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WHITE TANKS #3 AND #4

- BACKGROUND

The White Tanks drainage area includes the easterly watershed of the
White Tanks Mountains and the northerly Trilby Wash Watershed.
McMicken Dam (Initially designed as White Tanks Units #1 and #2 but
later designed and constructed by the Army Corps of Engineers), was
constructed to collect runoff from the 223 sq. mi. Trilby Wash
Watershed. White Tanks #3 and #4 were built to collact the runoff
from 24 sq. mi. and 10 sq. mi. watershed areas, respectlvely, of the
easterly portion of the watershed : L

McMicken Dam was constructed in 1955 by the Corps of Engineers and
remains under the purview of the Maricopa County Flood Control
District and the Corps. Accordingly, McMicken Dam is not included in
this report, we are addressing White Tanks Dams #3 and #&4 only.

White Tanks #3 and #4 were designed and constructed by the Soil
Conservation Service (SCS) in 1954. Their purpose was to protect
farmland and irrigation facilities which had sustained severe storm
damage. 1A detailed engineering report of the proposed projects dated
2/27/53, is in Appendix 1.

A. Sponsors

The sponsor for White Tanks #3 and #4 at the time of planning and
installation was the Rqua Fria Soil Conservation District. The
SCD participated in accordance with the work plan prepared by
SCS, dated April 1954 (see Appendix 2). Pleass note that the
work plan was prepared under authority of the Soil Conservation
Aet of 1935 (Public Law No. 46, 74th Congress).

'With the construction plans completed and landrights acquired,
the sponsors awaited an opportunity for funds to construct the
dams while the work plan was being formalized. In the spring of
1953 the 83rd Congress passed the Pilot Watershed Protection
Program. This became the resource for funds and in February 1954
a contract for construction was awarded. The construction was
completed by July 1954. We understand this was the first Pilot
Project completed in the Nation.
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B. Construction Cost

The construction of structures #3 and #4 was accomplished under a
construction contract for $163,334. The Condensed Cost Summary,
prepared following installation of the projects is found in Table
1 - Appendix 3. The table shows the total project cost to be
$395,145. The engineering and other cost information are also
provided.

C. O&M Agreements

Annual operation and maintenance costs were paid by the Agua Fria
SCD. At the time of construction an agreement was formed between
Bgua Fria SCD and the Maricopa County Municipal Water
Conservation District Number One (Beardsly Project) wherein the
Water Conservation District would perform the annual O&M works
and receive an annual payment from Agua Fria SCD. (See Appendix
4.)

In 1966 the responsibility for O&M shifted to the Flood Control
District of Maricopa County (FCDMC) which in turn also paid The
Beardsly Project to perform the work in accordance with their
. agreement. The agreement was terminated on June 30, 1975 and the
FCDMC has since performed all routine O&M activities.

D. Project Life

The amortized life of the structure was 50 vears. The benefit-
cost ratio was estimated to be 1.7 to 1 (see Table 1 - Appendix
3). Please note however that the reservoir was designed to
contain the 100 year frequency storm to the emergency spillway
slevation.

ORIGINAL DESIGN .. ——— -

The planning and design of structures #3 and #4 were performed by
SCS in October 1952. Those records are no longer available. From
Table 1 - Appendix 3 the designed spillway capacities were 11,750 cfs
and 4400 cfs, respectively, and the reservoir capacities 2655 AF and
1036AF, respectively for structures 3 and 4. These capacities are
based on the following design elevations:

- Dam_#3 Dam_ #4
Dam Crest Elevation 1216 1056
Max Water Surface Elesvation 1213 1053

Spillway Elevation 1210 1050



A. | 1983 Review of Structure #3 Hydrologic Study

In 1983 the FCDMC reviewed a 1981 study prepared by Ertec
Western, Inc. The study showed that the Probable Maximum Flood
(PMF) would result in overtopping of the dam by 1.12 feet if the
reservoir was initially full, or 1.01 feet if the reservoir was
initially empty. The structure would not be overtopped by a one-
half PMF. The study was based on the original design elevatlons
of the structure (see Appendix 5). ‘

B. 1983 Hvdrologit Study of Structure ¥4

The FCDMC prepared a preliminary study in 1983 which showed .
Structure #4 would be overtopped by the PMF. It also showed that
a one-half PMF could overtop the dam by 0.34 foot if the dam's
reservoir was initially full (see Appendix 5). The study was
based on original as-built structure elevations. The Arizona
Department of Water Resources - Dam Safety Branch has classified
this structure as unsafe due to the questlonable spillway
adequacy.

C. 1955 Photos

Copies of photos taken in 1955 show the structures and vicinity'
shortly after construction in 1954 (see Appendix 6).

ITI. 1982 REPAIR PROJECT

In 1979 an SCS Crack Study Team conducted an investigation and
prepared a report on "Cracking of Dams in Arizomna". Their work found

__that White Tanks #3 and #4 had sustained extensive cracking and they
proposed further investigation. _

In 1979 Furgo, Inc., Consulting Engineers and Geologists were retained
by SCS to perform a "Crack Location Investigation" on several cracked
embankments that included White Tanks Structures #3 and #4. Both dams
were found to have severe and extensive cracking. Corrective measures
were proposed.

Corrective measures were designed that included excavating a v
centerline trench and eradicating the larger cracks found. A contract

- for the repairs to both #3 and #4 was completed in 1982, at a cost of
$709,066. White Tanks #3 repair included the breach of approximately
400 feet of dam and replacement with new materials, including a
vertical filter.
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CURRENT CONDITIONS

The vicinity easterly and southerly of the dams has long been in
intensive cultivation with irrigation by use of groundwater.

Long term pumping has caused mining of the resource and steady
lowering of groundwater levels, resulting in general subsidence
of the sarth surface above the aquifer system. The constructed
Central Arizona Project (CAP) has supplemented the Arizona water
supply such that the amount of ground water withdrawal is greatly
reduced. However, the area subsidence is still continuing at a

1. Effect on Structure #3

When Structure #3 was repaired in 1982 it was discovered
that the crest of the dam had declined in elevation.
Subsidence monuments were installed in 1984 to monitor .
further decline. Several surveys have since been conducted
along the crest.

A centerline survey with elevation readings at 100 feet
intervals was conducted in 1990. It was confirmed that the
northerly end of the dam had subsided up to 4.4 feet since
1954, The southerly end had almost negligible subsidence.
The differential subsidence was attributed to the northerly
end being located over the dewatered aquifer while the
southerly end was near or over bedrock. Hydrologic analyses
of the dam have all been based on the original crest
elevation of 1216 fest and at that elevation the dam could
safely withstand approximately the 0.6 PMF. However, with
the actual minimum crest elevation around 1211.6 feet the
dam can be expected to fail under a much less intense storm.

2. Effect on Structure #4

Structure #4 was constructed with a crest elevation of 1056
feet. The most recent survey of the seven subsidence
monuments along the dam centerline showed the lowest
monument to have an elevation of 1054.791 feet. The average
crest elevation is about 0.6 feet below the design level.

Aa. Area Subsidence
reduced rate.
B. Dam Breach Study

A "Dam Breach Study" was performed by AGK Engineering, Inc., in
January 1991 under contract with FCDMC. The study considered dam
breaks at three locations on each dam. The design flows were one

-4-
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PMF and one-half PMF for structure #3 and ¥4, respectively, as
directed by ADWR and FCDMC. The results are summarized below:

white Tanks White Tanks
Description FRS No.3 FRS No. &
Size Designation Medium Small
Hazard Designation High High
"Design Inflow Magnitude PMF 1/2 PMF
Peak Design Inflow (CFS) 41,554 22,820
Spillway Crest Elevation 1209.0 1048.5

1. Dam_ #3 Results

Highlights of the results are shown in Table.1 of Appendix
7. Included are velocities and water depths at the
following major public facilities along the path of the
flood: Perryville Prison, Interstate Highway 10, Roosevelt
Canal, Southern Pacific Railroad.

Not addressed in the table are the heavy damages which would
be caused to the Town of Goodyear, the trotting park,
agricultural lands and roads along the way, as well as
individual dwellings. Boundaries of the path are shown on
the enclosed maps of the downstream area.

2. Dam #4 Results

Highlights of the results are shown in Table 2 of Appendix
7. Included are velocities and water depths at the
following major facilities along the path of the flood:
Roosevelt Canal, Southern Pacific Railroad, and the Town of
Liberty.

Not addressed in the table are damages which would be caused
to agricultural lands, roads and individual dewellings.

V. IMPROVEMENTS RFQUIRED

A. Structure #3

The condition of Structure #3, wherein the dam crest has subsided
as much as 4.4 feet, presents a serious threat to downstream
development. Improvements are needed to enable the dam to
withstand the full PMF. The following are items which should be
included in design considerations:

1. Raise the dam crest to the elevation required to pass the
full PMF without failure.

_5_. .
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2. Enlarge the emergency spillway to pass the required design
flow through the structure. Note, a mechanical spillway may
be required due to the highly erosive soils present at the
site. .

3. Raise the height of the crest elevatlon to accommodate
future subsidence.

4. Extend the dam as needed for catch point to reach the
elevation of top of crest.

5. Provide gravel surface to embankment slopes to prevent
rilling, gullying, and crack protection.

~ Structure #4

Structure #4 has been little affected by subsidence. Howevér,

there is some settlement of the crest of the dam which causes a
0.34 foot overflow of crest by the, one-half PMF. The crest of .
the dam needs to be raised to a uniform elevation to allow the . =
freeboard storm to pass safely through the emergency spillways
without overtopping.

Estimated Cost .

Preliminary estimates of repair works were prepared for budgetary
purposes. The cost estimate to make structure #3 safe under a
full PMF design flow is much greater than that required to
upgrade Structure #4 to withstand a one-half PMF flow. The costs
for Structure #3 include raising the dam crest, and constructing
a reinforced concrete spillway structure. The estimates are as
follows: :

e A TR - - - FA

Design Inspection -
Structure #3 $210,000 $300,000 $2,000,000
Structure #& ‘ 10,000 10,000 30,000
Totals $220,000 - $310,000 $2,030,000
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DETAILED RWGINEERING REPORT
White Tanks Brosion Comtrol Project

rho higtory of the White Tanks Erosion Comtrol Project is se well lmom
to all persomnel, both in the State and Regional Offises, that a brief
summary should suffiee for the enginsering narrative.

The White Tanks aree ineludes the Trnby Nash Watershed sad the east
watershed of the White Tanks Mowumtains in Marioope Cownty, Arizona.
Runoff from the storme originmating in the upper watershed has saused
oxtensive damage to irrigated lands, highways, railrosds, armed foross
installations snd other publie and private propertye Intersst has besen
astive for many years in the oconstruction of some type of works to '
alleviate this damsge, but wmtil the severe floods of 1961 the 'ux'iou
EIoups eoncerned eould never sgree oa & eomprehensive plan.

The Agus Fria 30il Conservation Distriet, whish ineludes all of the
irrigated lands in the White Tamks ares, was organiszed in 1946,
Comneneing in 1946, at the request of the Agua Fria Soll Comservation
Digtriet, -Service techniocians degan work on the development of a plan
" for the protection of the farm land and irrigation faoilities., In 1947
_the design of one detention strusture was completed snd submitted to
the Agus Fris Soil Conservation District, but no construetion ‘was under-
takan because of financing diffieulties.

Severe damege resulted from a storm in Jmnry, 1951, and agitation fdr
Frotosticn beoams sotives Additional storms during July and August of
1951 emphasised the necessity for immediate construstion of sdequate
protection works. A bage line was established fraom & point about one-
half mile morthwest of the Beardsley Canal, snd permanent points were
- set approximmtely every 500 feete 4ll pertinent items in the struetures
as desizned are referred to the permanent points previously mentioned. -
graphic mapping of a strip approximately 4,000 fest in width and
miles in length was started during August, 1561, and completed late .
in December, After a shorough study of the base map snd consideradle === == .
field reconnsissance, it was decided that a system of four detentionm
dams with oontrolled outlets or "bleeders" eould adequately eontrol
I runoffe The struetures have beem located so that the flow from the
watershed will yun directly into the reservoirse. This provides for a
P minimum use of training dikes and channels and decrvases the maintanance
°l preblem ocmidonhly.

Strustures Numbers 1 and 2 have been designed to funotion as a umite.

b A large outlet has beem provided to discharge stored water from Number
l 1 to Jumber 2, in order to wtilise the maximm eapacity of the wmain

_ eanal and all latersls in eveemiing both reservoirs in a minimum

L " length of times Because of the interdependenoce of these wwo ltmoturu. v
l they should be eonstrueted as & unite The osutlets or “bleeders” will

: be sliding hesdgates snd speeially treated sorrugsted metal pipee They

will disaharge stored water direetly into the main Beardsley Canal for

- | . .



Detailed peering Re - White Tunks

l distribution into the laterals and mw:. In case of large storms sand
inoreased runcff, additional “bleeders™ will discharge small quantities
over the present condrete siphons and into estadlished shannels.

l No structures are to be built between laterals 8} snd 103, ?hoxrrigaﬁon
Distriet has agreed %0 strengthen a dike presently located just west of

l the Beardsley Canal, and in this train runoff into Strueture Fumber

: Se The present overshot at lateral will eonseguently he bloaked.

Strueture ¥uxber 4 is located at the extreme southern end of the project
and is the smallest of the seriese After thorough field reeonnalissanse,
it was decided that with mimor modifications in the preseatly existing
struotures on the Caterpillear proving grownds that they oould easily be
inoorporated into the overall plan. It was on this basis that the duin
for Strusture Kumber 4 was made,

l Agreement exists between the Irrigatiom Distriect and the Agus Fria Boil
Conservation Distriet for the operstior snd mintenanse of the structures
after they have been completed, KNeosssary water distribution plans will
B _ be made and personnel will be trained in the operation of the sonmtrel” -
l gatese Both the Agua Fris Soil Conservation District and the Irrigation
District have given sgsurances that the reservoirs will always de

evacuated in the shortest possidle time and that water will aom be
( mrcd for irrigation purpcses.

,@W%M

Engineering 8pecialist
February 27, 15863
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WHITE TANMK WATERSHED PROTECTION FROJECT
Agua Frie River Watershed
Marioopa County, Arizona

Participating Agencies

Agua Fria Soil Conservation Distriot
Marioops County Munioipal Water Conservation District
Soil Conservation Service, USDA

Prepared by
Soil Conservation Service
United States Department of Agrioulture
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WORK PIAN
WHITE TANK WATERSHED PROTECTION FROJECT
AGUA FRIA RIVER WATERSHED
MARICOPA COUNTY, ARIZONA.

INTRODUCTION

Authority - The Federal partiocipation outlined in this work
plan is expested to be performed under the suthority of the Soil
Conservation Act of 1986 (Public Law Noe. 46 74th Congress) and
other authorities of the national programs of oonéernedbagenpieé5

Purpose and Socope of the Plan - The purpose of this plan is

to state speoifioaliy the practices and measures requireﬁ and
feasible and how they will be cerried out to Athevv the ma;gmum
practic#ble reduction of erosion, floodwater and sediment
damages. Application of this mutually developed plan ﬁili pro=
vide protection and improvement of land and water resources which

it has been agreed can be undertaken at this time with the combined

facilities of local interests, Stg#qrgnd ?ederal agenocies. Upon

completion and continued maintenance of the measures set forth in
this plan, agrioultural production will be sustained at a level
ocorresponding to the capability of the land, and the welfare of the

landowners and operators, the commnity, and State and the Nation

" will be promoted thereby. The area in the subwatershed is entirely

in Maricopa County and contains 59,136 acres, or 92,4 square miles.
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SUMMARY OF PLAN , :

‘This plan is’ a oombznation of land freatment practioces and
measures used for the oonse;§at¥on of water and watershed lands which
contribute direotly to flood prevention, and of measures primerily
for flood prevention. The works of improvement as listad’in combined
Tables 1 and 2 are bl%nned to be completed entirely during calendar
yoar 1954, at an estimated total cost of-8411;575; said ocost to be
shared $218,287, by the non-Federal int;featd.and $195,088 by the
Federal Gorprnmant. These estimates 1ncludebfhe curréht costs of
local interests and Federal agsnoies under the going national proe
grams pertaining to the objectives of this plane’

" The Agua Fria Soil Conservation Distriot hereafter referred to
as the "Distriet" will assume overall responsibiiiéypfér future
operation and maintenanoce of this projéct. This District has arresnged
with the Maricopa County Municipal Water Conservation Distrioct #1
(Locally known and hereinafter referred to as the Beardsley Project)

an irrigation distriot organized under laws of Arizona to assume

sfeoifio ré;éﬁhsibility for overall periodioc inspectibn of the

measures primarily for flood prevention and for maintenance of the
floodwater retarding structures and directly associated measures at
an estimated annual cost of $3,750.

Comparison of Benefit and Cost - When the works of improvement

are applied and operating at full effectivensss, the ratio of the
estimated average annual benefit ($35,350) to the estimated average

annual value of the cost $20,860 is 1.7 to 1 based on ourrent price

loevels for costs and long term prices for benefits,
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DESCRIPTION OF THE WATERSHED PROTECTION PROJECT AREA

The White Tank Mountains generally form the western édge of the

Agua Fria River liatershed near its oonfluence with the Gila River,
”Drainage from the eastern face of the White -Tank Mountains is divided
between Trilby Wash on the north, tributary to the Ague Fria River,
and an intermittent stream loocally known as Avondale Wash, tQibutary
to thg Gila River on the south. It is this southern portion of fhe
White Tank Mbuntaiﬁ‘draipage area that comprises the subwatershed area

covered by this pian. The watershed has a gross area of 59,136 acres,

drainage area and flood source. The remaining 34,112 acres are '

i
i
i
i
I of which 25,024 acres ere mountain and foothill slopes comprising the
i | os are
intensively irrigated land lying.on a.broad, gently aloping alluvial
I fan and terrace whioh have an average slope.to the southeast of abéut
0.4 percent, Channels are very poorly defined or even non-e:ﬁistent
' through the cultivated sreas, meking the construstion of floodways
I _ through the farmland to.the Gila River impractical,

Following the disastrous floods of 1951, the Ague Fria Soil Conser-
vation Distriot with the technical assistance of the Soil Conservation
Service prepared plans designed to. reduce the damages oaused‘ by flash
runoffs from the White Tank - Trilby Wash watersheds. Construction

of & series of four primary.detention structures numbered (1) to (4)

regspectively were planned, near- the mouths of Trilby and Avondale

1

i

1

I Washes.t. Damage to military and national defense installations in the
area, however, led to the initiation by the Corps of Eagineers of plans

I for 'the protection of these installations,. from water originating in \‘

l the Iriiby fiash drainage. These plans of.the Corps of &giﬁeers also

protect the irrigated lands from floods.:from Trilby Viash so no further
I EENIGNNNNN———————
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consideration was given by the Soil Conservation Servioe for struotures
(1) and (2) of their original plan.'

