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WHITE TANKS 13 AND i4

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 i1 and 12 but
later designed and constructed by the Anny Corps of Engineers), was
constructed to collect runoff from the 223 sq. mi. Trilby Wash
Watershed. White Tanks 13 and t~ were built to collect the runoff
from 2~ sq. mi. and 10 sq. mi. watershed areas, respectively, of the
easterly portion of the watershed.

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 13 and h only.

White Tanks 13 and t~ were designed and constructed by the Soil
Conservation Service (SCS) in 195~. Their purpose was to protect
farmland and irrigation facilities which had sustained severe storm
damage. A detailed engineering report of the proposed projects dated
2/27/53, is in Appendix 1.

A. Sponsors

The sponsor for White Tanks 13 and i4r at the, time of planning and
installation was the Aqua Fria Soil Conservation District. The
seD participated in accordance with the work plan prepared by
SCS, dated April 195~ (see Appendix 2). Please note that the
work plan was prepared under authority of the Soil Conservation
Act of 1935 (Public Law No. ~6, 7~th Congress).

With the construction plans completed and landrights acquired,
the sponsors awaited an opportunity for funds to construct the
darns 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 195~

a contract for construction was awarded. The construction was
completed by July 195~. We understand this was the first Pilot
Project completed in the Nation.

-1-



B. Construction Cost

ORIGINAL DESIGN

1056
1053
1050

Dam 14

1216
1213
1210

Dam 13

Dam Crest Elevation
Max Water Surface Elevation
Spillway Elevation

The construction of structures 13 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.

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.

Annual operation and maintenance costs were paid by the Agua Fria
SCD. At the time of construction an agreement was formed between
Agua 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. )

The amortized life of the structure was 50 years. 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
elevation.

D. Project Life

C. OOOM Agreements

The planning and design of structures 13 and 14 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:

II.
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A. . 1983 Review of Structure 13 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 elevations
of the structure (see Appendix 5).

B. 1983 Hydrologi'c Study of Structure *4

The FCDMC prepared a preliminary study in 1983 which showed
Structure 14 would be overtopped by the PMF. It also showed that
a one-half PMF could overtop the dam by 0.3~ 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 questionable spillway
adequacy.

C. 1955 Photos

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

III. 1982 REPAIR PROJECT

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

__ that White Tanks 13 and i4 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 13 and .~. Both dams
were found to have severe and extensive cracking. Corrective measures
were proposed.

Corrective measures were designed that included excavating a
centerline trench and eradicating the larger cracks found. A contract
for the repairs to both 13 and *~ was completed in 1982, at a cost of
$709,066. White Tanks *3 repair included the breach of approximately
~oo feet of dam and replacement with new materials, including a
vertical filter.

-3-
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IV. CURRENT CONDITIONS

A. Area Subs idence

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 earth 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
reduced rate.

1. Effect on Structure 13

When Structure 13 was repaired in 1982 it was discovered
that the crest of the dam had declined in elevation .
Subsidence monuments were installed in 198~ 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 ~.~ feet since
195~. 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 feet 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 iii

Structure f~ 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 105~.791 feet. The average
crest elevation is about 0.6 feet below the design level.

B. Dam Breach Study

A "Dam Breach Studyll 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

. -'--



A. Structure 13

IMPROVEMENTS REQUIRED

2. Dam 14 Results

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

--

White Tanks
FRS No. ~

Small
High
1/2 PMF
22,820
10~a.5

White Tanks
FRS No.3

Medium
High
PMF
U,554
1209.0

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

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 .

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.

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 .

Description

PMF and one-half PMF for structure 13 and *~, respectively, as
directed by ADWR and FCDMC. The results are summarized below:

1. Dam 13 Results

Size Designation
Hazard Designation
Design Inflow Magnitude
Peak Design Inflow (CFS)
Spillway Crest Elevation

The condition of Structure 13, wherein the dam crest has subsided
as much as ~.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:
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B.

C.

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 elevation to accommodate
future subsidence.

~. 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 14

Structure 44 has been little affected by subsidence. However,
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 13 safe under a
full PMF design flow is much greater than that required to
upgrade Structure i4 to withstand a one-half PMF flow-. The costs
for Structure 13 include raising the dam crest, and constructing
a reinforced concrete spillway structure. The estimates are as
follows:

TA' TA' ...... - FA
Design Inspection

Structure f 3 $210,000 $300,000 $2,000,000
Structure 14 10.000 10.000 30.000

Totals '220,000 $310,000 $2,030,000
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WORK PIAN
WHITE TANK waTERSHED PROTECTION FROJECT

AGUA FRIA RIVm WATERSHED
MARICOPA COUNTY. ARIZONA.

INTRODUCTION

AU~hority - The Federal partioipation outlined in ~his work

plan is expeo~ed to be performed under the authority of the S011

Conservation Ao~ of 1936 (Publio Law No. 46 '14th Congress) and

o~her au~hori~ie. of the national programs of oonoerned agenoies.

