Road, the fence on
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the east side of Sun Ccity West and cénceivably some residen-
tial foundations could occur. |

7. Rip-rap protection and concrete'protection with
the exception of the Energy Dissipator as evidenced in the

Specifications were not in evidence at any point in the channel.
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FLOOD CONTROL COMPUTATIONS

Soil Conservation Service Method II

The Arizona Highway Dept., Bridge Division has pub-
lished a book entitled "Hydrologic Design for Highway Drainage "
in Arizona" dated December 1, 1968 to which there have been

periodic updates of precipitatiOn tables and other data con-

— - -~ -~ tained therein. - In this book there are three methods delineated e

{
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1
i
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for the’ computation of flood flows. The ’most common rﬁethod
used is the so éalled rational method. The rational method is
a simplified technique for use in very small drainage areas
where the shapg and slope and other f%ctors are ﬁot“of particu-
lar significance. This mééhod.is generally applicable oniy to
areas of less than cne squére mile. } |

The second method is the Soil Conservation Service
Method I which is designed for drainage4areas of less than 10
square miles.

The third method is the Soil Conservation Service
Method II designed for drainage areas ~greater than ten
square miles and is the procedure uséd by this office in

computation of flood flows.

The design frequencies selected were for a 100-year

storm, with durations of 1 hour, 2 hours, 3 hours and 6 hours.
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Ralnfall amouﬁts for the various durations were determlned by
precipitation maps prepared by the U. S Weather Bureau for the
Soil Conservation Service in March, 1967 and reVLSed by the“
AriZOna‘Highway Department’in 1970. As the area studled had Cn
more than one precipitation value within it, for purposes of

our repeft the values were averaged.

S *if-w->~*Precipitation values‘for~6 and 24-hour duraiions’were C e
plotted as a straight line on the rainfall depth-duration dia- |
gram prepared by the»Weather Bureau, Technical Paper Nb.'4o.

By use of this diagram, intercepting values of 1 hour, 2 hour,

‘and 3~hour reinfall depths in ipches Qere»determined.

Thebprecipiﬁatieﬂ values obtained from U. S. Weather
Bureau maps éepicﬁed point preeipitatioh Values; therefore, a
reduction of these values woeld show a uniformly distributed
rainfall depth over the entire drainage area. This reduction
is necessary because a value for a storm centered over a large
area weuld not be constant over the total area.  Reduction of the
point values was obtained by use of Figure 2-6, Area-Depth Curves
prepared. by the Weether Bureau. These reduced éoint values will
be called areal reductions. |

fhe drainage area studies were plotted on the General
Highway Map of Maricopa County, Arizona, dated 1968, prepared by

The Arizona State Highway Department on a sScale of 2 miles to the

inch. Where necessary, an adjoining map of the same series was

27
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‘used to determine the areas in Yavapai County.

By qse of a planimeter, the areas were aetefmihed;
The overall dimensions of the drainage basin wereiacquired
from thé same maps.' Changes 'in elevation wit}inrthe'variousv
drainage bésins were determined from tﬁc appropriéte Uniﬁed'States

ceological Survey Quadfangle Maps. The overall slope was generally

_constant in all cases with no significant breaks, so in each case,

the area éﬁudied was studied as a whole.

The vegetative cover type of the drainage area was
determined to be Desert.Bush, with a "fair' cover densiﬁy of 20%.

The hydrologic soil cover cémplex was determined by
the.use of the hydrolbgié SOil:ﬁép preéared by tﬁe Séii_éo;séfva—
tion Service. The drainage area stuaiés inéluded three groups
of soils: types B; C, énd ﬁ. The majority of the area was
group D, or soils having a very slow infiltration rate and a
high run-off potential. The amount of each type waé determined
separately for each study.

By use of the hydrologic soil céver and  the vegefation
type determined for‘the area, a weighted curve number was found.

Using these data, it is possible to compute a peak
flow along with a time at which that peak flow would occur.
This may be done for a oné hour, two hour, three hour and six
hour storm. The storm that would cause the maximﬁm flow for a
given storm frequency varies upon the size, shape, and slope of

the drainage area under consideration. It is, therefore,
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necessary to compute each of the stérm floods to determine which
yields the maximum peak runoff.

There are many different frequencies‘of stofms that may
be_aesiéned for. This.méthod allows for thé design dﬁ a two year,
five year, 10 year, 25 year, 50 year, and 100-year stbrﬁ; The
frequency of the storm means. that it may be expected that over

the long term, a storm equal to.or greater than the computed

magnitude will occur in one year out of the number of years in-

dicated. For example, a two-year storm’woﬁld be that storm that
would be expected to occur one year out of twé. A 100-year storm
wouid be that storm that would be expécted to occur in one'year
out.of.lOO.A However,'this.is ﬁot to say that it is not possible
for two 100-year storms to occur in one year. MThe event frequency
is merely a stateméﬁt of the.probability and ndt a prediction as

to when any given individual storm would occur.
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HDR Calculations

Henningson, Dunham & Richardson, Inc. of Aﬁizona

(HDR) based their computation of the flood flow upon the

.procedures described above. As nearly as we could ascer-

tain, HDR did not compute the flows from the Trilby Waéh

Dentention Basin, but adcepted the outflow conclusions

of the ArmyvCorps of Engineefs that in a Stapdaid Project
e ’*;~>;Flood,~there_would be releases at the rate of 4,450 cfs.