The Avondale Wash watershed has no proteotlon and therefore
active interest in watershed protection has been mainta.ned in thls
srea, The necessity for structures 3 and 4 remmins, if adequate pro-
tection fo.farﬁ lands is to be obtained; Sinoce ehe numerioal‘designa-
tion has become recognized through usage,.iffhas been reteined
throughout this report. Costs of original .planning on these four
structures have beenbproratedjand thpse.applying‘to-stfuotufel 3 and 4
are charged as a portion of the engineering eosts insident to this plane

The eoils of the aree comprise recent qllufial'soils elong the |
Gila River, the moderetely developed fan soils .of ‘the 1ntermed1ate

slopes and the shallow soil materials and rocks in. the White Tank

Mounteinse. The soils of the intermediate- slopes, including the bulk

of the cultivated lands, are mnderately deep, dosp or very deep,
calcareous, moderately developed fan spils. They are derived prineipal-
ly from granites and schists.

Soils derived from these parent materials-compaot badly as a rule

_and a5 & result water penetrates slowly and they are highly susceptible

to erosion. The organic matter content is low but the general fertility
level is good with the possible exception of nitrogene
The soils of the area have been classified according to their

permanent limitations and haza;ds“into,fi#e capability classess The

non-arable lands fall into olasses VI, VII and VIII, whereas the

cultivated lands fall into classes I and Il. See Map 2. Irrigation
is reguired for successful orop production. Water for irrigation ie

available and exceptionally high orop yieids are obtaineds
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Class I lands are produotive farmilands with very few or no perma%
nent hazards or limitationss . These lands are subject to a moderate =
overflow hazard at the present time. The pr§pgsod program will greatly -
reduce this hazard., Class II lands héva a feﬁ recognized limitations

and under the conservation farming being practioced in this area safe

end continuing production is assurede The limitation which places these -

lands in Class II 18 the greater slope whioh oreates an erosioa hazard.

- land leveling and adjﬁgtmsnt of length of irrigation runs keep ercsion

at a minimum. Class II lands are also subjeot to & moderate overflow

_hazard whioh'ﬁill be greatly reduced by this projeét workse, Good land

management, including tha'use of £ertilizers;and c:op rotations to
improve soil structure, is essén&iai to keep the soilé of both classes
I and II produotifé. |

Class VI lands consist of‘deaert bottqm intarming1ed with roliing
desert plaine The soils ;ro medium textured andisubjeefﬁto gﬁl;ying
when the vegetative cover is depleted. The AOminant olimax‘#ogatation
is saocaton and big galletas ClasswVI'iands have moderate rates of
runoffe

-Class VII laﬁds'consist of medium Sexturad soils of varyirg depth
with plane to ;iightly rolling topography. The olimax vegetation is
mixed desert grass and shrub. .Class Vii lanﬁé have high rates of runoff

The uppor portion of the watershed ié.mapped es desert mountains

and includss capability cleasses VII and VIII. These lands consist of

~ bare rﬁck or rough, stony, mostly shallow scilse Vegetation consists

of desert shrubs such as encelia, bursage;_oactus cholls, lyoium,
mariola and g?ééses such as bueh muhly, tobosa, Arizona Cotton grass

and black grama. Runoff rates are vory high. Infiltration rates for
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olasses VI, VII and VIII vary f}om +10 inches per hour on the less

| I . permeable shallow soils to ;60 ;nohes per hour for the desert bottoms.

z S;dimant production rates are relatively low in this area.

I The elevation of the vrateréhed varies from about 950 feet above
sea level at its oonfluence with the Gila River to 3,500 fggt at the

l crest of the White Tank Mountains. Mean temperatures range from 50

I degrees Fahrenheit in winter to 91 degrees in gsummer, with recorded
extrems temperatureﬁ ranging from a low of 17 degrees to a high of

l 117 degrees, The average dafe of the last killipg' fros_ti is March 3
and that of the first killing frost is November 22, or a normal frost

l free period of 264 days. The mean annual preoiéitation is 8404 inoches,

'j'""'| which generally occurs in two well deﬁned‘ rainy seasons. The winter

rainy season usually extends through December, January and February,

while the summer seasori ‘includes vJuly,and August and early Sep‘l;ember.
During the summer flood season the damage potential is very high due
to the fact that orops, especially cotton which is fhe staple orop in
the area, are verj‘susoep’cible to damages In contrast, during the
winter flood season the value of crops is much lower, Most of the
cotton has been harvested at this time. and rthe growing crops consist

of alfalfa, small grain and a small aocreage of winter vegetables. Off=-

extent, is the higher damage that land sustains due to the fact that
it is not so well protscted. Other direect flood damages are not usually
~affected by the season in which the flood occurs,
The range land in the upper, mountainous part of this watershed
has sparse vegetation of the desert grassland type. Forage production
is low end generally grazing occurs only after periods of unusually

- l ' setting the lower orop values during the winter rainy season, to some

high precipitation. Because of the low precipitation, diffioculty of




access, and scarce watering fac;}ities, grazing use has not significar
ly affected the vegetative co%gr in the upper portion of this water-
shed, |

The oultivated.land is highly productive under irrigation and is
intensively farmed with cotton being the principal ocash crop. Aifalfa
barley and various varieties of sorghums ere the prinecipal feea crops:,
Some winter vegetables are grown on the less calcareousvsoils. ‘Doublg
oropping is practiced to some extent, but not to the degree found in
the Salt River Valley to the east. Farm units vary from small family=
size farms of forty to eightykaofes to large oomméroial'farms'éovqriﬁg L
several thousend acres. The value qf‘ofop produbtion in the waﬁersﬁaé
is estimated at seven million dollars annually. s

The White Tank Watershed includes parts of three soil conservation\;

distriots, the Agua Fria, Roosevelt and Buckeye. Because of the nature . -~

‘of the enabling legislation prior to an amendment adopfed by thquegis~
lature in 1954 soil conservation distriots ip Arizona are limited fo |
areas used primarily for ocrop production. The non-arable flood pro=
ducing portion of the watershed is, therefore, not included within
the boundaries of any distriot. The Agua Fria Soil Conservation - - -
district sponsored this project as major structures and prinoipai
damage ereas are in this distriot.

Approximately 53 percent of the land in the watershed is privately
owneds Ownership of the remainder is about equally divided between the
State of Arizona and the Fede}ai‘Govarnmsnt. The Federal land is all
inocluded in Arizona Graziﬁg District Number 3 and is administered by
the Bureaﬁ of land Maﬁﬁé;.;ent. Most of the high runoff produoing

portion of the watershed ia'publicly owned, whereas the flood plain is
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privately ownea.- See hhp Se
?he>watershed is adequately served by a network of oéugty‘ééadél ks
aggregating 62 miies. ‘U, S. Highway No. 80 orosses the lower portion
of the flogdlpl;in for a distance of four miles. Draih#ée ways are
poorly defined or mon-existent in the £100d plain, Bo déséruot;oﬁ of
bridgegvdéeq not oanatitute an important part of highway demege. Ths
Southern Pacifis railroed orosses the lower portiom of the flood piﬁing

gonerally paralleling Us S, Highway No. 80. In addition, the Santa Fe

| Railway has a branch line from Ennis extending about 2%'mdlesﬁinto'the

flood plain from the north. Pbrtipns‘of the supply carals of‘the Baards-
ley, Roosevelt, Goodyear and Buckeye Irrigation Districfs lie within

the flood plain.. All are subjeot to damage by fio;d;. Maﬁy'ﬁiles of
farm laterals serve the farm land in tha.watérshgd. '

There a?é no indorporated towns within the watershede Phoenix,
within 20 miles of the watershed, is the trade center for this part of
Arizona. The small unincorporated villages of Lderty and Perryville
are'in“the lower end of the watershed. Cotton gins are looated at various
plaoeqltﬁrough;ut the ferming areas Tha Caterpillar Tractor Company has
& proving ground for testing various types of;oérﬁh moving equipment

near the central part of the watershed.

FI00D _AND EROSION PROBLEMS AND DAMAGES

Storm runoff from the White Tank Mountains and intervening foothill

areas strike the Beardsley Canal at the western edge of the flood plaine

Siphons have.been installed along this canal at netural drainageways so

that floodwater may pass over without damage. Howecver, past experience

has shown that these siphons are inadéquafe both as to capacity or number




-9-

to handle anything but small flowss Occesiocnally even small flows
damage the canal because aggradation causes shifts in the channels
above the canal and floodwater may strike a section of the oanal
where there is no siphone After the water passes over the Beardsley
Canal it tends to spread out becauss of th; flat terrain and absence
of defined channels. This sheet flow is, however, modified by roeds
and irrigation ditches which tend to conocentrate the water until
sufficient volume is attained-to c;u;e it to break'ﬁver_into adjoining
fieldse Improved:rcads have eroded in some cases to depths of 3 to

4 feste Ponding usually oécufs.ih the lower ends of fiooded‘fields
until water over=-tops aﬁd breaéhés the irrigationilaterai that has
caused the ponding., Other obstruetions such as railroad grades or
flood dikes may shift the area of overflow but seldom reduée it.
Attempts to control floodwater, onoe it hes crossed the Beardsley
Canal, kave not been suscessful. Farm property incurs the greétest
damage of any type of property within the flocd plain. Crop ylelds
are reduced by scouring of soil from the plant roots, ponding and
scalding due to high temperatures. Irrigation furrows and field
laterals may be so bedly damaged late in the irrigation season that it
is not possible to make the final irrigatibn needed to develop a
profitable yield, In many cases where land damage is severs the land
cannot be cultivated until it has been releveleds Growing alfalfa
‘usually is not seriously damaged, but hay thﬁt has been ocut is &
complete losse lLand damage is greatest where water oconcentrates end
flows with considerable velocity es it does below breaks in irrigation
laterals, road fills, 6r other obstructions and where there is no

protective cover from growing crops or crop stubbles
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Farm irrigation systems are damaged by even relatively small floods.

:Earthen ditohes generally require rebuilding after a flood, and the ocase

of aitches formed above the ground surface considg;ablé dirt has to be
hauled in to build a new ditch. Concrete lined ditchaes generally
withsténd small floods, but scouring of the soil away from the lining
causes structural failqres that are expensive to repair. Occasionally -
pump motors are fouled by sediment and have to be repaired before thay
can be uSed. In a few cases, irrigation wells h;ve_caved in and have
been abandoned. Farm improvements are frequentl& damaged, though not

seriously because water does not attain great depths. Farm machinery

. is demaged if the water reached sufficient depth to deposit hud on

mbving partse Stored crops and supplies sustain damages.v The lowér
tiers of stacked baled hay that are flooded usually rot and this also
rquires the rebuilding of the stacks ,

| _Fléod flcws from the upper watershed first strike the Bea;dsley
Canallwith sufficisnt force to breach it in many places., Larger floods
also damage other canals, Siphons and unloaders to spill floodwater
that géts into canals have been installed,Abpt thssgnmeasures have been

of only minor bsnefit. The floods of 1951 bresched canals in many places

"and tore out many sections of canal lining, ruined two irrigation wells

and washed out training dikes. In some places the canal embankments
have been washed out so many times that it is becoming inoreasingly
difficult to securs earth within reasonable distances to patch them.

The Beardsley Distriot has been forced to defer replacing some canal

" lining until the flood hazard is reduced except where the canal gradien® Cae

" is so steep that lining is necessary to prevent damaging erosions As

a result, water losses from seepage have insreased. County rosds are
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very susceptible to damege by floodwater. This is due primarily to
two reasonss first, road beds have eroded below ground level and now
servé B;S'Oha.nnelw;ys, and second, the location of irrigétion la;terals
on the dovmstreﬁm _si_d_e of east and west roads provide a natural
’ ba.r‘rierv t_q prevent ngppr from drgiq;ng off the rdad. As a result,
most roé.d.s ;&re(sub-standard and untili_suoh time as the flood hazard
1s reduoed permnent road improvemsnts ere not practicables
Railroads in the flood plaln experienoe some damage in each floode.
The principal damage is loss of ballast where floodwaters over-top
_. the rogdqu. Occ_gsiona.lly', the roadbed is washed out and requires
majo; r;pair ygork before trains can again move over 'tl;xe li‘né.‘
Daﬁzag'e to power .and. telephone . lines is usﬁally limited' to under=-
mining 8 few poles, thereby neoeasi‘bating resetting or straightening.
‘The oost assooiated with this type of dama.ge in this area is oompara-
Atively_ gmall.
| “'The'true .value of property subject to damage in the flood plain
is estimated at $23,900, 000, distributed as follows (1951 prices):
o Agrioultural o o o o o o o s . $22,110,000400
: - Irrigation Works « « o ¢ ¢ « o 1,320,000,00
T ' Transportation Facilities s « 4 _370,000.00
) Rural Non=Farm « « « ¢« o« ¢ ¢ » o 100,000.00
Flood reoords of the past 25 years indioate thet demaging floods ocour
" cnoe in two years on the average. Aaélyéis' oflhigh inteﬁsity storms
and examination of past flood records show that fully 85 percent of
the floods can be expected durirg the summer months when orops are
most susceptible to damage. The most damaging recent flood year was

1951 when floods in January, July and two in Auguest ocourrede The

flood of August 28, 1951, caused direot damsze of more than $200,000,
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‘The total érimary direct floodwater d#mage is estimated to average
$28,220 annually, of which 47 percent is orop dama.ge. Aboﬁé Ziﬁbercent
is irrigation system damage inoluding fgrm laterals, 15 peroéﬁt is land
demage and the remainder consists of damage to transportaﬁion faéilities
and farm improvements. None of this floodwater damage o;curs in the
area whioch will ba‘inunéated by proposed detention §truotﬁres. These
figures afd based on all floods up to and inc;uding t#ose of iDé-&ear
frequendy. In addition, there aré:important indirect p;imar&udamages
such as the reduction in crop yields arisipg‘from inteiruptioﬁ of
irrigation sohedgles,'travel interrupfions or detouring costs, losses
of inoome to coﬁton gins and redﬁction of incoms to cotton workerss

The estimated annual value of these indireot primary damages is $7,000.

' See Table 4.

Erosion Damage - Soil erosion, exclusive of flood plain scour, is

a factor only on the upper desert :portion of the watersheds In this

part of the watershed sheet erosion has progressed to the point where

the soil surface consists principally of desert pavement., Gully erosion

_is oonfined chiefly to the rough mounﬁaihpus part of the watershed anva '

the alluvial outwash at the base 6f'qhe mountains. -Because of watershed
characteristiocs, it is not considered fessible to apply a program
designed primarily to reduce the present rate of srosion. There is

little likelihood that the present rate of erosion will change under

"existing use and management practices. Erosion damage of watershed

land has not been evaluated for the reason that erosiom has not
seriously iﬁpaired the productivity of these lands, and it is apparent

that a program which would significantly reduce the rate of erosion

is not practical.
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Sedimentation Demage - Deposition of sediment has oaused consider-

" abtle channel changes above works that have been installed to proteot

irrigetion canalse As a result, each ruscessive flcw may strike canals

or othsr property at unprotected places. Sediment deposition on farm

land mekes more frequent leveling necessary to maihtain the precise

grade of irrigated land. Both of these types of sedlment damage ere

closely assooiatdd with floodwater damage and have been evaluated as

floodwater damages None ofuthe sediment from this watershed reaches

irrigation reservoirs, .

EXISTING OR PROi"OSED WATER MANAGEMENT PROJECTS:: -

sheds date back at least to 1939, At that time efforts were made by
local interested groups to estaﬁlish & soll erosion demonstration ‘:
projecte In 1945 ‘the Agua Fria 8011 Conservatﬁon Distrioct was organized
for the express purpose of unlfying flood cont;ol effortse At various °
times plans to alléviate the flood problem have been prepared, but
inability to finanoe delayed qonstructionf For praotical purpesss

work being done by looal interests is continuous. Some struofures

have been ‘completed reoeﬁtiy and others are being built cogg?r;ently o
with»ﬁork bei;é done by the Federal Government (See combined Table 1

snd 2 attached).

Measures Primarily for Flood Preﬁentionlg_gnginearing and: hydrologio

studies show that the most effective method of oontrolling surface
rurioff from the w€£ér$hed of Avondale Wash above the Beardsley Canal
is by the’ sonstruction of two retarding structures and 11 miles of

diversions. ~The diversions will divert runoff from smell.subwatersheds '

- into retarding structures numbers 3 and 4, loocated in the larger drain=-

age channels. Eight small stabilizing and sediment ocontrol structures




3 . in the upper watershed will provide sediment storage and desilting basins
and thereby lengthen the .effective life of the retarding strucfurea{ The

_;--,;I total cost of these measures is shown in combined Table 1 and 2 attached.

The location of these struotures is shown on map 2. These mesasures are

I located on nonarable lande

. I ..., -For design purposes, the ;rea—depth-durs.tion relationship for storm
rainfall was developed from a number of high intensity storms whieh have

l oocourred in ocentral and southern Arizona. For reservoir design a storm

: Iof four-inoh center was usede This is estimated to have & reourrence

interval of more than 100 yearss Retarding strueture Number § will

I discharge into the Beardsley Canal, Retarding Struecture Number 4

will discharge into existing viatemys at a safe rate. Maximum evacu-

:I ation time for the detention reservoirs will not e:ioeed five days.
The spillway design storm selected waes one of six-inch rainfall center.

The frequency of such a storm is estimated to substantially exeeed the

ocourrence of design storms centered over sach watershed 80 that the

:_:.maximum runoff would oocur.at the structure, Becaus'e:a'dequnte deten=

l tion storage is developed at each struoture paved emergenoy splillways

T are unneoessary. Sediment oapaoity haa been provided in the design of -

"'Ithe retarding structures for 50 years of sedimentation without enorosch=

ment on the effective detention capaoity.

I Measures for Conserva.tio; of Water and Watershed lands Whioh Con-

‘-f'-'v:-ltribu'be Direotly to Flood Prevention - Sixty=-four hundred aores of pri-
vate and state range 1and are being retired permanently from grazinge
IThe lands retired from grazmg include those areas immediately above

the retarding struoctures and any improvement in ocover will reduce

b

. ‘Ires ervoir sedimentation.
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Moasures for Evaluating the Effects of the Prcgram -~ The hydrologio,

economic and other effects of this walershed program will be measured in
the'futufe. A plan for the installations and procsdures required to
ovaluate these resulis is now being developed in oooperatioﬁ with other
interested fact-finding agencies. 'This plan will be distributed later

a8 & supplement to this work plan,

Effect of These Msasures on Damages and Barefits - The measurses

desoribed above will prevent damage from all floods of the size used in
the damage evaluation series. Henoe, the floodwater damage reduoction
benefit is equal to the average annual damage under present conditions
or $35,220 in Table 4. |
Approximately 7S percent of the flood damaée reduction benefit is
oredited to the two rétarding structures and 18 percent is credited to
the diversionse The remaindef is oreditéd t§ the stabilization md sedi-
ment control structures and the range improvement programe The flood

prevention benefit is distributed by measures in Table 5,

It is not believed that eny significant land us§ changes will oocur
from the measures desoribed aboves An examination of land use in fhe
flood plain indicates that the presence of a flood hazard is not & pr$~-
mary determimant of lgnd use. . This conclusion is confirmed by local - ; -
peoples Henoe, no.i;na eﬁhanoement benefit is expected to scorue fronm
these measures. |
Range forage producéion on the wntershed is exiremely limitsd.
Henoce, the ooﬁservation benefit is insignificant and only $130.06 per
yea£ is oredited to r;nge improvém;nt in Table 5. As previously mea-
?ioned, about one=-third of fhe total watershed above thé ;truotures has

been retired from grazing use. The remaining area consisting of steep

roocky desert mountains is under adequate management by the Bureau of land

;. ‘ . :
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" Menagement. The progrem is not expected to improvo‘g:ound or surface water

supply significantly and mo water ocorservation benefit is oredited to 1t

. Comparison of Costs and. Bemefite ~ The ratio of the average annual bene-
fit from measures.primarily for flood prevention {$35,IOO) to the average
annual cost of the measures ($20,;,730) is 1le7 to le- The:ratio of the aver-
age annual benefit ($250)_from the range improvement-meagure.to.the aver-
age annual cost ($130).is about 1,9 to le The ratio of total aversgs
annual benofits {$35,35Q0) to total evorag e annualAvaluarof~oesta

?¥,  ($20,860) is 1.7 to le Ses.Toble 5..

AGCOMPLISHING THE PIAN

The 5ponsovlng ageney, the Agua Fria Sozl Conservatlon Distriot. and the
Soil Conservation Servioe have mmtually agreed to the sharing of oosts set
forth in oomblned Table 1 and 2. Specifioally, the Soil Conservation Dis-
trict (or the Beardsley Irrigation Distrioet or others in bonalf of the

| Agua Fria Soil Conservatlon Distriot) wills - 3 .7""

i. Acquire all lands, easemants and rights of way needed for the

floodwater retardirg s+ruotures. Thzs has boen donee
2o Purchase and install all outle‘!: pipes in the regarding struc-

tures together with getes and appurtenant works. The pipe

and gatas have been ordered. AT e
3¢ Clear, strip and exoavats the gites for the rsﬁarding gtrug~

turssze This has been done, B . | -
4, Ex?avate 300 feet of the spiilway.oﬁ Structure Number 3.

Arrangements for aooompiishing fhi; are.now-béiﬁg.négotiated.
57 Arrange to complets the'installation of aii stabiliiation

aﬁd sediment oontrél st?uoéﬁres and divefsioni by Decembs>

31, 1954,
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6+ Provide for periodiec inspéotion of the measures to insure
that they are maintained in a satisfactory manner, .

7« Bring about the retirement from grazing use of 6,400 acres
(aﬁout one=third) of watershed above the Struotures 3
and 44 |

The above items of loocal comtribution are valued at $218,287,

The sponsoring asgenoy has sufficient funds or commitments to meet

 its obligations within the specified time.

The Soil Conservation Servioce wills
le Contract for the earth work for Structures $ and
4, except for Item 4 above, |
2« Design Struotures 3 and 4 with appurte#anoes and
will provide engineering supervision and inspec=
tion during construotions
3« Trensfer to the Agua Fria Distriot the sum of
$14,000 to help defray costs of the Distriots!?
portion of the work.

The above items of Federal contribution, plus Program evaluation and

development of the work plen are valued at $199,088.

FROVISIONS FOR MAINTENANCE

Exeocuted agreements provide for adequate future maintenance by assur-
ing that periodio inspections, at least annually, will be made by a re=
spénsiblé loocal agenoy with representatives of the Soil Conservation
'Servioe, ennual levies will be made for maintenanoe purposes and repairs

will be made promptly when needed.
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COMBINED TABLE 1 & TABLE 2 =
ESTIMATED INSTALLATION CO§_’_1‘__ *# - TOTAL NEEDED PROGRAM
_ $ : : ESTIMATED TOTAL COSTS
MEASURES 1 UNIT :NO, TO BE APPLIED: - H H
: 3 : s s+ Pederal : Private *xx $ Total
s H H K s
A-Moeasures Primarily for s : 3 s s
Flood Protection 3 : : H %
s : ' : , : 2
Floodwater Retarding Structures: No. z 2 : 192,088 119,66, t 311,752
] ’ : H H H
Stabilization and Sediment [ : : s o
Control Measures ' : : K :
. ’ ¢ : ' :
Diversion Dykes & Ditches = Mile : 11 s 1 77,805 : 77,805
Debris & Desilting Basims : No, : 8 : : 18,068 : 18,068
t : t : g
SUB TOTAL 3 : : 192,088 : 215,557 2 1,607,625
: t d H s ’ :
B-Measures s : t : :
s : : : : :
Range Improvement s Ac, : 6,00 : : 2,750 : 2,750
: 2 s 2 :
- TOTAL A & B MEASIRES : : : 192,088 218,287 : 110,375
: : : : :
Facilitating Measures s : : : :
SCS t : 3 _ t s
Program Evaluation ? : B 2,000 : : 2,000
Work Plan Devel opment s : _ : - 5,000 : s 5,000
. H : H : H
TOTAL SOIL CONSERVATION s : + . 7,000 : z 7,000
SERVICE : : : : :
GRAND TOTAL™ 109,088 208,287 ' L17,375

* ~ For practioal purposes, the work belng dme by local lnterests 1s a continuous job, Some items have been completed
recently and others are now beilng constructed concurrently with the work being done by the Federal Governmsnt, For
canvenience, all parts of the program are shown in conmbined Table 1 ard 2,

** All items to be installed during ocalendar year 1954,

**% It i8 impractical to distinguish between contributioms from Maricopa County and the Beardsley project, which are local
units of government, anl from strictly private sources, Hence, no separate column has been shown for Non-Federal
Gov't costs end these items are included in Private ocosts, : :




| REN
o

b

FRRM 1
G et

RN e b L dit i, A [ A X Wil T S S :
R BN EE Bk EHh BN BN BN BE B b B B B e
TABLE 3
ANNUAL COSTS
MEASURES AMORTIZATION OF INSTALLATION COSTS OPERATION AND MAINTENANCE OTHER ECONOMIC  GRAND TOTAL
FEDERAL PRIVATE TOTAL TFEDERAL _ PRIVATE _ TOTAL _COSTS

A MEASURES

(1) (2)
Floodwater Retarding ,
Structur es $6,950 - $5,570 $12,520  -- $2,950  $2,950 -~ $15,470

Stabilization and
Sediment Control

Measures .
Debris & Desilting - :
Basins - 840 8,0 - 150 15¢ -— 990
Diieraion Dikes & ‘ ' » v '
Ditche s -_ 3,620 3,620 - 650 650 - L,270
" SUB TOTAL $6,950 $10,030 $16,960 -~ 33,750 $3,750 - $20,730
B MEASURES ' i
Range Improvement - $ 130 $ 130 - — - $ 130
TOTAL A & B $6,950 B $10,160 $17,110 -~ $3,75C  $3,750 - $20,860

(1) Amortization factor ,035258 (50 yrs. @ 23% interest).
(2) Amortization factor ,04655 (50 yrs, @ L% interest),

i
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SUMMARY OF AVERAGE ANNUAL MONETARY FLOODWATER AND SEPTMENT DAAGE AND PLOOD PREVENTION BENEFIT FROM THE PLAN
[LONG TurM PRICES)

GES AVERAGE ANNUAL DAMAGE © AVESACR ANNUAL BENEFIT
- PRESENT  B-MEASURES A& end B B-MEASURES. ~ A~MASURES  TOTAL FLOOD
CONDITION - ONLY MZASURES , ONLY ONLY 'BENZFIT FROM
' A & B MEASURES
DOLLARS DOLLAPS DOLLARS DOLLARS DOLJ.ARS " DOLLARS
OTWATER & 3EDTUTKNT DAMAGE _ ,
ROP $13,250 - $13,140 0 $ 120 $13,140 $13,260
LAND L,380 L,380 0 0 4,380 4,380
MPROVEMENTS 1,310 1,310 0 0 1,310 1,310
RANSPORTATION FACILITIES 2,790 2,790 0 0 2,790 2,790
ITCH SYSTEMS 6,480 6,L80 0 0 6,480 6,180
OWER & PHONE ETC. - — - - - —
NDiKFECT DAMAGE 7,000 7,000 0 0 7,000 7,000
OTAL DAMAGE $35,20 | $35,100 0 XXX XXXXX XXXXX
ENEFIT FROM REDUCTION OF
DAMAGE XXXXX XXXXX XXXXX $ 120 $35,100 $35,220
ENEFIT FROM MORE INTENSIVE _
USE OF FLOOD PLAIN XXXXX XXXXX XXXXX 0 0 0
OTAL FLOOD PREVENTION BENEFIT XX XXXXX XXXXX $ 120 $35,100 $35,226
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TABLE 6

. FLOODWATER RETARDING STRUCTURE DATA

FLOOD PLAIN AREA
STORAGE CAPACITY SURFACE AREA I |

SITE: DRAINAGE: SEDI- DETEN- TOTAL: SEDI- DETEN- TOTAL: TOP TOP MAXi-: UNDER UNDER TOTAL: VOL. DRAW TYPE EST.

NO. : AREA ¢+ MENT TION : MENT TION : OF OF MUM : SED. DET, : OF DOWN OF TOTAL
: SQ. MI., : POOL POOL ' : POOL POOL : SED, DET, HT,OF: POOL POOL : FILL RATE SPILL-~ COST
: : : t POOL POOL DAM : . : WAY
. : AC.FT, AC.FT. AC.FT,: INCHES OF RUNOFF : ACRES  FEET : ACRES : C.Y., CFS
H . H : H 2 ) H H . /

3« . 2had . 193 2,h62 2,655 ; 1L 1.92 2,06 ; 30 38) 30 ; wme ~=~ == 375,000 375 Earth $229, 500
$ 1 H H ’ H P

k» . 10,3 . 72 98y 1,036 : .13 1,76 1,80 : 14 221 20 ; =~ —== === ;175,000 100 Earth $12}4,159
H : H : s :
; ; H H H H

[

Sediment Storage based on 50 Year estimated accumulation (including structures on Drainage Area),

*Note discussion of numefioal?designationa in narrative portion of }eport.
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TABLE 7
SUMMARY OF PROGRAM DATA
ITEM _UNIT QUANTITY

YEARS TO COMPLETE PROGRAM YPAR 1
TOTAL INSTALLATION COST -

FEDERAL DOLLARS 199,088

NON-FEDERAL DOLLARS 218,287
ANNUAL O & M CCST

FEDERAL DOLLARS S—

NON-FEDERAL DOLLARS 3,750
ANNUAL BENEFITS DOLLARS 35,350
FLOODWATER RETARDING STRJCTURES EACH 2
AREA INUNDATED BY STRUCTURES - |

FLOODPLAIN ACRES 0

UPLAND ACRES 605
WATERSHED AREA ABOVE STRUCTURES ACRES 22,000

 REDUCTION IN FLOODWATER AND SEDIMENT DAMAGE

A MEASURES - PERCENT 9.7

B MEASURES 'PERCENT 0.3
REDUCTION OF EROSION DAMAGE

A MEASURES | PERCENT -—-

B MEASURES PERCENT -
OTHER BENEFITS .

A MEASURES DOLLARS —

B MEASURES DOLLARS 130
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TABLE 8
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QUANTITY

QUANTITY
ITEM UNIT WITHOUT PROGRAM WITH PROGRAM

YJATERSHED AREA SQ. MI. 9.4 9.l
WATERSHED AREA ACRES 59,136 59,136
AREA OF CROPLAND " ACRES 3L,112 z),112
AREA OF GRASSLAND ACRES 25,02l 25, c2l
AREA OF WOODLAND | ACRES — ——
FLOODPLAIN SUBJECT TO DAMAGE BY DESIGNATED STORM ACRES 14,800 0
ANNUAL RATE OF EROSION (FLOOD PRODUCING PORTION)

SHEET ‘ Tonsﬁng ,

GULLY TONS /YR 33,900

STREAMBANK | "TONS/AR) ’ 31,900

SCOUR ; TONS /YR)
AREA DAMAGED ANNUALLY BY: | :

SEDIMENT ACRES) 660 0

FLOO DPLAIN SCOUR ~ ACRES) ‘

SWAMPING ACRES - — —

STREAMBANK EROSION ACRES ——— S

SHEET EROSION ACRES Not determined
SEDIMENT PRODUCTION (FLOOD PRODUCING PORTION) - TONS/AC/YR 7 1/
SEDIMENT ACCUMULATION IN RESERVOIRS AC/FT AR ——— ——
FREQUERCY OF FLOODING : EVENTS /YR 5 0
AVERAGE ANNUAL RAINFALL INCHES 8 8
AVERAGE ANNUAL RUNOFF INCHES o3 o3

1/ Amount depends on trap effiociency of rotarding structures, No basis for aocurate estimate at this time,
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AGUA PRIA SOIL CONSEBVATION DISTRIC'I'

P. O. BOX 578, WE 5-9251
PEORIA . ARIZONA

. . EL ] . . . . -
B . a1 : H
. s . H . ]

June 3, 1954

Mr. Lucien Hill,
- Area Soil Conservationist,
Soil Conservation Service,
United States Department of Agriculture,
39 N. 6th Ave. _
Phoenix, Arizona.

[}

AN & R " - B .

Dear Mr. Hill;

The Supervisors of the Agua Fria Soil Conservation
District have reviewed the Work Plan for the White Tanks
Watershed as prepared by the Soil Conservation Service.

We whole heartedly subscribe to the plan and will

do our part in effecting its canpletion and sucoessful
} operation.

Very truly yours; )

1 L $w-—t—

-~ - H. 8. Raymond Secretary : ' B
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MARICOPA COUNTY MUNICIPAL WATER CONSERVATION
DISTRICT NUMBER ONE

P. 0. BOX 807
PEORIA, ARIZONA

June 3, 1954

Mr. Lucien Hill,

Area Soil Conservationist,

Soil Conservation Service,

United States Department of Agriculture,
39 N. 6th Ave,

Phoenix, Arizona.

Dear Mr. Hill;

We have reviewed the Work Flan for the White Tanks Water-
shed as prepared and presented by the Soil Conservation Service.
We are in agreement with the plan and pledge our oontinued
participation in the construction, maintenance, and coperation
of the project.

Very truly yours,
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APPENDIX 3

TABLE 1

CONDENSED COST SUMMARY




TABLE &

Condenised Summary

WHITE TANK AND TRIL3Y WASH PROJECIS

l LRIZONA
Structure Structure McMicken
: I No.3 No.4 Dam
Cooperating Federal fgency - -: 1954, SCS : 1954, SCS : 1955, C of E
) Length - = = = - = = = = = - -2 1.5 Mi., < 1.3 Mi. s 9.3 Mids
I Drainage Area - - = = -= - - - : 24 sq. mi. : 10 sq. mi. : 223 sq. mwi.
Max. Fill height - - - - - - -: 30 ft. : 20 fr. ;. 38 ft.
" Spillway Size - -~ - - - - - - ¢ 800 fr. : 2 @165 ft. : 2,000 ft.
‘—I Spillway Capacity - - - - - - : 11,750 cfs. : 4400 cfs. : 60,000 cfs.
5 Reservoir Capacity in A.F.- - : 2655 AF : 1038 AF : 19,000 4F
I Reservoir Capacity in inches : :
T of Tunoff - == = = = =« - =~ + 2.1 : 1.9 : 1.6
. Crest Width = = = = = = = - ~ : 10 s 10t 12!
' Side slope = = = = = = =« = - o 2%:1 & 2:1 : 2:1 & 2:1 : 2%:1 & 2:1
Mo, of outlet8 = = =« = « = = : 3 pipes :+ 2 pipes : 1 box
Size of outlets = = = = ~= =~ 1 48%,48" & 24": 30" & 36" : 11' x 20°
I Max. Discharge through outlets: - - - - P - - : 4400 cfs.
- Evacuation time - - - - - - - :80 hrs. : 118 hrs. : ===
. Sediment Production: : : :
o I Ac.Ft.Per sq.mi.per yr.est.: .3 : .3 T W25
: Total cost .of Project - - - - : $395,145.00 - $2,180,000.00
I Private Contributions - « = : 196 ,057.00 : 180,000.00
Public Contribvtions - - - : 199,088.00 : 2,000,000,00
Annual 0 & M cost(lon=Federal): 3,750.00 : 17,000.00
‘ I Estimated annuai cost of | H :
oo project o e g - S e e : :
(50 yr. amortization) - - = : - 20,860.00 : 115,000.C0
. Estimated annual benefits - - : :
N (50 yr. amortization) -~ ~ - : - 35,220.60 : 200,000.00

Benefit - cost ratio 1.7 to'l

. . . o .
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l f FLooD . CONTROL DISTRICT of Maricopa County

.'f_l &

3325 West Durango Street * Phoenix, Anzona 85009 ¢ Telephone {602) 262-3630/262-38389

November 4, 1975 “wt
wa M U“\*’
United States Department of Agriculture N VJd”‘gb .
Soil Conservation Service :\ ,Ck ;;’\;A
3556 West Buckeye Road ' . AN,
Phoenix, Arizona 85009 LT A
L‘. j/ AW
‘l
ATTENTION: Mr. Terence E. Taylor . ¥vﬂ
Dear Mr. Taylor: _ “

We acknowledge receipt df your letter dated September 30, 1975, regarding Operations
and Maintenance agreements between Soil Conservation Service and the F1ood Control
District of Maricopa County. :

It is assumed the structures on the White Tanks Watershed you are concerned w1th are = -
the White Tanks retarding structures #3 and #4.

A review of Operation and Maintenance agreement records in this office indicate that

he last agreement entered into relative to these structures was one for Operations -
and Maintenance, dated November 28, 1966, between the Flood Control .District of
Maricopa County and the Maricopa County Municipal Water Conservation District No. 1.
This agreement provided for the Maricopa County Municipal Water Conservation District
No. 1 to do maintenance work on the structures and to be reimbursed for this work by -
the Flood Control District. This agreement was terminated by mutual consent of both’
parties on June 30, 1975. Thus, the Flood Control District of Maricopa County is -
now responsible for the Operation and Maintenance of the above structures.

The agreement referred to above is the only agreement of record involving the Flood
Control District of Maricopa County and there appears to be no provision in the
agreement for Operation and Maintenance reports to the Soil Conservation Service. -
There appears to be no record of a formal Operations and Maintenance agreement or
official legal transfer of responsibility of these structures from the Soil Conservatio:
Service to the Flood Control District.
In view of the fact that District and Soil Conservation Service personnel are meeting
this week to discuss Operatiors and Maintenance procedures, any further discussion of
this matter could be continued at this time.

Sincere1{7/

uP’Da C?{)

Chief Engineer and General Manager

PD/WAA/ 1y




l 6029 Federal Building, Phoenix, Arizoma 85025

Jan. 4, 1972

Colonel John C. Lowry

Chief Engineer and General Msnager

Flood Control District of Maricopa County
3325 West Durango

Phoenix, Arizona 85009

Dear Colonel Lowry:

Attached for your file are the following operation and maintenance
agreements for the White Tanks Pilot Watershed Project:

1. Agreement - Between Agua Fria Soil Conservation District
and the Soil Conservation Service - dated November 30, 1953.
(See Item 2, page 1 and the first paragraph of page 3 covering
0 & M. . '

2. Agreement - Amendment No. 2 dated October 15, 1957 = change
in spillway design and costs.

N 28, 1955 advising Service acceptance and outlining O & M
responsibilities. o

4, letter - H. S. Raymond to Robert Boyle dated August 31, 1959
confirming O & M responsibilities of Agua Fria SCD. '

5. Cooperative agreement - Agua Fria SCD and Maricopa County Water
Conservation Dist. No. 1 (Beardsly Project) dated December 3,
1953 giving O & M responsibilities to Beardsly Project.

womooo - -—- 6, Agreement - Flood Control District of Maricopa County and
Maricopa County Municipal Water District No. 1 dated Nov. 28,
1966. Outlines O & M responsibilities of FCDMC for White
Tanks structures and provides for the {rrigation district to
perform this work for a certain fee (See Item 2, page 2).