The remainder of the drainage area that is not
contained by the McMicken Dam was apparently calculated,
utilizing the above, feferenced-techniques. A similar
calculation by this office checked the compﬁtations of
HDR for a two~hour, 100-year storm to be within 8 percent.
In view of the many variables,invélved such as the dif-
ferénces in maps available and the necessary Jjudgment
factors in developing the peak discharge, it is the opinion
6f this office that the two figures checked as closely as

- | could be reasonably expected.

Howéver, the methodology presehted by the Highway

Department is to compute the 100-year storm for a 1, 2, 3,
~and 6-hour duration and determine the peak inflow from
whichever storm ¢reates the greatest peak.

Because of the configuration of the watershed,
which was found to have a time of concentration of five
hours, the peak flood occurred from the six hour storm.
The time of concentration is a fiqgure which indicates the

time required for a drop of water originating in the head-

30




waters of the drainage area to_réach the outlet portioh
of the drainage area. The time of concentration iS’impér—
tant, because it indicates at what point the entirety of
thé wateréhed can be expected to begin its contribution
to the flood flow. The time of concentration is related
to but is not synonomous with the time at which the peak

flow from any given storm occurs.

|
|
|

e When_the—computations were made for all storms and . m‘ﬁ_ 
the Standard Project Flood for the McMicken discharge of
4;450-cfs was added on, it was found that the channel flow

using the above methodology would be 21,000 cfs.
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W. S. Gookin & Associates' Calculations

As indicated earlier, there are several fadtors
which would effect the actual flood flow through this re- .
.gion that were not taken into aceount by,HDR; The primary
of these factors is the Granite Reef Aqueduct. . This weuld
effect not only the unregulated portion of the drainage
baein but, to some extent, the Trilby Wash Defention Basin.
-«wwwf~w~»—e¥Therefore; iﬁ»was;decided to divide the drainage area into s
four drainege areas, which were referred to as A, B, C,
and D.

Subarea A consisted of that portion of the’watershed_v
unregulate@ by McMicken Dam and the south of the CAP Aqueduct.

Subarea B constituted that portion of the basin area
north of the Graniﬁe Reef Aqueduce notiregulated by McMicken
Dam. | |

Subarea C constituted that area regulated by the
Trilby Wash Detention Basin but south of the Granite Reef
Aqueduct. |

Subarea D constituted that porﬁion of the drainage
basin regulated by the McMicken Dam and north of the CAP
Aqueduct.

The computations leading to our conclusiens as to
the fleﬁs out of each of the dreinage areas can been seen
on the attached Appendix lA'A" on the Hydrologic‘Data Sheets
for Soil Conservatien Method: Part II.

As can be seen from these sheets, the peak flows

occurred on a 3-hour storm; however, due to the minor
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differences in the peak flow between a 3 and 6-hour stdrm
and the lengthy lag times involved, and the fact that the
peak flows from the four areas were not cOincident, the

6-hour storm was utilized since it would give the maximum

overlap and peak flows.

]
I
i
i
t
i
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by the Arizona Highway Department, there is a methodology

Flood Routing

Using the methodology presented in the notes to

the Hydrologist and Hydrologic Training Sessions dated

.October 16, 17, 18 of 1972 and revised in'December 1973

" presented for the design of hydrographs'based‘upon the SCS

Method II peak flow computation used earlier.’ Utilizing

. this technique. the Hydrograph was constructed for Area D . .- __;;

which is regulated by the Granite Reef Aqueduct to a maxi-
mum outflow of 15,377 cfs. The graphical technique is shown
on Graph 1, Appendix A in which the water was routed through-
the CAP structures up to their maximum capacity. The out-
flow was then held constant at that capacity until the
storage which had occurred behind the canal had dissipated.
At that point the reﬁaining flows were conveyed through
the canal structures. |

Graph 2 shows the routing of the resultant flow
from Area D as regulated by the CAP canél along with the
flows that would occur in Area C. It was computed that the
flow from Area D would not arrive to the outlet point in
Area C until 2.91 hours after the beginning of the runoff;
therefbre; on the Graph, the Area D curve is offset by 2.91
hours. These two flood flows were then added to create the
overall flow shown in a heavy outline on Graph 2 into the
Trilby Wash Detention Basin. Utilizing the data as to the
outlet constructions contained in the 1953 Army Cofps of
Engineers report, the retention basin would not spill and