Sincerely,

AN
-~
Cliffton A. Maguire
Axst. State Conservationist (Acting)

Attachments/6

|

1

'I
; (‘ 3. Letter = from Robert V. Boyle to K. B. McMicken dated January
R ' .

FzY
CAMaguire:as
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE Room 6029 Federal Bldg., Phoenix, AZ 85025

JECT: MGT - Program Inspection pate. Deceamber 16,
October 4-7, 1971 1971
TO: T '
Chris Williams, DC
8CS, Phoenix
Attached for your use and file are the following operation and
maintenance agreements for the White Tanks Pilot Watershed Project:
l. Agreement - Betwsen Agua Fria Soil Conservation District
and the Soil Conservation Service - dated November 30, 1953.
(See Item 2, page 1 and the first paragraph of page 3 covering
0 & M).
2. Agreement - Amendment No. 2 dated October 15, 1257 - change
in spillway design and costs.
3. Letter - from Robert V. Boyle to K. B. McMicken dated January
- 28, 1955 adviasing Service acceptance and ocutlining O & M
responsibilities.
(.f' 4. Letter - H. S. Raymond to Robert Boyle dated August 31, 195¢
, confirming O & M responsibilities of Agua Fris SCB.

5. Cooperative agreement -« Agua Pria SCD and Maricopa County Water
Conservation Dist. No. 1 (Beardsly Project) dated December 3,
1953 giving O & M responsibilities to Beardsly Project.

6. Agreement - Flood Control District of Maricopa County and
Maricopa County Municipal Water District No. 1 dated November 28,
1966. Outlines O & M responsibilities of FCDMC for White
Tanke structures and provides for the irrigatiom district to
perfom this work for a certain fee (See Itenm 2, page 2).

- 'Ihis transnittal coapletes agreed-to item 18 of the program inspcc‘tion

eport.
7 st LT

M:/»/ Tl tng chring
i

Jo Jo Turner
State Conservation Bagineer

ccs D. Swenson w/o attachment

G. Welsh w/ attachment
Gerry - We are attaching a copy for your transmittal to the '
FCDMC to assure they have these documents in their off ice. \ ’




'RGUATFRIA SOIL CONSERVATION DISTRICT

~
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P. O. BOX 578, WE 5-8251 /
PEORIA . ARIZONA

August 31, 1959

Mr. Robert V. Boyle, State Conservationist
Soil Conservation Service

106 East Roosevelt
Phoenix, Arizona

Dear Bob,

_ By action taken by t+he Board of Supervisors on August 24, 1959, .
the Agua Fria Soil Conservation District assumed, as a matter of R
record, full responsibility for the operation and maintenance of
the White Tanks Project. The District has, however, actually
operated and maintained the project since its completion in 1954.

/7
-Sincerely yours,

- Loen A
_ H. 8. Raymond, Secretary - '
AGUA FRIA SOIL CONHSFRVATION DISTRICT

HSR/po

| PRSI
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THIS AOQREEMENT, made anc ertered intc this day of
November, 1953, by and between Agua Fria Soil Conservation

Pistrict, Stete of Arizona, hereinsfter cslled the DiSTRICT and

the Soil Conservation Service, Regiocn 6, of the Derartment of
Agriculture, hereinafter called the BERVICE,

OBJECT ~ The odbject of this agreement is to coordinate the scti-
vities and efficient use of the resocurces of the two parties in carry-
ing out and maintaining watershed protection needed .n watershed lands,
and the installsticn of such messures in the District as are needed and
practicsble Ffor the reduction of flood water snd sediment dsmages, such
88 waterf{low-reterding dams, channel im;rovements, streambank stabilie

tation, major gully control, and related measures,

Specifically thia agrsement covers the conatruction of White Tanks
Project retarding structures Xo. 3 and ¥, L a2 rlanned by the Scil Cane -

servation Service, slong with any agpurtenancez thst msy be required.
All locsted ~bout € miles west of Goodyeesr, irizcne, imnedi:ztely above
the main canel cf the Mepdcops Municiral vater Conservation Distriet

¥o. 1 (Beardsley).

».TECRITY « Public lLaw 156, 83rd, CongrOaa, 1st. Seaaion, ar;rcvod
Ju1y 2€ » 19530

A. The District, for and in conaideraticn of the benefits to de
derived in the carrying out of this sgreemsnt and to sccomplich the ob~
ject herein set forth, does hereby represent, rromise snd agruo as fol-
loust .
(1) The District represents that jast non~federal contribue
tions, including engineering, securing rights-of-way snd
essgmonts, end other costs assccicted with retardl
structures No. 3 and No. L, heve a valus of $145,0L6.00 N
(See attached itemization of exjenditures). -

(2) To arange for such essements for rifhts=Of-wsy es may
be required by the rarties to facilitate, perform and

E:igta;n the waterzhed protection measures set forth
erein, record in the county where the land is situated

and furnish evidence to the Service that the foregoing
has been sccomrlishsd,

(3) To contribute future messurer as listed belowt

(a) Arrroximstely SO% of required engineering services.

(b) Necessary lsbor and equipment for clearing and
stripring site for structure No. 4




(2)

, ' {c) Wwater required for rerformance of the work.
(d) HNecersary lebor, materisls and equirment for

constructing two-diversion dykes.

(e) Necessary labor, materials snd equiprment for
excavsting .and sealing a channel. ‘

(£) PFurnish znd install _ 511 1lineasr feet
of corrugated metsl Tipe and gstes for struce ‘
tures No. 3 & i together with sprurtenances. 1

¥ .

J (g) MNeceszary labor and equirment for completicn of spille

/ way excavation, Structurs #3. , |

f.

| . {h) Completion and/or modificaticn of existing dykes om 1
caterrillar rroving ground to insure their functioning : ‘

es rlanned with relation to comjleted project.

It is estimated that cost of the sbove contributions will amount
to $£0,412.00 (See attached itemizsation of estimated coets). ' ‘

(L) The contributions listed under 3 above shall be timed and -
rerfcrnod 80 88 to cocrdinste with the construction pro= , 1

gram of the Service's ccntributicn, in order thet s minie
nmum of friction and delay will be caused,

B.b The Scrvici. in considerstion of the rerresentations, rroaises,
and agreemsnts made on the part of the District herein set forth, agrees ‘

as followst

{1) To furnish apiroximstely 50% of required engineering services
for surveys, designs and sjecificstions for the construction of ‘

two earth fil'ed dama. Structures Nc, 3 and dc. 4. |

(2) To circulate invitstions for bids snd sward s contract to the

lowest .alified bidder for furnishing necessary muterials, equip-

ment and labor, and performing the yrorosed construction work, ex=

cert as otherwise provided harein. , ‘
(3) To supervice, ina;ect and make final sccertance of the completed N ‘

worke .
. ~ N l

It is estimated that the contributicn to be made on the rart of the
Service as described sbove will armount to sjjrcximately $219,074.00. . ‘

IT 15 FURTHER ULNLUERSTQOL ANL AGREED ‘

That contributions of the District towsrd comjleticn of the wstershed pro= |
tecticn prcject, both rast snd future shall equal ¢r exceed Fecersl Watere

shéd irotection funus expended on the rroject. On the basis of the esti- ‘
mstes included in this sgreement, the valus of the [istrict’c contribue

tions, rast and future, amcunts to $225,458.00., The estimated cost of
oject work to be financed with Federal wsterrched protecticn Iunca is

§§19.07h 00,
|

e
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3)

' That the District will sssume resronsibility for operstion and rroper ><’
' ma'ntenance of the camyleted work. ’ /

That the resyonsibility of the Service under this arreement shall ter-

;1.;"; ' minate upon ccmrletion and accertance of the work es provided under
' Parsgrarh B(1)(2)(3/, and all interests in owvnershiy and operation shall

at that time be relinguished.
That the Service will, upron request from the DMstrict, furnish technical
assistance to the extent available to 2id in inspecticn snd to advise local ' :
' ‘interests with resyect tc maintenance needed, \
That the District will hold and save the United States Government free from
. all claima for dsmages that may arise frcm construction or operation of the
work instaslled under this ammnt.
_ That determinstions will bo nsde jointly by the District and thn Service
' that rrorosed structures sare in conformity with State laws, before con-
struction is started. .
. No Henber of or Delcgate to Congrou or Resident Commissioner shall
o ~ be sdmitted to any share or part of this agreement cr to sny benefit that
- nay arise therefrum unless it be nsae with 2 coryoration for its pmrd '
.. . benefit. o
IR WITNECS aHZRECF, the ;u'tiea heretc hive hereunder subscribed th'i.r
' names &8 of the a:te first above written, :
U. S. LUEPARTMENT CF /GRICLLTURE AGUA FRIA SCIL ccss—iﬁavwxcn pISTRICT [
i 801l Conservaticn Servics v , ‘ S - ‘

= By _ Cyril Inker By [s/%. B kmcke- o
. Title ?gcml %gictg Title _Chairman, A‘ga k‘g g_q% ﬁ.mt ~ ‘
amusry 11, 19 - ‘

' The eigning of this sgreement on behslf of the Agua Fria Soil Consere
“vation District Oov rning Body sdorted at s meeting held on 30th dsy of B ‘
' November ~ , 1953. o |

' _ /s/ H. S. Raymond : ‘
Sccretary, District Governing Beard ‘
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COOPERATIVE AGRERUXT |
AGUA_PRIA 8OIL CONSERVATION DISTRICT
STATE OF ARIZOMA

THIS ACREEMENT is extered into by the _AGUA FRIA 8Soil Censervatiea
District, hereafter referred to as the "District® and MARIOOPA COUNTY

MUNICIPAL WATER COMSIRVATION DISTRICT NUMBER ONE, lecally kmown and

er
. OCEpERY, R s mmicipality or ether

legally ervanised group)

msmummmumtmm.amu
mmmmuunwmmumuum
cmnwmmcmmm

IHR DISTRICT AGRERS 103

1,

2.

3.

L1}

Purnish technical assistance ead supervision fer surveys, designs,

and cmmstrection as reguired to the extent that these sexvices are
available to the District at the time they are scheduled to be fur-
o, . .

Arrange for funds to be previded by the Seil Censervation Service te
install the gtrustures gnd measures in adidition to that supplied ky

the Peardsley Project and others, |

¥Will alow credit m,mw:u contributions sepplied

by them, Mumtl.hhw.utcxtmaiuulhtimuw
mad.tmthinthuttgdndphn

Provide aseistance to meke inspections by qualified pecple of all
structures and msesures installed under this agrescmnt to determine -
maintenance needs and g schedule for the comduct of maintenance.

THE BEARDSLEY PROJECT AGREES TOi

1.

quamdmmmmzu.mm.

'nd-datmm\ctuuc:dm ingtalled under this agresment

and to pay its preportionate share of the costs of such easemsnts and
right of ways as previded for in the attached plans.

e
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1.

.
To provide labss, materials er iastallaticas as previded for ia the
attached plaa,
Opsrate and maintain the structures and measures as provided in the
attached plan,
Hold and see the District free frem all claims that may arise frem

the sosts of comstrewcticn and epszatiea of the wark.
IT IS MUTUALLY AGREED THAT:

APPROVED:

ucamtomswunm&mum
ance of eonservatien megsures en the watershed abeve the works
installed wndey this Zgreememt.

This Agresment will take effect em the date of the last signature to
it and will remain in affect fer the peried of the mormal life of
the structures or measures iastalled wader this Agreement.

Ol 72222 A 23/ 7/
(title) ®
_:___}(/Z = e’y /3-/3 /L3

{ e) .
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- . UNITED STATES DEPARTMENT OF AGRICULTURE o
-l SOIL CONSERVATION SERVICE
; )i KQZE;Qg;;iizgziéib Arizona State Office, Phoenix, Arizona
SUBJECT: WATERSHEDS - White Tanks Project - DATE: November 12, 1970

Report on Flood of September 5, 1970

T0. M. E. Strong, State Conservationist
SCS, Phoenix, Arizona

L o J
1. In the summer of 1954 two flood control structures, identified as
White Tanks No. 3 and No. 4, were built by the Soil Conservation Service

in cooperation with the County of Maricopa, the Municipal Water Conserva- o
tion District No. 1, and the Agua Frla-New River Soil Conservatlon D1str1ct. )

i

2. - The project was known as the thte Tanks Er051on Control Progect and
° §CS parthlpatlon was under the Pllot Watershed Progranm.

3. It is reported that 4.5" of precipitation were recorded in a gauge - =
near the intersection of Jackrabbit Road (195th Avenue) and West Indian S R
; " School Road. (See attached map.) This is believed to have been near the

- center of maximum rainfall with somewhat lesser intensity near the summit

‘of the White Tanks Mountains about five miles to the west.

4. The rain is reported to have started about midafternoon on Saturday,
September 5, 1970, . The maximum intensity is believed to have occurred
between 6:00 and 8:00 p.m. It was reported that water started flowing -
across Jackrabbit Road in the vicinity of Thomas Road about 7:00 p.m.
and ceased to flow across the road about 9:00 p.m. o

5. The elevation of the high point of the watershed is 3671'. The » L
spillways of Structure No. 4 are at elevation 1050' with the top of the -
structure at 1056'. The elevation of the rain gauge is approximately

1165'. o - ' ‘ 7 N ~

6. Structure No. 4 was designed to impound 1036 acre-feet from a dralnage
area of 10,3 square miles.

7. Since 1954 developments north of Indian School Road and west of Tuthill -
Road have caused four square miles of watershed originally designed to flow
into Structure No. 3, and an additional 1.8 square miles of watershed to
flow into Structure No. 4 along Tuthill Road., Additional land developments
between Jackrabbit Road and Tuthill Road plus improvement of Jackrabbit
.- Road ‘divert still another 2.7 square miles of watershed into the north end
of Structure No. 4 along Jackrabbit Road.

!




M. E. Strong - -2 -

8. Thus at the time of the storm there was a total of 18.8 square miles
of watershed contributing to Structure No. 4. This is 8.5 square miles
more than the 10,3 square miles for which the structure was designed.

9, It should be noted that chronic deposition of coarse sands in the
borrow channel on the west side of Jackrabbit Road limits the flow of
water diverted into Structure No. 4. Excess flood waters flowing south
along Jackrabbit Road overflowed the pavement in the vicinity of Thomas
and McDowell Roads causing damage to an unknown number of homes in the
subdivisions east of Jackrabbit Road.

10. High water marks indicate that the Structure No. 4 filled and the 165°'

wide Tuthill Road (west) emergency earth spillway flowed for a short period
at a depth averaging about 0.8'. There was no erosion in the channel except
for a small 1' deep headcut at the extreme south end where it emptied into

a flood channel along the north side of an auxiliary Air Force landing field
that appeared to have been carrying 10 to 20 times the spillway flow,

11. Flow through the Jackrabbit Road (north) emergency earth spillway,
also 165" wide, averaged about 1.6' 'in depth.” Surveys after the flood
indicate that the crest of this spillway is now about 0.4' below the
elevation at the time of completion. It is believed that most of the
lowering of the earth spillway crest resulted from wind erosion and from
use of the cleared spillway crest area as a driveway for vehicles and as

a practice ground for horsemen and motorcyclists during the 16 years since
its construction. The high water marks indicate that the water surface was
0.4' higher at the Jackrabbit Road spillway than at the Tuthill Road (west)
spillway. This could have been the result of wave action or a west wind
across the one*mile reach of the reservoir. Erosion in this spillway from
this storm was negligible. Floodwater through the spillway crossed un-
improved desert for one-half mile before co-mlngllng with larger onslaughts _.
of water flowing from the north and west.

9‘53&5{*

12. The two principal spillways equipped with gates remained closed during
the storm. Had they been open they would have had little effect upon the
Teservoir hydrograph because of the intense short-period of runoff. The
reservoir was emptied in a matter of a few days through seepage into the
ground.

13. Structure No., 3 with a capacity of 2655 acre-feet and a designed
watershed area of 24.1 square miles, received an inflow of approximately
350 acre-feet, The rainfall was less intense on this watershed than on the
watershed of Structure No. 4 and as mentioned in paragraph seven above.

- As mentioned above, four square miles of this watershed has been diverted
into the watershed of Structure No. 4. Runoff from this four-square mile
area was quite heavy.




M. E. Strong . -3 -

It is recommended that consideration be given to correcting the overload-
ing of Structure No. 4 by combinations of the following alternatives:

A. Redesign the roadway fills and channels in Sections 18 and 13 so as

to permit the four-square-mile area in parts of Sections 2, 3, 10, 11, 12,
13, and 14 to drain into Structure No., 3 as originally planned. (See map
attached.) : '

B, Construct one or more small retarding structures north of Indian

School Road to control runoff from all or parts of Sections 13, 14, 17,

18, 19, and 20, (Structure No. 4 was not designed to receive runoff from
this area but since 1954 the runoff has been directed into Structure No. 4.)

C. Enlarge Structure No. 4 to enable it to safely accommodate runoff from - -
Section 29 and that part of Section 32 that was not orlglnally de51gned to s
contribute to Structure No. 4. : : e

D, If it is not practical to materially increase the capacity of Structure :
No. 4 additional structures should be built upstream, possibly in Sectlons e o
23 and 25 o B

Conservation Engineer

Attachment

‘cc to. i
E. J. Core, Head, E&WP Unit, SCS, Portland, Oregon
_Kenneth E. Grant, Administrator, SCS, Washington, D. C.
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AGHE PMENT
THIZ AGREEXENT mads and entered into 2t Phoenix, Arizoaa,

oa thir, the _ < ‘!15,/' day of o verndia . 1998,
kY 2nd ketween the FLOCD COMTROL DImCT OF¥ MARICORA COUETY,

ARIZONA, a Ficod Control District orxganized under ané pﬁttuant

1
i
' . . to the laws of the &tate of Aria2oma, hereinaftex ddaagute{
"Flowd Contiol Liatrict®, and the MARICOPA COUNTY MUNICIPAL
' WATER CO_HI‘RVA?IOH LIZTRICT %0. 1 an Irrigauonv Diatfict
organiszed unésr- vam'? puxsuant to the Laws ‘ot' the State af
I Arizoma, hercinsgter designated “Irrigation District".
“ ~ . WITIESSEIRI |
I » ’ ' THA®, WEERESS, Picod Control District hac the respoaei-
| rility of opersting and mintaininq certain £Locd cont:oi

worka, éonsisting in the wain of McMicken D #nd outlet

chaanel, $.C.8. Dams Ho. 3 and Ho. 4, snd interconnecting
¢ikes and channcls 20¢ xelated anmd ad}éining tleoé.cantxél
. vor;a, all -Lécatea'wlthin_' the Cnurg'ty of Marxicopa, fﬁtate ot .
Arizons, =nd desirez that 421d f;ooé coatzol werks be maia-
tained in proper working condition, and opiraud in a .good,
and workmanlike wmannarxy anc | | '
WHERZAS , Irf:gatzon District bay available 2ad is able
torthwith to secuxsz the. necessary h‘box, wmaterials, oi;upmnt_

add supervisory pearsonnel necessary ané requirec for the

) B T % propaxr maintenance .md_"ﬁpctatioﬁ of Gaid flood control werks,
MO, TUEREFORE, for 3nd in 'ccn016¢:$tien of the mutual
COVENAAtS :nd “Yreements hexeinsfter set forta—end-contained— — - =
N ’ on the pu-t. Of the usrtiea im.r:t.o to be Ly then respectively -t

xept and performec, 311¢ parties hersto agree 23 followss

1. That the Irrigation District stiall, for the period
Leyinning & e§ the lst cay of July, 1965, nc ynding oa the
Iyth sy vt June, Lun7, 3nd frum year to yuar therenftex, in
> geod anc worknanlike maoner, xXacp, ssinttin wnd opexate

waid flowd rontrol works in 2 propel cuncition and manaer :ac

TN
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Wiaas-

18 nClourcancs with anstiuctsonx anc pProcecures given by tha
fFioow Controi District, rrovicsa, Nowever, thit tne Irrigation
Cistrict shaii aot e tequireo to da ol pezform any wark in
:clatisn to kewping, msantaining a2aé operating sni¢ fiooe con-
trol worka in a prop¢r;cvndxticn aab naxnaer, the covt of which
shalil be'znuexcuot of the amount which the Plood Coatrol Dis-
trict shall theretofor huve chligatec itself to pay to the
Irziyation Bistzict for auen wurk.
se That £or the peiied beginning as of the lst day of
July, 1386, sn¢ endang un the 2Uth doy of June, 1967, the
Plooa Contiol District :hail Pay to the Irrigstion Diakriet ”
2 sum not in ixexsr of FOUR THOUSAND ($4,000.00) DRLARS por
Keecping, arintiining ane opeiating sadd £i0c0d ¢catkreld worke
in < propesr coadition anc tannex., |
3. That tse Fuouwd Contizi District ¥ali, piior to the

At cay of June ¢t each anc avar)Ayeai béyinning on the thh'rﬁ
g3y of Junc, i%7, cétim te the .wouat thit tne Zicoc Comtrsi
Dietract snadl ;xav;ra iul seepiny, maiataxninqund chrating
£ala floor contiod works 1g -~ WTupel conditisn ané menner
dusring the perioc of eq;h Yesu, rgsp-ctxvuly,'beginains on
szic let cay of June, iv67. The Irrigation Diatract shull

Bot, curiang amy duch erise, Ve requirec to GO ang perloxm

L0y wark upoa inid ficos toatiol warkx, the cowt of which

ahall Pe 4in cicusw of irie estimatoc Snount. nor akall it

e x L oxm POy wOrR uprob vl AR Lelation to ths maintensnce anc
operition of axia Lioo¢ cimtiol works not previounly authozi. ec
in writing by the Flooe Contzol District. That in thie eveat
that the Irrigation Cialiict shail, at 8Ny time, by notice in .
vxitzné given to tie Floo. Contral LiatricE,-scvisc She Floow
Control listrict that the coust of doiny the wurx done er to

bx coaw aad pcecforew€ Ly tue Irrigation Dietrict curing the
SEELOC tnen Lit effect willd L. 1D exceas wi tue amuﬁht eatinm- tec
Ly tie Plooc Coatroa Ti-irict to covexr the cost @€ such worx,
Lhen anyd 40 ~uch wvinl Lhe Faoo Contl ol District shall toareh-
RItL GAve noticy an wxdting to tpe Iriayation Li«trict of 1ts

iPplOVSL Lo the PrllOIRACE Z Cie WOLK to Le <one, tne cowet




of which will Le in excess of 8aid estim-ted amount for such
work, and in the further evant that such notice shall not L«
received ty the Irrigstion Rlstrict within fifteca (13) daya
from and after the giving of .a:d agotice Ly the I:txgatioa
Diatrict to the Flood Contral District, thea »nd in such
«vents thc Irrigation District chali bave ae further ohligaticn
to €o »nd perfors any further ar afdztiena; work in relatiom
to the zaintensnce anc opergtian of aaid worka, the cost of |
which will be in axczes of the amount estimates by the Plood
Control Distrizt to cover Bhe cost of such work.
4. That tac I:xxgatioa District shevll, from time to tine,
38 it shall dete.mine, prasent ¢o the rLood Control Distrace
5 detailed anc itsmise¢ seaterent, with supgorting invo&can,‘:">
of the cost of the woik periormec by-therxzxigatﬂon ﬁiatxictbb'
in relatisa tc tae naintennace and operstion oi’sgid flood
conwrol works, inciuéiag 2uong otha:*thzbqs. that part of
the Irxx5ation Diatrict's generbt aé&lnintrativo 2nd over-
head expensss which are attrlLutablo to the -xxntsnancc And -
operation of a~i1d flood control worxs, prov.dcd.vhcveva;, that
in no event shall the amount of the Ixziq:ﬁica Disttict‘§ o
qanekal‘admiﬁistéativc;:nﬂ ver~head uxpchac- exceel twinty
per cent (20%) 2f the totsl cost to the Irrigation District
of perforsing ssid wixk of z‘intainlﬁq and cgperating said
2lo0d control wo:ks&, and aoiwitbntandlng tnythiag;hn:gig to
the conktrary, »ay ané 21l vithhof&ii{,'-oéxal,oecuxity ang
othe s taxea 1nc exXpensss of any and all eupxeyots euqagca in
the performance of the work aof mnintzxninq and cpcxatinq &3i¢
tlood control woxkas shalli ke the sale and exclusive responsi-
bility of and shzll ke paic Ly the Irxrigatien Distriet.
§. That the parties hezeto recognisze ané agree thet
from time to time ax » result o5f accadental, natural ox
other causss, ¢ through n3 fault of the garties hereto, or
eitbexr of them, thers iay Le¢ wauauuzl dagnge te siid flood
contxol works reqﬁxxxngvxugaixu +ad maintuenance thereto ex-
c:c&inq norm=l iepalra -ud caxatsnancc. 40s im :hv ¢vent of

any such rventuslity the parties horeto ahall Jetermine ons
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agree upon the noount Of the a<éitivaal cosks and exsomses to
be incurred =s the result of sech extrao:dinari causer, and

in the event that the parties hereto shall »gree upon ths

amount of s2id acdditionrl r5 t: apd expenses rezultiay from
wuch sxtraOL?inary Cau;a», then ~ad in sucl eveat the Irxigation
Slatrict sh 1l procee’ Lo (o xnd perfoimx the additionsl wurk
arnde necustirly by :uck itraordinety cavaess, ant upon tda com~
alatisg thereof tne Flood Control Lirtrict alizll pay to the
Irxigzstion Distriot the <ouat tu the Ixzigyation District o2
verlorming such work, t.ysthezr witis that gart of the Izrzigation
District's gener 'L sdministrsative and over-heal expeansss which »

are zttridbutrlle to the performance of such extrawdinazy

- work,

6. That this “gresneat shall be automatically reneved
from year to yrac from and afltez the lut'day‘oz Juiy, 1967,
nnloak the Floo¢ Contrsi Diastrict or tha Ixrigution Bistzict
shall serve notice 18 wrliting, upon the othe: 5f thex within
thirey (30) saye wpris, to the end of the pexioc then in effect
of its desire to ta:minate'tnln Agreement + ¢ the end of maié
period, 2and ugon th« giving of such notice this &gxscnent ‘
shall terzinate =nd end oa the 3ytb Gay <of June folloming the
éatckca which such notice wis given.

I WITNESS NHERXOF, the partics hereto have caused tnaxz.

reapective naves to ¢ h.zelo subscriled anu theix respective

‘corperate seils to Le Lei&to alfixed oa thie, the .y _

sy ct L e ., 1388,

FLOOD COWTROL D1BTRICT OF MARICOPA
COUNYY, ARIZOMA

— — . . e
i

MARICOPA COUNTY WUNICIPAL WATER
CONSERVATICE LISTRICT 0. i

Byl C
STATE OF ARIZOMA ) ‘
R . K .
County o©f Hazlco,a )
On this, the _. .4 ¢y & o doi , 1964,

Lefore e, G unZersiygned Notary Pubifc, serucanally oppeared

- :i,}e;. /‘L11“) .+ Who “cRauwlecyen
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COMMENTS ON 1981 HYDROLOGIC STUDIES
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13 'AN 1984 o B ) | %
; Fioop ConTrROL DIs.RICT

FLOOD CONTROL
DISTRICT) of
o! ) g e i - S
MARICOPA Maricopa County
COUNTY
1959

BOARD ot DIRECTORS ', ,
St

o1 e Phoemix Ari 300¢ oo
3335 West Durango Street « Phoenix. Arizona 83009 Hawley Atkinson, Chairman

Telephone 1602 262-1501 - George L: Campbell

Tom Freestone

Fred Koory, Jri7 777
Ed Pastor T

D. t.tagramoso, P.C. Chier Engineer and General Manager

JAN 12 1984 » i = A

Mr. Dan Lawrence :
Arizona Department of Water Resources - Dam Safety
99 East Virginia Avenue
Phoenix, Arizona 85004

Dear Mr. Lawrence:

The Flood Control District recently completed a review of the hydrology

study conducted by Ertec Western, Inc. in August 1981 as part-of' the RS

Phase I Inspection Report for White Tanks Retarding Dam No.. 3. We noE T
investigated the hydrologic-and_hydraulic assumptions used by Ertec Western . -

and restructured the input data used in the HEC - 1 model developed "~ - . -~ . - o
by them so that the model would run on the most recent version of HEC - 1.

A copy of the output listing is attached. In general, our study agrees

!' ~ With the Ertec Western study. The important results are summarized

as follows:

[

1) The structure would be overtopped 1.12 feet during a Probable
Maximum Flood if the structure were initially fu]];l .

2) The structure would be overtopped 1.01 feet during a PMF if
the structure were initially empty.

3) The structure would not be overtopped during a % PMF event.
I recommend that we plan a meeting to discuss possible remedies to
~the-dam safety concerns. If youhave any questions regarding the
hydrology study, please contact Tom LaMarche of my staff.
Sincerely, =

.ol Ya .
swd—Las Sagramose

D. E. Sagramoso, P. E.
Enclosures

%

Copy to: Verne M. Bathurst, State Conservationist
with Enclosures

-~

H
'
i




TIUMMARY OF DAM ovenropp‘:
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) 30 SEp 1997
.. L . ) £
RN Fioon CONTROL EHSTRICT
| FLOOD CONTRGL Ny , E
DITCT or Ntl
o Maticops County =
- MARICDFA | BOANI Vo oY

COUNTY N LU L 7o =
. 19350 E 333 Wes Prarango Stre¢! o Pnoentx, Arizons HHihitl Hawl‘.'y Alhine - (.5:‘.?":.]"“/(
- Telephone (G2, 262-1501 Ceorge L. Camijte,
Tom freeston, —R
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Soil Conservation Service
230 North First Avenue
Phoenix, Arizona 85025

! | <1 | _
Mr. Verne M. Bathurst, State Conservationist : ; I>-25\

Dear Mr. Bathurst: evre,

My staff recently completed a draft report on“the effect of a probable
maximum flood on the White Tanks #4 floodwater retarding structure. The v
report concludes that the structure would be overtopped and presumably fail

in that flood event. ~

I am forwarding a copy of this report to you for your comments and
recommendations about the report and about possible remedial action that
could be taken to ensure the integrity of the structure in a probable

maximum flood. I suggest that a meeting be arranged to discuss this topic
after you have completed your review.

Sincerely,

vt . N RN DR sy N B I .
i

D. E. Sagramoso, P.E.

Enclosure




l Table 1
Top of Dam Elevation 1,056 m.s.l.
l Spillway Capacity at
stage 1056 13,125 ¢fs
I PMF Inflow 42,400 cfs
S PMF Qutflow
Reservoir empty 40,100 cfs
l Reservoir full 42,400 cfs
PMF Maximum Stage :
l Reservoir empty . 1,057.3
Reservoir full — ‘ 1,057.4
I PMF Flow Diverted Past
Reservoir _ : 19,132 cfs
l 1/2 PMF Outflow
Reservoir empty 10,309 cfs
: Reservoir full 16,990 cfs
i l 1/2 PMF Maximum Stage | _
: Reservoir empty 1,054.98 =
l Reservoir full 1,056.34
1/2 PMF Flow Diverted Past
I Reservoir 8,959 cfs
1 w7 T4




sunnazY of TN OVERTOI SPTHCTEREACH ANALYSTS FOR STATION CAM v
PLAN 1 wevasanens S w CINTTTAU VALUE CSPIULWAY CREST  TOP OF Uk
ZLIVATICN 1050.00 1050.00 1655.90
STIRAGZ... - _14C7. i 1407 .. 2515, \
QUTFLOW 0. 0. 13125.
- wiTic | MAXIMUM "QIYYEEE"“"~FKYTAUﬁ“"_-Ffffﬁﬁﬁw"" DURATION TIME C© TIME OF
07 RESERVIIR DZPTH STORAGE OUTFLOM OVER T0P  MAX OUTFLOW  FAILURS
T _pwE L MaSLELIY CVER_0AaM . AC-FT __CES ... ..HOUR3.. .. HOURS HOURS
.23 1054.10 .00 2198. 7918. .00 4ald .00
. 250 1056434, . - .__-_,4__5_—.__._.__2§.5: 16990, - B ¢ 1 4,75 « 30
1.0) 1357.42 1.42 2955%. 42400. 2o RS 4.25 .20
SEAR B seassenemenrnes T T TNITIAL VALUE CTCPTULWAY CREST  TOP OF OAM ' 3
SLEVATION 991.00 1050.00 1056.00 .
| e e STQRAGE.. [ | [ S [ £ 1 ¥ (X P 2613,
JUTFLOA 0. 0. 13125.
e RATIO HAX THUM "RiifHUE"“M—FKYYMUR”"—*FTQYQUE"-~"BJ§KIYGN TIHE OF TIHE OF o
07 RESERVOIR DEPTH STORAGE OUTFLOM OVER TOP  AX OUTFLOW  FAILURE
PN W.S.CELEY QVER DAM. ... AGZET ... _GES.. ...  HOUR3 HOURS HOURS
25 135,95 .20 1725. 1999. .00 5.25 .00
.5.) 1925478 W00 . R30%a. 210309, +00 Se25 .0
1.00 1357.34 1.34 2938. 40186. 1.75 .30 .09
xaa HCRHAL gNe GF SiEC=1 s
(S

wT 4




APPENDIX 6

1955 PHOTOS OF
COMPLETED PROJECT




RZ-5294

White Tanks Project Structure #3
and diversion dikes in foreground,
White Tank Mountain in background.

View facing southwest.

Photogtraphed by Edward D. Neville on March 2, 1955.
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RZ-5318

White Tanks Structure #&.
View facing southwest, showing farm
lands protected. Diversion dike into
flood retarding basin in center foreground.

Photographed by Edward D. Neville on March 2, 1955.
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APPENDIX 7

HIGHLIGHTS OF DAMBRK MODELING,
STRUCTURES #3 AND #4

JANUARY 1991
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" TABLE 1

Highlights of Results for DAMBRK Modeling at White Tanks FRS No. 3

Breach
Location
Description No. 1
~ Water Surface Elev. at Beginning
of Breach 1209.0
Peak Outflow at Dam (cfs) -76,292
Perryville Prison - Mile 4.25 ;
Maximum Flow (cfs) 68,650
Maximum Depth (feet) 3.76
Travel Time (hours) 1.80 .
Maximum Velocity (fps) 474
Interstate Highway 10 - Mile 5.45
Maximum Flow (cfs) ‘ 45217 -
Maximum Depth (feet) 10.65
Travel Time (hours) 2.70
Maximum Velocity (ps) 8.41
Roosevelt Canal - Mile 5.75 '
Maximum Flow (cfs) 45,217
Maximum Depth (feet) - 3.64
Travel Time (hours) 2.70
Maximum Velocity (fps) 5.65
Southern Pacific Railroad - Mile 9.25
Maximum Flow (cfs) 45,303
Maximum Depth (feet) 391
Travel Time (hours) ~ "~ - 3.61--
Maximum Velocity (fps) - 354
Gila River - Mile 11.25
Maximum Flow (cfs) 37,353
Maximum Depth (feet) 4.37
Travel Time (hours) 4,70
3.69

Maximum Velocity (fps)

Breach
Location

No. 2

1209.0
| 97,_378 |

85,632
4.00
1.80
5.17

54,716 -
11.16

2.52
8.25

54,167

3.98
2.60
6.04

52,971
4.17
3.50
3.71

42,100
4.59
4.50
3.81

Breach
Location

No. 3
1209.0
73,977
67,861

371

1.84
4.91

- 47,757

10.81
272
12.39

47,757
3.74
272

584

46,306
3.98
3.68.
3.63

39,935 - -
4.54
4,72
3.76

13




TABLE 2

Highlights of Results for DAMBRK Modeling at White Tanks FRS No. 4.

Breach Breach Breach
" Location Location Location -
Description No. 1 No. 2 No. 3

Water Surface Elev. at Beginning
of Breach ’ 1053.0 1053.0 1053.0

Peak Outflow at Dam (cfs) 58,513 37,263 38,197

Roosevelt Canal - Mile 0.80
Maximum Flow (cfs) 49,081 30,845 32,248
Maximum Depth (feet) 1.78 1.28 1.32
Travel Time (hours) 050 . 0.55 - 055

i
i
i
i
i
i
i
i
1
I ‘ Maximum Velocity (fps) 478 454 460
1
i
i
i
i
i
i
i
i

Southern Pacific Railroad - Mile 3.62 . :
Maximum Flow (cfs) 36,105 24,580 24,325
Maximum Depth (feet) _ 3.63 3.16 - 3.16
Travel Time (hours) 1.45 1.60 1.59
Maximum Velocity (fps) 3.63 - 333 3.42

Town of Liberty - Mile 5.3 '
Maximum Flow (cfs) 24,008 16,554 16,467
Maximum Depth (feet) : 2.82 2.36 2.36 - )
Travel Time (hours) 240 2.80 2.83 : '
Maximum Velocity (fps) 248 2.20 222

Gila River - Mile 5.5 '
Maximum Flow (cfs) 23,124 16,033 15,944
Maximum Depth (feet) 1.53 1.11 1.17
Travel Time (hours) 2.55 3.00 3.01
Maximum Velocity (fps) 2.57 227 2.20




APPENDIX 8

ENGINEERING REPORT _

WHITE TANKS #3
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WHITE TANKS No. 3
DECLINING ELEVATIONS ALONG

DAM CREST

Report of Investigator
May 17, 1991
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WHITE TANKS NO. 3

DECLINE IN CREST ELEVATION

AUTHORITY

An investigation was ordered by the Arizona State Conservationist on
February 6, 1991 to study the cause of differential elevations along
the crest of White Tanks No. 3 Flood Retarding Structure. The
investigator appointed was William A. McFerrin, Civil Engineer with
the Flood Control District of Maricopa County, assigned to the design
section at SCS (see Appendix A). :

Specifically, the duties include an engineering investigation to
determine the facts and prepare a report to document the findings. 3
report of "Preliminary Findings" was prepared to organize the relative
documents and information for developing this report.