would have a maximum and relatively continﬁous outflow of
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4,200’cfs. This is the outflow from a 100-year flood based
on local data which makes thisbcomputation consisteht
with that ﬁséd for all other areas. The use of a Standard
Project Flood for the Tribly Wash Detention Basin based on
data transposed from Texas and a 100-year flood for the rest
of the drainage area based on local data, presents an in-
_conéistencyvthat is hard to justify. Preliminaryi@nalysis
. creates serious queétions as to whether the TriblY_WaSh“ T
Detention Structure could»cbntain a Standard Project Floecd
using current.methodology and local data for analysis with-
out exceeding the 4,450 cfs discharge and spilling over the
spillway. This can be seen as the. lower curved line on
Graph 2. |
Graph 3 shows the‘flood flow from Area B and the
effect of the Granité Reef Aqueduct upon that flow. The
flows in excessrof the ma#imum peak outflow over tﬁe Aque-
duct were treated in a manner similar to that in Graph 1.
Graph 4 shows the computation of all inflows into
the reach. There are three contributing curves depicted.
The first curve shows the inflow from Area A. The second
graph shdws the inflow from Area B as regulated by the
Granite Reef Aqueduct after a lag time of 2.28 hours. The
third line shows the inflow from the Trilby Wash Detention
Basin after its lag of 4.8 hours. It may be noted that on
Graph 4 this flow only appears after approximately 7 hours.
This is due to the 2 hour lag that occurred in Graph 2

between the time when inflow started into the detention

'
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- basin and the dutflow.finally begannto ieave fhe baéin.r
These three lines were added to give the reéultant 100-year
flood that.may be expected to impact the El Mirage.chénnei.

| The peak discharge that will occur will be 13,000 cfs
which will be accompanied by a long period, appro#imately‘9

| hours, of 12,000 cfs flows. This lbng period of flow is

significant in that any erosive damage which might begin

’”Lf’”“"‘“'“‘“at”those‘flows*will have a considerable length of time to

exacerbate the damage. After the nine hour major flood

has passed, there will be a flow of approximately 4,000 cfs
which will linger on for several days at jradually decreasing
rates as the Trilby Wash Detention Basin slowly empties it-

R

self.
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EROSION

Permissible Velocities

In designing a éanal fox the trahsportation of
water for either flood control or other purposés, one of
'the factors that must be considered is tﬁe velocities which s
are being developed through the struéture and the silt or
other content of the water entering that ditch. If.the
e @gsigne@ivglqgiﬁy’is toph§%owﬁ;thefe i§Aa ngdency for the
water entering the reach under cdnéideration to deposit the
heavier materials‘which would result in blockages and reduc-
tion in the overall capacity. This is referred to as the
silting velocity. The silting velocity constitutes the lowef
end of the speeds which may be permitted in the reach being
designed.

It usually is-impractical to design a structure so
that the water passing through it will never drop below the
silting velocity because the velocity varies with the quantity
of flow. _Velocities often.drop below silty velocity during
low flow periods,ibut rise above silty velocity during high
flow periods. However unless the flow drops below sil?ing
velocity on a regular basis, any deposits that might occur
would be quickly washed out during a major flood flow.

| The -other extreme is the scouring velocity. - This
is the velocity at which the water will begin to erode the.
channel lining and given sufficient time, destroy the integrity

of the channel. The more important of the two velocities is

the scouring velocity.
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The maximum permissiblevcéhal velocities are primafily
dependent upon the material constituting the lining.  In the |
worst casé of fine sand a water velocity of l.5‘feet'per second
is the maximum that can be tolerated. In extreme cases where
reinforced concrete linings have been instalied, velocities
of 150 feet per second havé been designed. This was thé de-
sign velocity for the spillway tﬁnnels at HooVéF: Dam; hbwever,
_when tested at this,velocitywproblemsvwere'discovered,in cavi- .‘a;f%
-taéion which inaicates that the maximum should be held below
’that speed.. Conciete lined canals ére commonly designed with
velocities of 20 to 40 feet per second, with scattered examples
existing that show 80 feet per second. The suggested design
standards for this canal were gleaned from the following |
sources: Flow of Water in-irrigation and Small Canals, by_‘

Mred C. Scobey of the U. S. Department of Agriculture; Irriga-
tion Principies and,Practiceé, by Orson Israelson and Vaughn
Hansen; Dréiﬁéée and Flood Control Engineering, by George
Pickels; Linings for Irrigation Canals, by the Bureau of
Reclamation;‘and Design, by Elwin E. Seelye.

In examining the soufces and'réébgnizing that the.
water that will be entering the channel will not be cleér water
but will be transporting silts, sands, gravel and prdbably even
rock fragments, the following maximum velocities were détérmiﬁed.

For the earth-lined portions of the canal, assuming a graded
mixture of silts to cobbles as indicated by the soil tests a
maximum velocity of five feet per second is allowable. For a

concrete non-reinforced lining, a maximum velocity of
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8 ft. per secénd is ailowable. A yelocity greater than that can
lead to the fOllOWlng effect:
"Hard—surface linings permit‘higher water. ?elocxties
than do earth sections. Usually, ihese veiocxties in | n
fif» ‘ unreinforced lining should be less thén 8 feet per
.second to avoid the possibility of lifﬁing‘the lining
“Mi;“*should the velocity head'be*éonVérted to pressure - -
head through a crack that slopes upstfeam,'or into
the current." (Linings for Irrigation Canals, by the
U. S. Department of the interior, Bureau of Reclama-
tion.) | | |
_Reinforced concrete may have a velocity as high as -
40 ft. per second; ho&évér, if this does occur a provision*muSt

be made to slow the water down before it enters a section with

less protection.