OBJECTIVES

The basic purpose of the study is to determine the cause of
differential elevation of over 3.5 ft. along the dam crest,

with the lowest point being &.4 ft. below design elevation.

It is also necessary to assess the potential problems which could
result from the anomaly, and discuss methods of resolving them.

In connection with potential repairs, the existence and ownership of -
right-of-way around the site is to be reviewed. Right-of-way will be

needed to provide access and construction/borrow sites as determined

through the design procedure. - .

SUMMARY OF FINDINGS

A. 1978 Report on Cracking of Earth Dams
in investigating'team was appointed to study cracking of earth
dams in Arizona. They presented an interim report on July 21,

1977 and a final report on RApril 27, 1978 (Stearns et al). The
1978 report contained the following observations:

1. Under VII. Causes of Cracking:

"Certainly, the movement associated with subsidence as a
result of ground water removal may well have aggravated the

1




cracking in scme areas. No evidence has been collected to
indicate that subsidence =zracks occur in any of the dams'
foundaticns."

Under VIII. Summary of Findings:

o
.

"A. The principal cause of the transverse cracking is
tension released because of shrinkage as the
embankments dry from placement moisture content in the
severely hot, arid climatic conditions in the area.

B. Secondary causes of cracking are:

1. Tension zones resulting from differential
settlement because of shallow foundation
compression. This is the primary cause of the
longitudinal cracks investigated.

2. Tension zones resulting from stress differences
caused by regional subsidence associated with
groundwater withdrawal.

3. Tension zones caused by stress differences
resulting from variations in type of material,
degree of compaction of moisture content in fill
materials as placed.

4. Stresses induced by tremors and earthquakes."
The report also discussed the effect of subsidence on dams,
together with planning and design concepts to prevent cracking. -

A system of monuments was recommended to monitor movements of
dams in subsiding areas.

1979 Crack Location Investigation

Fugro, Inc., Consulting Engineers and Geologists, under contract

-to ‘SCS; performed a crack location -investigation (Fugro,

Inc.,1979) on White Tamks No. 3. The work included digging with’
trencher and backhoe to locate and assess cracks. The findings,
dated Rpril 16, 1979 were as follows:

"4 .1 Conclusions

a. The maximum depth of cracking below crest grade is
eight feet as determined by Ditch Witch trenching and
flooding.

b. The deepest crack in the backhoe trenches extends to
21.9 feet.

2
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c. The dominan* mode of cracking is of the transverse
type, however, a single iongitudinal crack was observed
from Station 25+36 to 26+18.

d. "Healing" or filling of cracks has occurred along some
of the cracks investigated in the bacikhoe trenches.
The filling material 1s most commcnly loose, fine to
cecarse, well sorted sand.

[¢]

Six pipe outlets were observed to discharge water as
result of Ditch Witch trench floecding.

A

E. Two reaches of severe cracking were encountered.- One
is from Station 28+50 to 29+00 and the other is from
Station 57+90 to 58+40 (see Appendix C).

0y

No cracking was encountered from Station 0+00 to 13+3C
and from Station 69+65 to the end of structure 76+67.

h. Based upon our investigation, it is estimated that 60
percent of the FRS has experienced no cracking to date,
34 percent has a low degree of cracking and six percent
has a moderate to severe degree of cracking. :

i. White Tanks No.. 3 FRS will require the implementation
of remedial action to mitigate the potential problems
due to cracking and piping of the embankment.™

Subsequent to receiving the Fugro report, Stanley N. Hobson,
Head, Engineering Staff, WNTC, sent a memorandum dated June 20,
1979 to Ralph Arrington, State Conservation Engineer, with the
following recommendations regarding White Tanks No. 3 repair
design (see Appendix B):

"White Tanks No. 3 (White Tanks Watershed)

The pattern of cracking at this site departs significantly from
the pattern at the other sites. We are particularly concerned
about the deep crack at Station 58+50. It is recommended that
the original geology and other investigations data be studied tc
see if this crack may be explained by discontinuities in the
foundation. It may be necessary to do more investigations to
better define the cause of this deep crack. Seismic study may be
helpful. Borings to check foundation conditions may be required.

We believe it necessary to know more about the cause of this
crack before a design of corrective measures is completed."

1981 Phase I Inspection

Ertec Western, Inc. (1981) was contracted by the Arizona
Department of Water Resources to perform a phase I inspecticn

3



[

i

n po—— — v - " - -
: ] PPN . DI BTN . sl IR . i

under the authority of the National Dam Inspection Act. Ths
following Section 6.0 Conclusions and Recommendations is from
the inspection report:

"Corps of Engineers guidelines indicate that White Tanks
Retarding Dam No. 3 is a high hazard dam because of downstream
development; storage criteria indicate that it is intermediats in
size. Because of the high hazard and intermediate size class-
ification, the guidelines also indicate that the emergency .
spillway should have the capability to safely pass the PMF.
Results of this investigation indicate that the spillway can
only accommodate 60 percent of the PMF, and the dam would
experience a maximum overtopping across the entire dam crest of
up to 1.12 feet for approximately 1.25 hours, during a PMF. It
is probable that the dam would fail in the event of such
overtopping. Results of the existing data evaluation indicate
the internal structural integrity is also questionable because of
embankment cracking known to affect the structure.

Results of this Phase I inspection and technical evaluation
indicate corrective actions must be implemented during regular
maintenance of the structure and that Phase II studies must be
implemented to evaluate and ultimately correct apparent hydraulic
and structural deficiencies. Specific recommendations are as
follows: ‘ : :

1. The dam and emergency spillways should be fenced to prevent
trail bikes and off-road vehicles from using them as a
playground.

2. Because of the known embankment cracking inadequate emerg-
ency spillway, a warning system and evacuation plan should
be developed and implemented in the event of a possible
dam failure. '

3. Brush and sediment deposition should be cleaned from the
outlet structures. . _ -

4. The dam embankment should be inspected at least annually
to observe the occurrence of embankment cracking.

5. The population of burrowing animals on the embankment
should be controlled by either periodically grading the
surface to f£ill in burrows, or by covering the slope
surfaces with a rock or gravel blanket (see report in
Appendix D).

6. Plans for any remedial construction should be reviewed with
respect to the existing geotechnical conditions.




The crest of the dam should be traversed by a level survey
to determine the magnitude, if any. of any settlement sincs
completion of construction. This should censist of deter-
mining ground surface elevations alcng the center of the

- crest at 20-foot intervals.

~J
v

8. A Phase II investigation should be completed to further
evaluate the embankment and foundation conditions and their
stability, to characterize the cause(s) of recent cracking,
and to provide a plan of action to correct the deficiencies
in the embankment. Results of the level survey should be
used to re-svaluate adequacy of the spillway, and means for
modifying the spillway to accommodate the PMF should be
investigated." '

Phase IT Flood Study

A phase II study was conducted (date unavailable) by the FCD (see
Rppendix C). The study included a review of watershed boundaries
which resulted in a reduction of watershed area. The fsllowing
results were obtained with the assumption that the reserVOLr was
full at the beglnnlng of the storm.

Maximum Water

_PMF Ratio Surface Elev. Freeboard (ft.)
0.5 1212.69 3.31
0.75 ) 1213.74 2.26

1.00 1214.58 1.42

Repair Works Accomplished

The dam was repaired in 1982. The project design report
described the work as follows:

"The project consists of the removal of 200 feet of embank-

ment at Station 58+00 and replacement to its original exteriocr
dimensions. An embankment drain shall be excavated along the
centerline at Stations 18+00, 29+00, and 42+00, for 200 feet each
to depths of 7.5, 12.0, and 10.0 feet respectively. Each

trench shall be excavated approximately three (3) feet below

the maximum depth of crack observed as recommended. Each

trench shall be graded to its individual outlet. The trenches
and outlets shall be filled with well-graded drain fill material
of maximum size passing the 1-1/2 inch sieve."

Discovery of Decreasing Elevation of Dam Crest

During the construction of repair works in 1982 an apparent
anomaly was found in the elevation of the crest. A survey was
ordered and a differential elevation problem was confirmed (see




Rppendix D). Elevations were taken at 250' intervals. The
lowest elevation recorded was 1213.5 at Station 10+00. while ths

~highest was 1216.9 at Station 75+00. The maximum differential

settlement measured was 3 4 feet. The as-built dam elevation was
1215.

Subsidence Monuments

2 system of subs dence monuments was established in 1984. Sever
dench marks were placed at 1000 ft. spacing from Station 10+00 *=
70+00 along the centerline of the dam. They were numberzd A-1
through A-7. Correspondingly, seven existing benchmarks located
at the downstream toe of slope, with the same stationing, were
numbered B-1 through B-7.

éurveys of the monuments were conducted in 1984, 1986, 1990 and
1991. The "B" monuments were also surveyed in 1982.

Updated Hydrologic/Hydraulic Analvysis

In 1981 Ertec performed the hydrologic investigation of White
Tanks No. 3, described hereinbefore in paragraph C. In 1983 the
Flood Control District confirmed the results. The conclusion was
that a probable maximum flood would overtop the original design
dam height by over one foot, even with the reservoir initially
empty.

Additional studies have been prepared by the Flood Control
District, with the latest being A Hydrologyv RAnalysis of the White
Tanks Flood Retarding Structure No. 3 and No. &, dated October
1989. These need to be reviewed during the planning stage for
repair of the dam.

This Study

At thé_fime of construction in 1954;7the datum used for

construction was the 1948 elevation of USC&GS BM H265. No
allowance for subsidence was made, whereas the subsidence rate
was estimated by the ADOT in 1967 to be approximately 0.1 ft. per
year. Since the dam was constructed six years after the original
survey, the BM elevation was probably about 0.6 ft. lower then
when set, and the crest of the dam was probably built 0.6 ft.
lower than design, or elevation 1215.4.

The difference in elevation between the lowest subsidence
monument on dam centerline (Sta. 10+00; elevation. 1211.56) and
the highest subsidence monument (Sta. 70+00; elevation. 1215.10]
was 3.53 ft. at the time of the latest survey on 07/91. This
represents the accumulation of differential settlement since
construction of the dam in 1954.
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The northerly end of the dam is close (several hundred feet) tc
C&GS bench mark H265. The southerly end is near bedrock. The
differential settlement between the ends of dam is nearly the
same as the subsidence of H265. The historical rates in ft/year,
of differential settlement and subsidence are also similar. The
total subsidence of the dam since construction is estimated to “e
3.8' at station 10+00, which is 4.4' below .crest design. The
southerly end has experienced little subsidence while the
northerly end has subsided about the same as H26S.

Structure No. 3 lies on the westerly limits of a groundwater
basin. Drawdown records from 1923 to 1977 show a steep decline
in the water surface from west to east across the dam. The
differential groundwater decline would influence differential
subsidence.

Analyses of subsidence surveys for 1982 through 1990 show the
ends of the dam have subsided somewhat as blocks, while the
central portion has sustained the strain of differential
subsidence. On the southerly end, this can be explained by
relatively low total subsidence from approximately Station 60+00
to Station 75+00.  On the northerly end the section of dam
between 0+00 and 30+0Q is parallel with the lines of equal
groundwater surface decline, so the subsidence along that reach
of the dam would be expected to be nearly uniform.

IV. SUBSIDENCE IN ARER OF DAM
Bench marks were installed along Beardsley Canal by the Coast &
Geodetic Survey in 1948, at one mile intervals, at each major street
intersection. The closest one to White Tanks No. 3 is BM H265 at -
Glendale Avenue. It is several hundred feet east of approximate
Station 17+00 (see Figure 1). '
Conversations were held with Mr. Carl C. Winikka, Asst. State Engineer
(retired) from ADOT. He provided subsidence information for four
bench marks along Beardsley Canal at Camelback, Bethany Home,
Glendale, and Northern (see Figure 1). The information is tabulated
~ below. o B
Street Bench Subsidence {(f%.) Subsidence Rates {(ft./yr.)
Crossing Mark 1948-81 1948-67 1967-81
Camelback F265 2.781 0.1133 0.0452
Bethany Home G265 1.902 0.0754 . 0.0849
Glendale H265 3.256 . 0.1088 0.0849
Northern J265 2.548 0.0655 0.0931

- Rates of subsidence have decreased except at Northern Avenue.

Decreases would be expected as use of the groundwater system naturally

7
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changes from mining of the water toward lesser use and stahle’
relationship between extraction and recharge. The increase at
Northern could be cavsed by increased extracticon »r 3iminution of
volume of the water bearing strata without decresased exitraction.

A survey performed in July 1991, for the Flcod Control District showei
the slevation of H265 to be 1195.691 {adjusted). The subsidence cf
the BM since rhe previous survey in 1981 was 0.44& £t.. indicating =
rate of 0.0444 ft/yr. for the latest 10 vears. :

DIFFERENTIAL ELEVATIONS OF DAM CREST

=]

Discovery

A contract was awarded to G.R.L. Construction on September 16,
1981 for repair of cracked areas of structures No. 3 & 4., The
project was complataed in August 1982,

On December "10, 1981 the project survey crew ran a level survey
along the centerline of the dam, taking shots at 250 feet inter-
vals (see Appendix D). The slevation at station 0 + 00, the
north end of the dam, was 1213.9. At station 76 + 65, the
southerly end of the dam, the elevation was 1216.&,0r 2.5 feet

~ higher than the other end. The difference in elevation between
the highest and lowest points was 3.4 feet between elevation
1213.5 at station 10+00 and elevation 1216.9 at station 75+00.
This survey marked the discovery of the declining elevation
of the dam crest.

B. Possible Causes

Four possible causes for decrease in the crest elevation are:
-- initial construction error;
-- consolidation of the dam fill;

-~ consolldatlon of the alluvial foundation materlal under the
dam fill; e -

-- general subsidence caused by mining of groundwater.
1. Initial Construction Errcr

Sufficient survey data were not found in the files tec show
that final survey of the top of dam verified it was
constructed to the design level. However, plotted final
cross sections for Stations 30+00, 39+00, 63+00 and 73+0Q0
indicated the structure was properly completed.
Furthermore, the survey data required to prepare earthwork
quantitiss for payment should leave little chance for a
large error in final finished grade.

9
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The constructien survey for the dam. dated 3/31/5L, was
based on the 1348 elevation of USC&GS bench mark H265
(elevation 1199.391), located at 5lendale Avenue and
Beardsley Canal. No correcticn was made for subsidence
during the six-year interval. The 1967 elevation of H255
was 1197.32, and the average annual subsidence for the BM
was 0.109 ft./year for the period 1948-67. The actual
elevation. cf BM H265 was probably about 1198.8 in 1954. The
dam crest would have been constructed about 0.6' lower than
design. ' :

Consolidation of Dam Fill

The dam construction specifications requiredifill'to be
compacted to 95% of Standard Proctor Density, with a maximum

depth fill of about 29 feet. Consolidation after this levsl

cf compaction should be negligible.

Consolidation of Alluvial Foundation Material Under the Dam

Consolidation of the foundation material due tovthefwéight
of the dam can be expected, but cannot be readily quantified

. without bench marks designed specifically for measuring

sonsolidation.  Furthermore, it is difficult to

differentiate between consolidation due to the weight of the

dam and consclidation (subsidence) due to lowering of
groundwater level. ' '

An indicator of foundation consolidaticn due to the weight
of the dam may be the change in differences between
subsidence monument elevations on the top of dam and those
at the left toe of slope. Surveys conducted in February
1984 and July 1990 indicated consolidation of the dam
foundation during those 6.5 years was as follows: (see
Appendix E): *

2/84 to 9/90

_ "Apparent"
Bench Marks Station - Conselidation. (ft.)
Al - Bl 10+00 0.025
A2 - B2 20+00 0.045
A3 - B3 30+00 0.051 .
A4 - B4 &0+10 0.026 &
AS - BS 50+00 0.025
a6 - B¢ : 60+00 0.050
A7 - B7 70+00 ---k---

0.037 (average)

* BM A7 was reset, making A7 - B7 irrelevant.

19




The magnitude of the rate of consolidation during the period 2/%
to 8/90 was about 0.92057 ft/year. This compares with the

calculated rate of subsidence 0.0849 ft/vear at &GS tench mark H

265, located near BM A2 and B2, during the same reriod. The
estimate was based on the assumption that the subsidence rate
continued to be the same during 81 - 30 as it was Juring 67 - 81.

There are sevaral points to be made from the abave results which
indicate consclidation due to dam weight is not an impcrtant
factor in the differential settlement along the structure.
First, a relatively high "apparent” consclidation {0.050 ft.}
occurred at Station 60+00 of the structure where settlement was
low. Secondly, there is no clear pattern of differential
consolidation which relates to the differential elsvation
measurements. Furthermore, the rate of "apparent" consolidation
(0.0057 ft/yr) is very small compared to the estimated rate of
regional subsidence (0.0849 ft/yr).

It should be pointed cut that the above conclusions are only
indicatad. The movement of monuments at the toe of slope can be
misleading because they might move in an unpredicted direction,
depending on settlement conditions.

. General Subsidence Caused by Mining of Groundwater

General subsidence due to lowering of groundwater levels is
clearly the major contributor to settlement of the dam.
Figure 2 shows how the dam is located along the westerly
boundary of a groundwater basin, and how groundwater levels
changed during 1923 to 1977. It also indicates why the
structure has been subject to differential settlement:

a. The proximity of bedrock near the southerly end would
reduce settlement there, while the northerly end would
be expected to settle at approximately the same rate as
the nearby bench mark H265 at Glendale and Beardsley
Canal.

b. The gradient of the groundwater surface at the
structure indicates that soil moisture conditions help
cause differential settlement in the manner it has
occurred. Lesser subsidence would be expected where
the change in the groundwater surface elevation 1is
less.

Surveys conducted during 1982 to 1990 show that the
ends of the dam tend to subside as blocks. The
approximate stationing of these blocks is from 0+00 to
30+00 on the northerly end and 60+00 to 75+00 on the
southerly end. The northerly block movement can be
explained by the fact that it parallels a line of equal

11
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groundwater level decline along which subsidence woul?

be exrected to be nearly uniform. The southerly block

is located over or near badrock where subsidence shoull
be minimal.

3ince subsidence monuments wers installed in 1984.
survevs have shown the lowest monument to be A-1,
located at Sta. 10+0C, and the highest to be 1-7,
located at Sta. 70+00. For the July 1991 survey ths=
calculated elevations were 1211.561 and 1215.0%1,
respectively. The difference between the two was 3.%3
feet. The original design elevation was 1216.0, about
4.4 feet above monument A-1.

Subsidence Analysis

(@]

Bench mark H265 subsided 3.256' during the period 1348 - 1981 (33
years!. The differences between elevations of bench marks Al and
A7, located on the centerline of structure, was 3.529 feet in
July 1991, 36 years after the dam was ccnstructed with uniform
crest elevation. The rate of subsidence for H265 during 1948 -
1981 was 0.0987 ft/yr, while the rate of differential subsidence
between Stations 10+00 and 70+00 was 0.0954 ft/yr. The
implication is that the southerly end of the structure sustained
little subsidence and the northerly end subsided about the same
as BM H265. : :

Total differential subsidence between BM Al and other 'A' BM's is
" plotted in Figure 3. Rnalysis of the difference between Al and
A7 shows differential subsidence between the two points occurred
at the following rates:

Rate of

Period Differential Subsidence
1954 - 1984 0.0843 ft/yx .
2/84 - 7/86 0.0579 )
7/86 - 8/90%* 0.0354

*Based on estimated elevations of A7 in 1990 after reset of BM A7.