Natural River Channel Velocities

In the letter dated Novembef.s, 1978, by Mr. Jésop
Burgess of HDR to Mr. Les Bond, Chief Hydrologist for the
Maricopa dounty Flobd Control,District, there is an indication
vthat prior to the construction of the new channel, during the
100-year, 2-hour flood, the old natural drainage channel Waé
éapable of handling velocities of between‘7 and 12 ft. per
second. While these computations have not been independently

checked, we seriously doubt the validity of this assumption.
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‘We believe the natural channel could never haVe contained flows

of this magnitude and velocity. The old natural channel has
never experienced the flood flows that are being projected. The
reasbn for this is that the wash in - its natural state only

carried a very minor portion of the waters that are currently

being intended for it. The construction of the Trilby Detention
~Basin and the McMicken Dam outlet have added mény’hundreds of -

square miles of drainage area and undoubtedly multiply the .

flood flows many times over. Hencerthe computation of high
flood flow velocities through this channel are notASurpriéing,
but are not indicative of the ability éf the ground to withstand
velocities of that magnitude. 1In fact,. it is our expectation
that if a majbr flood does occur in the channel upstream fracn |
Sun City West that upstream cﬁannel will erode sevefly and
possibly change its position.

DESIGNED VELOCITIES

Based upon an examination of the correspondence be-
tween Maricopa County Flood Control District and Henningson,
Durham and Richardson, Inc. of‘Arizona, it was found that the
basic agreement for the design of the channel was as follows:

"l. The channel will be lined at all areas where

velocities are supercritical. |

2. When plain soil is encountered upon excavation,

the west bank will have properly designed bank

protection for velocities betweenv7'fps; and‘lZ

fps. For velocities greater than 12'fps the west




bank>will have to be 1ined;
3. Except in éreés‘wheré velocities are supercritical,
no bank protection or channel lining will be re; |
quired Qhen the chahhel is iﬁ égménted conglomerate "
material." (Letter from,Nick Karan, cﬁief,4
Engineering Division, Maricopé Ccounty Flood Controi
»District,‘to Mr. Jason Buréess}_Henningson,'Durham>
& Richardson, Inc., January 31, 1979.) :

The basis for this agreement, according to tﬁe corre-
spondence, was that the natural ché;nel was going to be haﬁdling
velocities of 12 ft. per seéond; and tﬁus, it would be only |
neceSsary to protect against flows higher than 12 ft. pet second.
There was also discussion tﬁat most of the material involved
would be "cemented conglomerafe." When cemented conglomerafe
is tightly cemented, it has many of the characteristics of con-
crete and, hence, is highly resistent to erosion. The soil
boring tests made the'foilowing comments concerning cementation:
Test #1 - no cementation mentioned; Test #2 - light cementaﬁion;
Test #3 - light cementation; Test #4 - light to moderate cemen-
tation; Test-#S'—vtraces-of cementation nodules; Test #6 —
traces. of cgmentation nodules.

It is apparent from the soil borings‘and aur visual

inspection of the sites that the cementation is minimal and

cannot be expected to have any significant retardation of ‘the
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projected erbsion., In fagt, during’the inspection of Feb. lg; 19840,
duringbthe relativély light rainfail where some water was spill—
ing down the side, it‘was evident from the relatively small
tridkles which had occurred that'significant"erosion had already
begun. | |
Aﬁ the outflow from Sun City West, where the cﬁlvert
_ passes under El Mirage Road;'the entiréty of&the‘¢anal bankvhad _av
- been eroded away by the water éntering»from that sougce. These
erosive factérs are sméll forewarnings of what ﬁay happen when
a high velocity flood goes through the entirety of.the channel. -
If the 100-year flood does occur and the anticipated veloéities
result, then the flood conﬁfol>channel would be seriously
damégéd and probably would allow the wash to erode. into adjoin-
ing éreas, causing damage to any development that migﬁt»eXist
nearby. |

Predicted Velocities

Based upoﬁ the canal configuration shown in the speci-
':fications provided to us,.and employing Mannings Equation cbmpu—'

tations of the velocities that will occur applying a roughness |
coefficient of .025 as recommended by the Army Corps of_Engineers,‘
the following velocities were computed:

For a 100-year fléod as determined by this office
(13,000 cfs), the peak velocity wouid be 11.4 ft; pef second
through the unlined sections, For a period of approximately

9 hours, the velocity would hold at 11 feet per second (12,000
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cfs) and then decrease to 7.4 feet per second which would

continue for several days.

For a 2 year storm a peak flow of 5,500 cfs was
estimated giving a velocity of 8.30 feet per second. As can be
seen from these data, the velocities of the water going through

the unlined portions of the ditch are such that extensive

" maintenance will be'required to handle the damage caused by the

more frequent floods and during a major flood, it is very‘
possible for the structure to fail altogether. |

' As described in the section concerning flood flows,
the 100-year storm is a minimal flood protection when a‘resi-
dential area is concerned. In addition, the amounts of: £lood
flow compﬁted will increase as upstream development occursAon‘

the watershed. These two factors could lead to even greater

damage, since the even higher flows would reach velocities

that would escalate the scouring to an even greateridegree.
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-IMPACT ON STATE LANDS

Channel Instability

The major impact on the State Lands from the
location and construction of El Mirage Channel is the lack
of adequate protectibn against the erosive forces of the
water that will be traversing it.

The wash under the natural conditions was rela-

L -Atively small;ahd would.have'yielded minimal amoﬁnts of water.
VThé construction of the Trilby Wash Detention Basin added thé
regulated'fiows of a large area north and west of this Wash.
The construction of the McMicken Dam outlet intercepted numer-
ous washes and conveyed their flows along with those from the
Trilby Wash Detention_Basin into this small wash.

If a large flood‘had occﬁrred.under these rela-
tively new conditions, the channel would have éroded consider-
ably and broken frée of its banks to create a new'channei
capable of handling larger flows. Based upon an examination
of the topography under natural conditions,'we are convinced
that the flcod flows which would have broken free of the
channel would have inundated large portions of the then lower
lands contained in Sections 23 and 26. This break would pro-
bably have occurred at the meander which historically existed
in Section 23.°

Since the construction of the El Mirage Channel and
the accompanying subdivision, the lands in Section 23 and 26
have been raised to a point where the waters will encroach
upon the State lands in Section 24 and particularly in Sec-

tion 25 before inundating Sections 23 and 26.




| As indicated in the discussion en erosion both
from sxde drainage on the east bank and from the large pro-
longed flows which will occur in the channel durlng major
storms, the channel as constructed would be unstable and will
begin to meander 1nto the ad]acent Sections. Due to the
addltlonal elevation on the west bank it is expeeted that

a large part of this meandering would occur on the State lands

in Sections. 24 and 25. . . _ BT % il Ll i ;{;-»r
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Flooding

since the cbnstruction.of sun City West, the

west bank of the channel has, in all but a few places, a

depth of nine feet or‘more; On the east bank where the

.State Land Department's lands ére located the Paving and =
Grading Plans of HbR seem to indicate the}land surfaée is

between eight and nine feet above the El Mirage Channel.

‘There is QISQOjfoqt stretch in the southern portion where

the depth of the east bank drops to 7-1/2 feet. Near the

outlet pbrtién on the east side of the southern end of the
El Mirage Channel the depths véry from a high of 5-1/2 feet
to a low of 3-1/2 feet. The outlet itself, of course, has
no elevation above the bottom of the channel. Given the
expected depth of flow‘fér‘the.loo—year flood of 7+ feet, .
the amcunt of free board or safety margin that will exist
on the west bank will be épproximately 1-1/2 feet in most
places. On the east bank, it will vary considerably but
will drop down to less than six inches; and, in the oﬁtflow,
the channel will be overtOpped.

It should be recognized that the 13,000 cubic feet
per second, 100-year flood is a minimum standard for flood
éontroi in a heévily developed area. A more EOmmon standard
in dealing with fairly sizeable-flood flows, as in this:

case, is to use the Standard Project Flood.

A Standard Project Flood does not have a speci-.
fic flood frequency and would require a significant amount

of study to determine. However, the Standard Project Flood
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is, as a rule of thumb, on the order of magnitude,ofva“

300 to 500-year flood.

The flows that would occur from the Standard

Progect Flood would be of such volunes that the channel- ';.

. would be overtopped in many locatlons, virtually all of

them being on the east bank. The choice of whether to use

=

a 100 year flood or a Standard Project Flood is prlmarllj

an economic eh01ce, taklng lnto conelderatlon_the amount of I
development that would be affected should the flood control
structure fail. Under current development conditions, Sun

City West would suffer some minor adverse effects and the

relatively undeveloped State lands that would be badly in-

- undated. 1If the State lands are to be developed for anythlng

beeides.recreation uses, the problem of flooding would have

to be seriously examined. | |
Although a detailed study would be required to

develop a plan and assure its viability a cursory examina-

tion indicates that since the State lands east of the El erage

Channel are approximately 40 feet above the Agua Fria River

these lands could be developed into extremely valuable

" residential and/or commercial sites. As the situation now

stands, these lands have little value except as possible
locations for recreational facilities of the type which

Ainfrequent inundation would not severely damage.
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Ponding Water .