The figures indicate the rate of differential subsidence is

decreasing. By comparison, the most recent data available for

subsidence of H265, showed subsidence rates of 0.1088 ft/yr for 1948 - -
67, 0.0849 ft/yr for 1967 - 81, and 0.0444 ft/yr. for 1981 - 1991.

The most recent survey of dam centerline was taken December 17, 1990.
Figure & is a plot of that survey, and shows the current relationship
between the spillway and the dam. The approximate average elevation
of the spillway is 1.9 £t below the lowest point surveyed on the dam.
The design maximum water surface was 3 ft above the spillway
demonstrating that the dam could not withstand such an event.

12
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Figures 3 and & also dewnnst“ate that little differential subsidence
took place between Statisns 0+00 and 30+00 on the nertherly end, ard
betwezn 60+00 and 75+20 on the southeriy =nd as previously dizsoussed.
The elevation of subsidence monument A-1 was 1207.383 in July 19°1,
tazed =on BM 8-90. Ties to U3C&G3 monuments showed the correct
elesvation %o be 1211.561 in accordance with BM Q475. The orizinal
design called for a crest elevation of 1216.0, so the lowest sxisting
crest elevation is 4.439' below design level.

L

SUBSIDENCE RELATED TO CRACKING

Considering the scope of differential subsidence along the dam crest,
it might be a much greater contributor to cracking than was previsusly
assumed. The crack team and Fugro studies assumed that desiccation
was the main problem causing transverse cracking, and ths shallow
foundation consolidation was the main contributor teo longitudinal
cracks. However, there were no survey data available for those
studies to specifically assess subsidence of the structure.

Analvsis of the surveys taken in 1982, 1984, 1986 énd 1990 were made
based on the assumption that upon completion of the dam in 19 4 the
crest was level at the design elevation.

Figure 3 shows overall differential subsidenue between subsidence -
monument A-1 and the other "A" monuments, based on surveys in 1984,
1286 and 1990. .

Figure 5 shows rates of differential subsidence {ft/yr) for The "A"™
monuments during the time periods 1954-1984, 2/84-7/86 and 7/86-8/90.
The significance of the curves is that the first shows a high rate of
strain between Stations 30+00 and 50+00 during the 30 year period
1954-1984. In more recent vears, the area of maximum strain has moved
to Station 50+00 to 70+400.

Figure 6 is a plot of the rate of differential subsidence between : _
subsidence monument Bl and the other "B" monuments for the pericds

5/82-2/84, 2/84-7/86 and 7/86-8/90. The rates of subsidence for the

5/82-2/84 period are similar to those for the 30 year period for the

"A" monuments, while the rates for the ‘later periods again are less

and indicative of higher strain in the area of Station 60+00.

All the rate curves indicate a slowing in differential subsidence in

recent years. However, the area of maximum strain, or the maximum -
relative subsidence between two consecutive subsidence monuments, has

apparently moved from the central portion of the dam (stations 30+0QC

to 50+00) to the southerly portion {stations 50+00 to 70+00). This

could be explained by recent stabilization in groundwater levels at

the center section, while the water bearing strata below the southerly

end continues to dewater.

Figure 7 shows a family of plots of differsntial subsidence for "A"

and "B" monuments. These curves clearly show the maximum strain in

14




e

DIFFERENT AL SUBSIDENCE WAS DETERMINED BY SUBTRACTING THE
ELEVATION OF 'A—1 FROM THE ELEVATION OF A-1 THRU A-7.
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VII.

the dam £ill has been in the area of stations 50+00 o 70+00 during
the most recent years.

In the memo from Hobson to Arrington dated June 20, 1979, concern was
expressed about the cracking pattern of white Tanks No. 3 being

different from thoses of other dams. BAn explanation could not te mada
at that time. There is no direct proof that differential subsidesnce

was the cause of the large crack, or unusual crackipg pattern but the

survey analyses strorgly suggest that it may be at least partially
responsible,

UPDATED HYDROLOGIC/HYDRAULIC ANALYSES

A. Dhase I

In 1981, Ertec Western, Inc. performed a hydrologic/hydraulic
investigation as part of a Phase 1 inspection report for White
Tanks Retarding Dam No. 3. The analysis was made with a HEC-1
rmodel. : L

N

The Flood Control District, in 1983, ubdated the analysis with
us2 of the latest version of HEC-1. The District concurred with
the earller analysis and the results were summarlzed as follows :

a. The structure would be overtopped 1.12 feet durlng a
Probable Maximum Flood (PMF) if the structure were
initially full. ,

k. The structure would be overtopped by 1.02 feet during a PMF
if the structure were lntlally empty

¢. The structure would not be overtopped during a 1/7 PMF
event. The analysis was based on the assumption that the
crest elevation of the dam was the same as as-built, 1216
feet. No allowance was made for subsidence of the crest ty -
approximately 4.0 feet relative to the spillway. The dam
would therefore be overtopped sooner than the study
-ndlcated

B. Phase II

According to the 1984 dam inspection report (Appendix C), White Tanks
No. 3 is rated a small dam in a high hazard location. The standard -
design flood criteria for this rating is normally 0.5 PMF.

The Flood Control District submitted a Phase II flood study to the
ADWR (apparently early 1984, date not available). The study included
a field review of the watsrshed boundary contributing runoff to the
dam. The report indicated portions of the watershed were lost

- through avulsion caused by training dikes and diversion channels north

of Northern, and flows from the Catarpillar Test Grounds. The reduzed
watershed area input yielded the followlng results through HEC-1 -

analysis:
18



yr

o

0.

0.

0

0.

0.

.06

10

.. . | G | : end L R A T SRR W | Ll s et | i
BN N N BN BN BN B B B R D E AN B I EE EE B e

l‘.‘f.x S ] l e .?

ool

.

. POINTS ON CURVES REPRESENT RATES OF DIFFERENTIAL SUBS IDENCE
OF BENCH MARK B—1 WITH RESPECT TO OTHER

IIBH

BENCH MARKS.

T
t

!

-
L

08

] H T

t T L
f T
1 T

34N

! 754
; oY
SSi Sfitet
' ¥ SEEa LEGEND
| 1 aRam & 5/82 — 2/84
e BEE RN
- 11 e 2/84 — 7/86
1 ! [ A . '
04~ : T / T

a 7/86 — 8/90

02

i
. d : T
: T —
; . 7 t ! Y 7
T - SERENERS ,
{TH JRE] —

0

¢ STATIONING

60+08 70407

6o 7D
op * FIGURE 6

DIFFERENT I AL

SUBSIDENCE RATES
MR MONTIMENITC

B—6  B-7




(14) 06/8 — +¥8/27 3ION3IAISENS SSIOXI IVLIOL
< O o]} mm mw Mw

2
.2
0.1
0
0.
0
0

g

T - D - st
] HE ) DN H : . R ., § : ]
‘ ¢ o s sl L i : . — !
1 .
A N N BN B BN En B BN EE B O BN e EE B E.
i
gl

.- 0.28
70

P SRR S

86 "

A
8/90

.

60

/84-7
/86
{
|

ilg
I

-
50

o
!

40

¢ STATIONING

'
i

!
!
86

/90

iy

[
(207N

20

7
8
8

|

FIGURE 7
DIFFERENTIAL SUBSIDENCE

B~1 HAVE SUBSIDED THAN]

THE OTHER BM's IN THE

OF A & B MONUMENTS
MUCH MORE BM's A—1 AND}-:
SAME SURVEY L INE.

I

{

/

M 2/84—

fommsiaaeny #oN il e
S~ o
v —| sl I T -

LA |

" B-

L2 INOTE: THESE CURVES SHOW HOW |

T ABM 2
B
B

]
H
)
!
t

{

0.12
.10
08
06
.04
02

0
0

o o o
. 1—8
(34) s.Ag ¥3IHLO OL omm<azooA_n<vmo 3JON3QgIs8ns

{




Maximum Water

DME Ratio Surface Elev, Freebcard Ft.
- 0.5 1212.69 3.31

3.75 1213.74 2.25

1.00 1214.58 1.42

The available freeboard (assuming the crest is at Jdesign elevaticn
1218) exceeded the 1984 requirement.

VITI. ABRITIONAL INFORMATION NEEDEDN

3. Short Term

have been based on the bench mark "DEAD", and have varied

from ather USC&GS monuments about 3.7 feet. In order to achieve
direct comparison with design and as-built data, all subsidence
surveys should be tiéd into-a grid »f USC&GS monuments
established in rock. Future subsidence surveys would then be
more easily analyzed to determine actual subSLdence and to
perform hydrolOglc/hydraullc reviews.

The subsidence surveys for White Tanks and Buckeye structures EM

Long Term

Subsidence surveys should be performed every two or three years,
and should always be based on a bench mark in rock. The
frequency of survey might be reduced to once every five years if
the rate of subsidence decreases significantly. Water levels
should also be determined for wells in the vicinity, preferably
at timing close to that of the surveys. Subsidence changes and
water level changes can be determined and compared. Water
level information is available at the Arizona Department of Water
Resources, Basic Data Section. It can also be found at the
Maricopa County Water District No. 1 Office, which monitors water .
levels in the area.

IX. DESIGN PROBLEMS
Orizinal and Repair

. There is little information available regarding the original design sf

the structure. However, it is likely that the problem of subsidence _ -
in the area had not yet been observed, and was therefore not

considered.

When studies were performed in 1978 and 1979 to determine the cause of
cracks in the dam, subsidence was discussed, but no attempt was made
to determine if it would be a causative factor. Available informaticn
+herefore led to the conclusicn that transverse cracking was mostly a
result of desiccation. :

1 -




XI.

EXISTING RIGHT-OF-WAY

The dam and rsservoir are on Flood Control District right-of-way.
Assessor's parcel numbers and maps are provided in Appendix F. The
right-of-way perimeter follows the high water line.

The prcperty south of the central section of the dam is owned by
Maricopa Water District.

RECOMMENDATIONS FOR REPAIR

A.

(@}

Determine Existing Conditions

Tctal subsidence along the dam centerline ngeds to be determined
at 100 ft. intervals. The reservoir floor elevation also needs
to bes surveyed and the volume of existing reservoir verified. The
watershed boundary determined in Phase II should be confirmed.

Estimate Future Subsidence

Future subsidence of the dam and reservoir needs to be estimated.
The information will be used for design of repairs to maintain
sufficient freeboard even after projected subsidence has been .
achieved. : :

A preliminary estimate of future subsidence was made by plotting
the survey vear versus the elevations of BM H265 (Figure 8). As
an approximation, it was assumed that the first survey year
{1948) occurred 18 vyears after the beginning of subsidence. A
line was extended to demonstrate the minimum apparent life of the
structure before subsiding a given amount. For example. 2' of
fill would compensate for the subsidence which would occur in the
next 56 or more years. '

Verify Hydrologic/Hydraulic Conditions

Review Phase II studies/reports prepared by the Flood Control
District. . Review the latest District report titled "A HYDROLOGIC-
ANDALYSIS OF THE WHITE TANKS FLOCD RETARDING STRUCTURES Nco. 3 AND
No. 4" dated October 1989. Perform a new hydrologic/hydraulic
analysis as necessary to determine the options for repair to make
the structure safe under conditions of the appropriate storm
event (100-yr, 1/2 PMF or PMF). Options will include increasing
the reservoir capacity, increasing the spillway capacity,
breaching the dam, construction of an additional spillway or
other improvements arrived at through the design procedure.

Design Repair Works

Actions A, B, and C above are necessary for preliminary planning
of a repair project. However, no detailed recommendaticns are
made herein as to how to design and construct the repairs.

22
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201 E. Indianola Avenue

Zamo\ United States Sail -
A)!) Department of Conservation Suite 200
I Agriculture Service : Phoenix, Arizona 85012
Subject: ENG - White Tanks #3 Date: February 6. 1391

Investigative Committee

To: William McFerrin } . File Code: :lC
Cesign Engineer -7

Fecent top of dam surveys ror the White Tanks #3 FRS shows that the cresz
has sustained significant decrease in elevation in a south teo north
direction. Maximum difference in elevation is approximatelvy 3.8 rt. This
‘means that the hydraulic freeboard value for the spillway design hvdrograph
is inadequate for this existing high hazard Class "c" dam.

It is necessary to conduct an engineering investigation to determine the’
facts and prepare an engineering report to document the findings. After
consultation with Richard Van Klaveren, Head, Engineering staff, WNTC, vou
are hereby appointed as investigating engineer for this job.  Follow the.
policy., procedures and guidelines, as approprlate. contained in the NEM Item -
504.04 page 504-3.

Please schedule vour work so as to complete a draft of the report by May 3
1991. Please keep the State Conservation Engineer appraised of yecur -
progress.

i) ot

DONALD W. GUHMERT
State Conservationist

cc:
Richard Van Klaveren. Head., Engineering 3tarf. WNTC, Portland, ¢
~ Bart Ambrose, ASTC (P), Phoenix = -
Ralph Arrington, SCE, Phoenix
Jon Hall, DC, Phoenix Fu
Jeoe Knisley Jr., AC, Tucson
John Harrington State Design Engineer, Phoenix

IR S

The Sod Conservation Service
is an agency of the
u Dapartment of Agncuiture
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Hibprbs

CT:

Pl

}/7-/';/,—‘)’,/_,\_/_,[/ s

United States Soil West Techrical Service Lenisr 04 -
Y 4 rat Fd r ~—< //
1 DEE“?“Q“’°f g:;;ig“'on Si1 MW Broadwazy, Rm. 510 0T/
A - [y
Agriculture Pertland, Oregon §7200

EN - Arizong Cams - Crack Location oate: June 20, 1979

A&E lnvestigation Reports

Ralph Arrington, State Conservation Engineer
SCS, Phoenix, Arizona

The reports prepared by Fugro, Inc. of their Tincings and recommendations
for the Buckeye #1, White Tanks #3 and #4, Mzgme and Vinsyard Road Dams,
have been reviewed with much interest. The reporis are well prepared.
Data is presented in & Jogical, easy-to-use manner. ‘ :

Analysis of their data verifies that repair work is necessary at all five
structures. With the possible exceptions of White Tanks #3, it appears
£

sufficient investications have been made to obtain data to determine the
extent and magnitude of needed repairs. : :

In the recommendations section o7 the reports, the consultant refers to
proposed drain-filled trenches as cutoffs. Such terminology is not.
consistent with earth dam nomenclature where cutoff normally signifies
an impervious barrier. We suggest thet the terminology in the reports
be changed.

Buckeye #1 (Buckeye Watershed)

Alternate "a" is an interesting concept and upon further study may prove
to be a viable solution. You may want to have your designers check it

out.

to repair this structure. If you

Alternate "b" is favored by our stattv
ested that in preparing the designs, vou

select this alternate, it is sugag
insure that:

1. The drain trenches extend well into uncracked areas at each end.

2. Detail the outlets similar to those installed at the Rittenhouse Darm.

3. Apply any lessons learned at Rittsnhouse to improving the design
concept and specifications.

4. 1Install repair measures in guestionable areas as well as demonstrated
distress areas.



Ralph Arrington
— - 6/20/17°

White Tanks #3 (wWnite Tanks Yatershad)

of cracking at this site cegarts significantly vrom ihe

The pattern
attern at the ciher sites. We are particu]ar]y concerned about the

deep crack at ctztion 58+05. It is recommended that the original
geology and other investigazticns dzta be studied to see if this creck

may be explained by discontinuities in the foundation. It may be
re investiigations to belier define the cause of

necessary to do mo
Borings to check

this deep crack. Seismic stucdy may be helpful.
foundation conditions may be required. .

We believe it necessary to know more about the Cause of this crack

before a design of corrective meesures 1s completed.

White Tanks 24

Alterpate "a" presents @ real possibility to colve the potential problems
s~ at this site. It is suggested that this pessibility be fully eveluated

in selecting repair measures.

From the standpoint of evaluating the overall condition of the cam,

alternate "b" provides the opportunity to observe and log all tne cracks.

The data collected show this structure to be badly in need of repeir.
We do not look at alternate "e" as a vizble solution. It appears that
i< the best choice far long-term correction of the problem.

alternate "a"
The suggestions enumerated for the Buckeye #1 repair chould be considered

in the design of repair measures for the Vineyard Road Dam.

Magma Dam (Magme ‘atershed)

Data collected indicate this structure has serious problems. The extent ' -
can better be evaluated aiter completion of the Fugro jnvestigations of
carth crack-potential and the USGS bedrock profile study that is planned.

STANLEY N. HOBSON 2
Head, Engineering Staff

cc:- ,
Thomas G. Rockenbaugh, State Conservationist, SCS, Phoenix, Arizona

I Vineyard Road Dam (pache Junction Gilbert Watershed)
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| @ sTATE OF ARIZONA ®

l . DEFARTMENT OF WATER RESOURCES

]' INSPECTION OF OPERATIONAL DAM

J_'lAME OF DAM wWhite Tanks No. 3 FRS __ DAM NO. 07,28

- TYPE OF DAM __Earthfill FREEBOARD FT,
. JTORAGE LEVEL Dry FT, g ABOVE |
' . . T bex) ABOVE  spiLLWAY CREST
""‘IONTACTS Paul pirierro, Earl Xirby, g;ggg control Digtxict of Maricona C . Lounty

l Smith Covey, SCS, Phoenix ‘ '

The embankment shows sBome rilling in tha soft fill of the upstream slope where material
excavated frem the filter trench was spread. = ,
The Qowngtream and upstream embankment slopes have scme desert species vegetation in
different densities along the length of the dam, o

No apparent cracka or sinkholes were noticecable,

Thé historic sinkhole near the upstream toe naar outlet “L". (station 46+00 (1954) and
Phase I) has been covered by maintenance dresslng of the channsl along the upstream toe
of the dam. : :

/ .
'rhe effect ot the 1981 repairs has not been altéred by evidence of new cracking activity
in tha emhankmant

; IU’I‘LE'I‘ WORKS

- 1. The outlet at station 63+80 was opened to allow light thru. The tube appeared clear.,
I Extensive spider webs ware noticed, No unusual change in grade or line was apparent

) although basin subsldence may have occurred. The gate was clean and functioned emoothly.
The outlet cobble rubble outlet basin was clean. B

+ The outlets at station 46+00 and 29400 were also in satisfactory condition,

T

PILLWAY

The spillway channel has a light to moderate cover of dasert habitat vegetation over a
s0il generally having a gravel surface texture. The extent of vegetation will have a
minor retarding effect on flows during low stages of discharge for storms greater than
the assumed 100-year frequency. :

_1|
INSPECTED BY! D.E. Creighton, . J.r..ﬁ@/ DATE OF INSPECTION:
l’HOTOS YES XX NO 'DATE OF REPORT! __June 18, 1984 \

1
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{te Tanks No. 3 ¥RS (07.-28). ' ‘

The cracking problem has had a xamedial treatment of a gravel filter core drain with
outlets installed in 1981-1982 and a breach and embankment replacement at station 58
(atation 56+10 to station 59+90).

r
Tha Phase I Report ;ndicated that the partial PMP capacity for thig structure was about
0.6 pm' (0.8 f£t. fzeeboud at 0.5 PMF, 0.50 ft. overtop at 0.75 PMF).

white Tanks Dam i rated as a high hazard location structure with a small size rating, }
The normal SDF criteria for this structure 15.& PMF,

g M pe- Accussiion ,uz,{.v- fr037 "
The FCDMC has subm;tted a revised Phaae IT £lood study for this structure. “rthe study
included further field review of watexrshed boundary conditions for determining the water-
shed area contributing to inflow. fThe study indicates that with the shedding of water-
shed area by avulsive breaches of the training dikes and diversion channels north of
Northern Avenue, and flows from the Caterpillar Tast grounds, and with a £ull reservoir
at the start of the storm the maximum watar surface elevations and freeboards would be
as shown below for full and partial PMP flows.