As discussed in the obsérvétions of both inspec-
tion trips, the channel as designed will,»éfter any flow,
create stagnate ponds of water throughou; the channel.
These ponds could lead to significant health hazards

If the Specifications had been followed, these
ponds would not exist. However, the outlet from the energy

___dissipator,wasmapparentlywbuilt,tpoﬁshallow and the 1éad )

{
i
|
t
|
I

edge of the energy dissipator was apparently built above
ground level. In both cases a rigid adherence to the de-

' sign Specifications would eliminate the problem.
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Downstream Damage

“and will impinge upon the State lands on the western sidefm_:m__

No protection has been given against the impact

of the waters being released from the channel oﬁto the.-

State lands in transit to the Agua Fria River. Due to the

large velocities involved, it is reasonable td'expect that

"the south bank of the turn will be subject to severe ero-

sion and that the channel will attempt to straighten itselt

-of Section 25. Heavy reinforcement and lining will be re-

quired on the southern bend to insure the integrity'of the

channel at that point.
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ENGINEERING SOLUTIONS

General

Consideration has been given to various solu-

tions to the problems created4by the channel excavated -on the

east side of Sun City West.

Basic to all of the englneerlng solutions con-—

sidered is criteria that any channel design must be capable

_ of conveying a peak flow of not less than 13,000 cfs and

must be capable'of conveying flows well in excess of 10,000

cfs for periods of longer than 10 hours.

one solution considered was to flatten the slope
or grade of the channel and thereby reduce the velocity of
the water in the El Mi:age_Channel to the extent necessary
to pfevent erosion.

Anothgr solution would be to linevthe canal

'using_alternative designé to prevent erosion.

A third possibility is to rip-rap the canal,
thereby protecting against erosion and increasing the
friction losses to reduce tﬁe velocity of the flow.

An additional alternative would be some combination
of the foregoing solutions.

Any method which involves paving sf the channel
would necessitaﬁé complicated and careful design. Essen-
tial to suqh a design is an analysis of the static and
dynamic loads which the paving would be required to with-
stand. Paving must have a substantial,foundétion or base.

Normally this requires careful compaction and/oxr ABC
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vaSwwell as reinforcing of the concrete itself. All paving

alternatives would be extremely expensive. -

In any program lining it is necessary to provide

“that the lining extend above the deSigned water depth in

order to allow some freeboard - to accomodate waves and
other unforeseen occurrences. For example, if the water

depth is determined to be slightly in excess of 9 -feet,

- the- depth of lining should be slightly-in- excess of 10 -

- feet.

In appraisihg the practicality of such a program
it is necessary to examine the plans and profiles submitted
by HDR to make sure that the east edge of the roadway is
sufficiently above the drainage channel flow line to pre-
vent overflow. For example, on Sheet #26 of 29 at Station
57 énd 25, the drainége‘channel flow line is at elevation “
1232.5. The profile grade of El1 Mirage Road is at eleva-
tion 1240 which is to say 7-1/2 feet above the drainage
channel flow line. Obviously, if a water depth of 9.2

feet were determined to be appropriate and a 1 foot free

' board adopted, it would be necessary to lower the flow line

or raise the grade of E1 Mirage Road.

In addition, the contours on’the Qest side of
the channel would have to be considered in order to insure‘
that the channel would be sufficiently deep to prevent 6ver—
flow onto the State lands which lie to the west of the ex-
cavated channel. A preliminary examination of these con-
tours indicated that such is not the case in all reaches of

the canal. For example, a typical channel section shown on
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4A ofv29 éhows in_evéry case where a dimension is given,
that the west bank is.lowef than 10 feet. Under certain of
the engineering sdlutions described in the following.parae
graphs, this depth would be inadequate. On several ofbthe
drawings, it is indicated that the east bank is lowerbthan’.
:the West bank. Careful study and design would be prerequi-
site to any engineering solution of the problem. "~
Ce e e i A major problem with flattening the grade of_the";¢«‘;;k;
drainage channel ié that as the grade decféases, the depth

of water for any given discharge in the channel necessarily
increases. If the velocity of the water is decreased so as

to prevent efosion, the cross sectional area of the water

will have to be increased to permit carriage of a fixed amount

of water. In computing the capacity of a channel the dis-

charge per unit of time is equal to the cross sectional aréa

of the channel times the &elocity of the water. Reducing

the velocities to non-erosive speeds without lining the chan-

nel would necessitate increasing the depths of water in the

channel to more than 11 feet. This would require ektensive
lowering of the channel bottom or inverts in somé portions

of the channel and raising banks in other portiohs. In some
portions_both lowering the invert and raising the banks

would be necessary.

Any type of lining must be so constructed that

water entering the canal from the side slopes will not flow
underneath the lining. The Paving and Grading Plans of HDR
illustrate this type of construciton in Detail A on Sheet 3

of 29 and Detail X on Sheet 4 of 29. These aetails provide
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that at the top of the concrete lining be extended
horizontally for 12 inches away from and at right angles to
the channel. At the end of the 12 inch hérizontal extension

there is an eight inch vertical concrete extension downward

into the embankment. This protection should also be provided

for rip-rap.
In any reaches of the channel where there is no

;gging;gp<Wh§;gbthgrembankment extends above the top of the

lining or rip-rap, collector ditches‘shodld be constructed
and periodic chutes provided to convey the water‘into the
channel. These are essential to prevent erosion of the
uﬁprotected sidé slopes. |

One modification which should be implemented along
with any design is a fence along both sides. The velocities
that are being'conveyed'ﬁnder zny of the designs would be
dangerous to ény person who might enter them. Additionally,
escape ladders should be provided to give the victim the

best change of getting out safely.
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Flattening the Unlined Channel

In the absence of lining, it would be necessary

to flatten the slope of the El Mirage Channel to reduce the

.velocities to not exceed five feet per second in order to

prevént serious and excessive erosion. To accomplish this,
it would be necessary to reduce the slope of the channel

invert to less than 0.0005. To better understand what this.

“‘means, that would represent”a slope of approximately 2-1/2

feet per mile.

As shown on the Paving and Grading Plans of HDR,
the invert elevations of the drainage channel'as it cufrently’
exists are approximately 0.004 or élighfly more fhan 21ft.
per mile. To flatten the grade of the existing channél with-
out some type of lining so that it would function without

excessive erosion would be impractical.
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Paviné the Channele Chute ConstruCtion

An alternative solution would be to line the entire
channel utilizing the existing slope of 0.004 throughout the
entire length of the existing channel, except where the
existing energy dissipator has been constructed The ex4 »
isting energy dissipator would be 1ncorporated into the |
lining, with some modification.

_This would result 1n a water velocxty of 1n excess

of 19 feet per Second and a water depth of approx1mately 3.6
feet. Water throughout the entire channel would be flowing
at what is termed super-critical velocity. Critical velo-
city is defined as that point at which the flow changes from
a tranquil flow rate state to a rapid or shooting flow rate
state. The critical welocity is that point at which the
inertizl forces of the water equal the gravitational.forces
on the water. When the inertial force exceeds the gravita-
tional force, the water decreases its depth and increases
its velocity dramatically. This is super-critical flow.

' There are numerous'problems which occur when water
is flowing at euperecritical velocities. Such water is. ex-
tremely turbuleot; and, if it contains any sand or silt, it
is highly erosiwe. Super-critical flows have a tendency to
develop standing waves, which can cause the water surface to
raise very significantly at unpredictable points in the chan-
nel. Another problem with super-critical velocities is that
when water passes from super-critical to sub-critical velo-

city, a phenomena known as a hydraulic jump occurs.
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In addition, super~critical flow presente particular problems .

. when the direction of flow is changed, such as would be the

~ precautlon and measures would have to be taken to induce the
super- crltlcal flows to turn and head toward the Agua Frla

‘River. Moreover, flows in excess of 19 feet per second

The hydraullc jump may occur 1n a shootlng channel
wherever there is an obstruction or a rapld change in cross
sectional areas. When the jump occurs, the flow changes

from shooting flow to a tranqull-flow‘hav1ng a greater.depth.

case on the lower end of the existing channel; Extreme

5

7

would be extremely hazardous in the event that any berSon
or animal‘were to fall into this flow and would probably
prove fatal. As a practical mattet, we would not recommend
a lined channel throughout the length of the existing chan-

nel.
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gy Dissipators and/or Drop Structures

Other alternatives would be to provide a series of
nergy dissipators and/or drop structures combined with a
lined section to reduce the flow velocities to sub-critical

speeds. The lining_wbuld prevent erosion and the_flétter

. grades woq;d_preventvsuper-critical flow. 1In effect, this

. would. be a stair-steppihg device. A

' If the slope of the channel between the energy dissi-
pators and/or drop structures were reduced to 0.0008, the depth
of the flow would be reduced to approximately 5.3 feet, with a

discharge of 13,000 cfs ahd a velocity of 11% feet per second.

Although this is a very rapid velocity, it could be maintained

in sub-critical flow conditions andbprOQide adequate. capacity.
Where sucﬁ dissipafors and/or drop structurés are

installed, there should be provision made to drain the standing

water out of the dissipator during times of no flow. Such prb—

visions should be made in the existing dissipator in any event.
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One additional alternative wéuld 5e to rip-rap ﬁhe n
sides and bottom of the canal. The rip-rapping would providé
a rbughér sur face for the canal and, consquently, a g:eater v e
friction loss. It is estimated that, if the channel wéré‘{}p-
‘rapped with 6-inch cobbles heid in place»by‘wirermesﬁjaﬁd‘gunite,
_the velocity could be reduced to 9-.2‘:—feet per second and the Tt
water to approximételyv 7 feet. This se>ems’ to be the moét prac-;-

tical solution.
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
' SCS METHOD: PART II

1

LOCATION DATA:

1 Highway County  Maricopa

" Location North of El Mirage Channel - Area "A"
Project No.. 890 ' - Station
Name of Stream El Mirage ‘
DESIGN DATA: : .
Design Frequency ; , 100 years
" ‘Drainage Area . - 34.28 square miles
‘Drainage Length . 31,680 feet
Elevation : :
Top of Drainage arca : 1,540 feet
At Structure 1,257 fect
Drainage Area Slope %e
Vegetative Cover Type Desert Brush
Vegetative Cover Density o 20 %
Soil Group ' 504 B - 504 C
Precipitation
P = 6 hour = 3.3 inches
P = 24 hour = 4.1 jnches
DESIGN COMPUTATION: 4 .
Curve Nummber 86
Time of Concentration 2.28 hours
Peak Design Discharge
Qp = 484AQ .
P_ + .06Tc 8967 cfs
2 -
Storm Point ~ Arcal Arcal Direct Peak