. Max. Water -

» PMF Ratio surface Elev. Freeboard
0.5 1212,69 3,31
0,75 1213.74 2,26
1.00 1214,58 1.42

This exceeds the criteria for freeboard at the current level of f£lood diversion channel-
ization of the watershed generally lying morth of Northern Avenue and south of the control
exerciged by McMicken Dam,

A 100-year currant criteria routing for the 23,69 sm watershed may be near the 0,25 PMF
Phase I results. This would indicate a 2.82 ft, freeboard. The results from a specific
100-year precipitation would be expected to he scmewhat different., Whether the difference;
would be significant for meeting freeboard criteria would be problematic. For a 100-year
Irequency analysis 1t nay be appropriate TO include the area betwwsn Lhw MUMIuheu Daw and
the Beardsley Canal dike in the gross watershed area with the northern subarea still o
subject to possible dike breaching, This area may become particularly critical for a more
securs level of local development flood protection in view of the increasing subdivision
development being experienced under the Beardsley Canal.

As-built drawings and the affidavit of total cost have not been received to date for the -
drain repairs to White Tanks No. 3 FRS. The as-built drawing should include the location
and current elevation data for outlet worka "x*, "L" & "M", It is procedurally ilnappro-
priate to issue an updating license for White Tanks No. 3 until the final fee determina-
tion has been satisfied and as~built drawinga are on file, Minimum pool elevation licensze
restriction should be based on lip elevation of outlet “L" instead of outlet "K" (1952
data, unlsss changed by 1984 data), The status of the upstream seeding is also uncertain.

Bids are scheduled to be opened June 27. for a contract .to put granular dam crest plating
on White Tanks #3, White Tanks #4, and that portion of Buckeye No. 1 not showing cracks.




ite Tanks ¥o. 3 (07.28)
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RECOMMENDATIONG

With the increasing housing being located below the Beardsley Canal batwaen Northern
Avenue and Beardsley Road an upgrading of the storm diversion reliability along the
Beardsley Canal to a 100-year level should be the criteria for checking the comparative

White Tanks No, 3 reservdir performance under 100-year or i PMF stoxm criteria for free-
boaxrd. ' '

An emergency action plan should ba prepared, submitted for raview and approval and kept
current. .

An updated license of approval for white Tanks No. 3 should be issued following receipt

of the as-built drawings including current outlet works elavations, and the affidavit of

final costs for the repair construction. 7These items should be received by December 31,
1984, -

This high hazard location dam should be inspected annually.

Spacial effort will be requirad to detect probable future cracking evidence after the
placemant of surface plating graval on the dam crest.

The ssttlement point survey data’ should be obtaihed and reviewaed.
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ENG 210-12 Construction Progress Date: February 9, 1982

February 1, 1982

. white Tanks No. 3 and 4 Repair

Ralph M. Arrington
State Conservation Engineer

I visited the White Tanks repair Monday, February 1, 1982 to check the construction
progress. The only work being performed was the placing of the fill in the
section that was removed. The contractor has completed approximately 1300 feet of
the drain trench, but was not working on these items this day.

I was .discussing the job with Mark Eddington and he informed me 'that they ran

ek iNg,

a level circuit along the centerline of White Tanks No. 3 which showed the north
end of the dam being 2.5 feet lower than the design elevation of 1216.1.

The following are the elevations at 250 foot intervals.

Top Flevation

///L. r )L/ o

‘John L. Sullivan
- Construction Engineer

Station Top Elevation Station

0+00 1213.9 42+50 1215.0
2+50 1214.6 45+00 1215.2
5+00 1213.8 47+50 1215.0
7+50 1213.6 50+00 1215.9
10+00 1213.5 52450 1215.4
12+50 1213.8 55400 1216.1
15400 1213.8 57+50 1215.7
17450 1213.8 60+00 1216.3
20+00 1213.8 62+50 1216.2
22+50 1214.0 65+00 1216.1
25400 1213.8 67+50 1216.6
27+50 1214.0 70+00 . 1216.4
30+00 1213.6 72+50 _ 1216.5
32+50 1214.0 75+00 1216.9
35+00 1214.2 76+50 1216.5
37+50 1214:6 76465 1216.4
40+00 1214.7

cc: Mark Eddington, Project Engineer, Chandler Construction Office

Tne Sod Consersation Service
'S an agency of tne
Deoartment of Asncullure

Bt
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APPENDIX E

Subsidence Survey Data
“  and
Consolidation Estimate

The following data are from subsidence surveys taksn February 1984 and July
1990. The change in the difference betwesen "A" monument and "B" monument
is calculated and may represent consolidation cduring the period between
Surveys.:; R C e o

-

" Monument 2/3§w§urvey 7/90 Survey . ™Apparent"
Number A -8B A -8B Consolidation

1 10.097 o 10,072 oLt 0,025 -

2. - 18.920 - 18.875 S0, 045
N 2 - .= 21.584 - 21.533 LT 040510
bl 20,181 - 20.155 e D.0268
o5 - 237080 23.055 C o %0.025 -
24,634 26.2384 0.050
18498 X X

o

-

:é 'iﬁbnﬁment A-7 reset. =
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Benchmark Jocatrorn
/v 8-90 ‘
Basis Hor /970 elevations
on (IHiTee Tawks No. 3

Eleu * 1280682 o -

LIHITE  THFNKS SITE No. 3 , /990 4 —

A-) 1207.979 a-/ NP7POT
A-2 1208.267 B2 - /37377

A-3 1208.50¢ ' 5-3 1186577/

A-4 1209. 204 D - B 189.0%9
A-S 1210 . (/8 ' B3-5 187563
A-G /2/0.680  B6 1186476
A-7

121). #HS <+ Rest ofic | B3-7. /92.29¢

| ~

SUBSIDENCE SURVEY |

! ¥ L l

WHITE TANKS FRS, MARICOPA COUNTY, ARTZONA , ‘ JULY 1986 _ |
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07/86
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hdiniE " i HIBGN B v
o - HRSTY] AR ' - B g ¥

e




fr AT

\ 53 Wity L

i - v ) s N [T P 3 ; . v g ERENEN T B E N . - ey e e
. : i : Do, e Vel L2 s S B . : . . o l
. : RN EACTRT LSRN [ K iyt R BRI B . . ; TN \ L :
- . - - " pa . Ry —— i T ‘ .

f Tan | TaN
g '
t 3 )
- . . E i g _ NORTHB=
2 2 2 3 1E
- TIRAlL Rp. O % 3o 8, AL aAls
g R X <Y
— 0o 2e 262150 % % il
et leledtelete e
N . . .06.0::,_0.Q,:.:.:3:\\. : BEARDSLEY | CANAL
N s
—— SCRHERRARRIRIIHIRIECARRSS
B2
3 i R ] = é- w o~
"; .
8
K
}
ICITRUS RD.
@
2 ] ~ n
COTTON LANE gt —} : + ‘ PO W S . SA.NTE. FE.R'.R' '
—’_f_f_f—i_l 13 X 1 T T L T T 13
\— ‘r G - ESTRELLA| FREEWAY -
SARIVAL RD,
- Em MARICOPA \JATER ﬁlSTRICi’ LANDS ‘l S . | MARICOPA WATER DISTRICT
! MARICOPA WATER DISTRICT LATERALS . NAME DATE  ]SCALE: ¥ma
: : DESIGN: oLy 6—4-9) - |PEICRIFTION.
l DRAWN. (17 I 6-8-91 » 'mrm »
CHECKED el BN




. FCD PROPERTY

L T2NRZW
i;a 1 ASS_BOOK 502

Bethany Home

SW Cor. Sec.




—
L 3
Yore ) WM ve.tr] ve.ns
Cro 1.te)
Sec.4-2n2W
COMYIY 453350
_3CALL 17n Veso
n(vnw]-&
PR ol
I
]
s_~ i
P
‘-- pra,
=
=

' Boox 50Z ||
'\ MAP 2z, PARCELS 5 A

ALY

— i 2E- BB o= <

'.‘.?*m

"
- QAV'.‘ Ll

ALY Jé‘

u_ °.

V37V i

EALTA S ]
e E

.l

A




e e o o o e e e el o b < e o o e 2 e e e e e e o b o i i v s e G s SR AT = r—— - ————— - o

_22—0“0”:”0062*20? }I?A ROH%SSF - - - * - - - 5 16.0Z

MCHMWCDI 4739- 093 - $196,035 SYATE 7900
70 870 95 00 $0.00 90
9 2N 2u ;g 2N 2W) SE4 EX W 7S* FOR CANAL & EX'N 200 OF S 233" OF W 200°* OF E 23
AC 2
-22-0048B “. PO BOX 730 PEORIA AI85345 T ik . .920 AC
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR '~ % 2t x' 30 16.0%
MARICOPA CO nu§£gfrER CON DIST NO 1 ® 9072- 253 11-1771 BT © 380 VCT LTD GR NO DEV PT 7900
4 ™ . 1y % i R 380 m 8 -
9 2N 2w "(9 2N 2W) u 200° OF S 233° OF W 200' 'OF E 233° OF SE& .92 AC
-22-005A * 3325 W DURANGO PHGENIX AZ85009 30 138.600 AC
.‘:2°‘£"‘" €0 £L00D €O ?"‘ita‘i's"%aié‘?" ] 0822- 9 09-10:7 . $175,830 s 14500
R COPA co L o CONTRO = -10- : E
o AT m v | ¥ $332,640.~ 95 0

ON N LN SD SEC TH W 24 31.56F T0 POB - %

7,
$2,317,.

$0

$0

3° OF SE4 154.

$2,079,000
$2,079,000
$0

3' $0.00 90 $0
w (9 2N 2W) BEG N COR SD SEC_TH S 3654 15F TH N 45D 45M E 34 12.88F TH N 1293.35F T0 PT

v Angat
¥_
J

COPYRIGHT TRAW mC

Y"ﬁr A R o 1991
PARCEL OWNER MAILING ADDRESS SALE PRICE / DATE T1 vC PCL SIZE TOTAL Fcv
PROPERTY ADDRESS PRIOR SALE / DATE TI VvC ASMTX LAND- FCV
TITLEHOLDER DKT-PG REC-DATE PRIM ASSESS LCIC DESCRIPTION TAX AREA IMPR- FCV
CONTRACT PURCHASER DKT-PG REC-DATE SEC ASSESS LC IC PROP TAX VYR TOTAL LIM

SEC TUN RNG GRID CENSUS ZONE LEGAL DESCRIPTION .
-ZZﬁﬁl&- Www PO 80X 730 PEORIA- A185345 R N . ' 181.400 AC $2,721,000
o PROPERTY: ADDRESS NOT AVAILABLE FROM ASSESSOR ¢ : 16.0% 32 721 000
4 mxcon‘co MUN WATER CON DIST NO 133 7gpexs” = ? By s230,1zo ’fﬁsmrs 7900 0
’. NS - ; $435,3 95 00 $0.00 90 0
2“ ; % (9 2N 2W) W2 SD SEC EX BEG Nd COR TH S 365&.15F TH N <SD 45 M E 3#12 88F TH N 1293.35F
_ i TO PT ONNLN SD SEC T H W 2431.56F TO POB -
-22-006 » 53335 W DURANGO PHOENIX -AZ85009 b . ~76.990 AC $1,154,850
ADDRESS. NOT AVAILABLE "'FKOM ASSESSOR 16.0X $1,154,850
v MARICOPA couva LOOD coumot. oxn”a?- 561 10-00— m:ws,uo % STATE 7900 30
m 95 00 $0.00 90 $0
' ! LR 4.*" (4 2N 2u) BEG S4& COR SEC & W 2090F N ?30 10M E 449.22F N 45D W 212.13F N 230F E 280F N
CRIE ; X00F E S80F N 21D 06M W 610F N ASOF E 919.65F N 3472.92F E 250F S S282F P08
-23-001 P8 111 W MONROE*PHOENIX A285003 m ’ 3 915,250 ~ 08-01-85 WD .000 AcC $50,000
"N PROPE ADDRESS: NOT AVAILABLE FROM ASSESSOR - !aoo ooo 03-05-81 WD 03 16.0% $50,000
FIRST AMERICAN JITLE INS CO.AZ TR 7221  85- 360530 08-01-85“ ., 36,190 pvncmr UNDETERMINED 7903 30
v J “r 38,000 " 00 04 $764.98 90 30
: (L 4900) ROMOLA OF ARIZ 46 LOT 4900°A B C D E '

111 W MONROE PHOENIX A285003 915,250 08-01-85 WD - .000 AC $50,000
PROPERTY ADDRESS NOY AVAILABLE FROM ASSESSOR ‘880 000 02-19-81 wo O3 16.0X% $50,000
FIRST AMERICAN TITLE INS CO AZ TP 7221 85-360530 08-01-85 36,190 VACANT, UNDETERMINED 7903 $0
: ¥ 8,000 00 04 $764.98 90 $0
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1 : AU VT ML LAY
; .b[\ fHN nivy LY ety ;. 1 3 L[( ES‘ -ION , - 4 ¥ ;
e e Mr . - -so - - M 0o A -”“F‘
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR 16.0X 1,600,
CATERPILLAR INC 13003~ 204 06-30-78 $169,600 " VACANT, UNDETERMINED 9000 $0
4 $256,000 00 04 $6,941.32 90 $0
3 2N 3W ‘ (3 2N 3W) SECS 3 10 11 12 13 AL & wis
S02-81-001 : 3335 W DURANGO PHOENIX AZ85009 . $0 164.310 AC $82,155
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR < - : $0 16.0X saz,1ss
- MARICOPA COUNTY FLOOD CONTROL DIST 7-026561 10-08-87 55 $13, 45 L STATE 9000 $0
FLOOD CONTROL DIST PATENT 57 7300 f" 313 145" 95 00 $0.00 90 $0
8 2N 2u (8 2N 2W) BEG NE COR SEC 8 S 3654.15F S 54D mn W 2767.85F W 1200F N SSD &41M E 1561.57
! F N 650F N S7D 31M E 651.92F N S9D 34M W 1461_.23F E 710F N 320F € 110F S 51D 28M E 690
— L29F N 61D 23M E 250.60F N 36D 25M % 1044.03F € 650F N 180F E 220F N 180F TH N 72D 43M

W 471.27F N 250F S 66D 15M E 437.01F N SS6F E 120F S 20D 414 E 481.04F N 38D 394 E 19
2. 09F E 230F N 400F E 160F N SBOF E 280F POB

S02- sz—omm . 3335 'WACURANGOFST PHOENIXAZ85009 m 129.270 Ac $64,635
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR (¥t 30‘ 16.0X $64,635

o P FLOOD ,CONTROL DIST OF MARICOPA COUNTY -..:;89-475019 10-13 -89 89,610 ¥ COUNTY 8900 $0
] y R i $10340 © 96 00 $0.00 90 50

’ 20 3N 2W L (20 3N 2W) PT SEC 20 KNOWN AS TR 2C l 2F PER MCR 63-31 DAF BEG NE COR SEC 20 S 674.41F

TO NLY COR TR 2F & TPOB S _4049.09F TO COR TR 2C TH S 49D 44M W 852 .94F TO S SEC LN TH
W 1917.36F N 320 29'1 633 76F TO N4 COR TR 2C N 290 E A648.43F TO TPOB

S02-99-001 2020 N CENTRAL AVE STE 170 PHOENTX AZ85004 $3,190,000 11-10- 88 sD 319.000 AC $15,950
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR $3,190,000 07-11-86 SD 16.0% $15,950
PIONEER TRUST CO TR 20797 89-320771  07-13-89 $2,550 VCT LTD OR NO DEV PT 9000 30
32,550 00 85 $92.72 90 30
35 2N 3w (35 2N 3W) /CLAIMS/ LUKE AUXILIARY 6 GROUP 2 CLAIMS EMBRACING SEC 35 2N 3W SE4 NEA SW4
T : - W2 NEA SW4 MJ4 SW& LOTS 1 & 2 & LUKE AUXILIARY 6 GROUP 7 CLAIMS EMBRACING SEC 34 2N 3
: W N2 SE4 LOTS 3 T 4 UNKNOWN DIST 319.00 AcC
S03-01-001E P 0 BOX 20790 WICKENBURG AI85358 30 46.440 AC $46,440
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR 30 16.0% 346,440
R & B ENTERPRISES LTD PRINRSP 87-030587 01-16-87 $7,430 T VACANT, UNDETERMINED 0950 30
$7,430 00 04 $690.10 90 30
7 N 4w (7 7N 4W) BEG SW COR SEA MM& SEC 7 TH N 890.66F TO TPOB TH CONT W &435F TO SW COR NE4 N

W4 SEC 7 N 1D 1326.40F TO N COR NEA NWA SEC 7 E 1317.24F TO NA COR SEC 7 S 1D W 1173.

12F W 76F S 56D 151.14F W_141F N S7 D W 130F N 82D W 34.15F S 61D 29.33F S 34D W 80F S

550 E 80F S 3D E 100F S 79D W 33F N 22D W B8OF S 67D W 100F S 22D E 78F S 67D W 95F N

22D W 30F N S3D W B1F N 16D W 115F N 50D W 64.54F W 72F S 52D W 73.03F S 190 W 90F S 2
E 93F S 370 E 191.10F TH ARD CUR 0 LT 132.65F S 22D 49M W 201.14F N 50D W TH ARD C

UR TO RT 40.11F N SOD 13M W 358.42F W 114.06 TO TPOB

s

50 3-01-001 F SMRS - B @385 gox 20790 ulcxemuns A2185358 4 Wik 0. 29.934 AC $29,934

» ;&PER;; EDDRESS I Rl koK ASSESstgRunsé 10—08%% $4, 738" VACANT UNDETERMINED 186% 329'933
ey A ORP»+ <4 -85

» * e » $4.790 ** 00 04 $444.90 90 $0

IN  4u (7 7N 4W) E2 NW4& EX BEG SW COR SD EZ N 498F woa N 125F E 34B.AF S 12S5F W 348.4F TPOB

¥ P £ EX DKTS 85-595733 & 87-030587 PAR A & EX PAR DAF COM NW COR NE4 SW4 SEC 7 TH S 240.4

¥ ““ & 3F TPOB N S&6D 254 W 96.08F N 39D &47M E 330.11F N 36D 194 E 213.71F S 14D S7M E 275 .35

F S 100.30F S 390 Sbﬂ U 278 21F N 560 ZSH W 182.03F TPOB
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