Duration Precipitation Reduction Procipitation Runoff

Discharge

! hour 2.45 ' 84.4 2.07 " .90 7994
2 hour 2.67 o 87.7 2.34 - 1.10 7707
3 hour 2.85 92.3 2.63 1.55 8967
6 hour 3.30 94.3 3.11 1.77 6723
Computed t;y: Date



" ARIZONA HIGHWAY DEPARTMENT

LOCATION DATA:
Highway

BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
SCS METHOD: PART 11

County

Location

Maricopa

North of El Mirage Channel - Area "B"

Project No.

890 - Station

Name of Stream__E1l Mirage

DESIGN DATA:
Design Freque

years

ncy ' 100

Drainage Arca N __56.25 square miles
"7 Drainage Length =~ T 84,480 feet
Elevation : :
Top of Drainage area 4,200 feet
At Structure 1,540 feet
Drainage Area Slope %
Vegetative Cover Type : Desert Brush
Vegetative Cover Density ‘ 20 %
Soil Group 75% D -~ 25% B
Precipitation ‘
P = 6 hour = 3.3 inches
‘P =24 hour = ' 4.1 inches
DESIGN COMPUTATION:
Curve Number 89
Time of Concentration 3.00 hours
Peak Design Discharge
Qp = 484AQ .
D+ .6Tc 12,622 cfs
2
Storm Point -~ . Areal Arcal Direct = Peak
Duration Precipitation Reduction Precipitation Runoff Discharge
1 hour 2.45 78.5 1.92 -99 11719
2 hour 2.67 83.5 2.23 1.25 12154
3 hour 2.85 89.0 2.54 1.53 12622
6 hour 3.30 92.0 3.04 1.96 11117
Computed by: Date




LOCATION DATA:

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

IIYDROLOGIC DESIGN DATA SHEET
SCS METHOD: PART II

‘ Highway ’Ci)unt_y Maricopa
| Location Trilby Wash - Area C
| l Project No. 890 Station
‘ Name of Stream Trilby Wash
' l DESIGN DATA: )
o . Design Frequency v 100 years |
'@ ... Drainage Area e .. 91.37 square miles.
l Drainage Length 52,800 feet
S Elevation ' :
I ' Top of Drainage area 1,800 feet
| , At Structure 1,350 feet
Drainage Area Slope %o
l Vegetative Cover Type Desert Brush ’
Vegetative Cover Density . , 20 Te
Soil Group 50% B - 25% D =~ 25% C
I Precipitation :
. P = 6 hour = 3.3 inches -
E P =24 hour = 4.1 inches
' ‘ DESIGN COMPUTATION:
Curve Number 86
l Time of Concentration 3.44 hours
Peak Design Discharge
4 Qp = 484AQ -
I - D+ .6Tc 114518 cfs
2
l Storm Point. " Areal Areal Direct Peak
@ Duration Precipitation Reduction Precipitation Runoff Discharge
l 1 hour 2.45 | 72.8 1.78 .69 11901
l 2 hour 2.67 ‘ 79.0 2.11 - .92 13278
| 3 hour 2.85 85.0 2.42 1.17 14518
I 6 hour 3.30 89.3 +2.95 1.60 13973
l Computed by: Date




ARIZONA HIGHWAY DEPARTMENT
' BRIDGE DIVISION ’

11YDROLOGIC DESIGN DA'TA SHEET
"~ SCS METHOD: PART II

LLOCATION DATA: s S
Highway ' . County  Maricopa

L.ocation Trilby Wash -  Area D .
Project No. 890 Station ’

Name of Stream Trilby Wash

DESIGN DATA: B o SR
Design Frequency : " - ... 1oo0 years

} Drainage Arca : : 137.93 square miles
| R " Drainage Length I 97,680 feet ‘
" Elevation L T B
Top of Drainage area , ‘ 4,200 feet
At Structurc 1,500 feet
Drainage Area Slope o,
Vegetative Cover Type " Desert Brush
Vegetative Cover Density ’ o 20 %
Soil Group 90% B = 10% D
Precipitation , s o
P = 6 hour = . 3.3 inches
P = 24 hour = _ : . 4.1 inches

4
| |
i
|
|
i |
|
1
i
i
1
1

DESIGN COMPUTATION: T » v S
Curve Number 84

Time of Concentration ‘ 3.53 hours
Peak Design Discharge
Qp = 484AQ - :
ST D+ .0Tc. , ' 18452  cfs
2
Storm Point " - Arecal Arcal Direct Peak
Duration Precipitation Reduction Precipitation  Runoff Discharge
l hour 2.45 ‘ ~69.2 1.70 .53 13,515
2 hour 2.67 _75.6 2.02 .73 15,630
3 hour 2.85 82.0 2.34 1.00 18,452
6 hour 3.30 87.0 2.87 1.40 18,261
... Computed by: ' Date
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