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

to state speoifioaliy the praotioe. and measures required and

feasible and how they will .be oarried out to aohieve the me.:x;mum

praoticable reduotion of erosion, floodwa~er and sediment

damage.. Application of this DI.1tue.lly developed plan will pro-

vide protection and improvement of land and water resouroes whioh

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

faoilities of 1001.1 interests, State and Federal agenoies. Upon

oompletion and oon~1nued maintenanoe of the ~asures set forth in

this plan, agrioultural produotion will be sustained at a level

oorresponding to the oapability of the land, and the welfare of the

landowners and operators, the oommunity, and State and the Nation

will. be promoted thereb1. The area in the subwatershed is entirely

in Marioopa County and oontains 59,136 aores, or D2.4 square miles.
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SUMMaRY OF PlAN

This p~~~s'a oombina~ion of land treatment praotioes and
. ,":, :'''...

measures Used for the' conservation of water and watershed lands ~oh

oontribute direotly to flood preTention, and of measures prinarily

for flood prevention. The works of improvement as lis1;ed in oolDbined

Tables 1 and 2 are planned to be oompleted entirely during oalendar

year 1954, at an estimated total cost of '4l7.,'31S~. s~4 Dost to be

shared $218.287, by the non-Federal int8reats- and $199.088 by the

Federal GoYernment. Theae estimates inolude the current oosts of

looal interests and Federal agenoies under the going national pro-

speoifio responsibility tor oTerall periodio inspection of the

measures primarily for flood. prevention and for maintenanoe of the

floodwater retarding struotures and directly associated measures at

an estimated annual cost ot$3,750.

~mparison of Benefit and Cost • When the works of improvelDltnt

are applied and operating at full effectiven~ss, the ratio of the

estimated average annu,l benefit <$35,350) to the estimated average

annual value of the ooat $20,860 is 1.7 to 1 based on current price

levels for oosts and long ter& prices for benefits.
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DESCRIPT10N OF THE WATERSHED PROTECTION PROJ ECT AREA.

The White Tank MO~tains generally form the western edge of the

Agua Fria River Watershed near its oonfluenoe with the Gila River.

,Drainage from the eastern ~aoe of' the White ·Tank Mountains is divided

between Trilby Wash on ~he north, tributary to the Agua Fria River,

and an in'lfermit~nt stream looally known as Avondale Wash, tributary

to the Gila River on the south. It is this southern portion of the

White T8.I1k Mountain drainage area tha't oompr~se8 the Bubwatershed area. . . . .

~overed by this. plan. The watershed .~~ ~ gro8s area of 59,136 aores.

of whioh 25,024 ~ores are mountain and. t'oothi·ll slopes oomprising the

drainage .area and.t].ood souroe. The remaining 34,112 acres are

intensively irrigated l,and lying. on ~,.br9.ad. gen'tly sloping alluvial

fan and 'terraoe whioh have an average .8.10pe·,:t9 the 80u'theast of about. . .' .".

0.4 percent. Channels ~re very poorly.d~fined or even non-existent

through the oultivat~Q ~eas, making the oonstruotion of floodway8

through the farmland to. the Gi~a. River impraotioal.

Following the disast~ou~ floods of' 1951, ~he Agua Fria Soil Conser­

vation Distriot with the teohnioal.assistanoe of the Soil Conservation. _. ._. .... __. _. . ---

Service prepared plans designed :to, reduoe the damages oaused by flash

runoff's from the White Tank ~.Tr~lby.Was~ watersheds. Construotion

of e, ser1~s ,of.lour primary,detentiC?n stru~ures numbered (l) to (4)

r~8peotiv~lywe,re planned, near·:the mouths of Trilby and Avondale

Washest! ' Damage to military and national defense installations in the

area, however~ led to the initiation by .~he Corps of &gineers of plans

for ,the protection .of these installationfll.from water origina'ting in

the Trilby Wash d:a1nage~ These plansof'.. the Co:;:,ps of Engineers also

protect the irrigated lands,fromfloods.~rcmTrilby wash so no further
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consideration was given by the Soil Oonservation Servioe for struotures

(1) and (2) of their original plan.

The Avondale Wash watershed has no proteotion and therefore

aotive interest .in watershed proteotion has been maintained in this

area. The neoessity for struotures 3 ~d 4 remains. if ad8quatepro~

teotion to farm lands is to be obtained. Sinoe the numerioal designa­

tion has beoome reoognized through usage, .it-has been retained

throughout this report. Costs of original :.plamting on thes". four

struotures have been prorated an~ thpse. applying to·struotures 3 and 4

are oharged as a portion of the engineering 'Costs inoident to this plan.

The soils of the area oomprise reoent ~lluv1t:t.l soils along the

Gila River, ·the moderately developed fan ,soils .01' 'the intermediate

slopes and the shallow soil materials and rooks in. theWlrlte Tank

Mountains. The 80ils of the intermediate, dopes. inoludingthe bulk

of the oulti~ated lands. are mode~ately deep, doep or ve~ deep.

oaloareous, moderately developed £~ S9i13~ They are derived prinoipal­

ly from granites and sohists.

Soils derived from these parent materials·oompaotbadly as a rule

. and as a result ~ter penetrates 8.lowly and they are highly susoep'bible
. .

to erosion. Theorganio matter oontent is low but 'the general fertility

level is good with the possible ~xoeption of nitrogen.

The soils of the area have been. classified acoording to their

permane:lt limita~iona and hazards .. into .five oapa.bility classes. The

non-a~able lands fall into olasses VI. VII and VIII, whereas the

oultivated lands fall into 01ass8s ,I and,II. See°Map·2. Irrigation

is required for suooessful orop produo~i~~o Water for irri~ation i8

available and exoeptionally high, ~rop yields are obtained.



runoff.

I and II produot1vee

and under the oonservation farming being praotioed in this area safe

I .'~ "::. - --.-' • : ...\ : t.;.
,. ~. t. • •.6..... .
.". l'::': ;..... ". '. ;;;~ .

The pro'posed program will greatly'·overflow hazard at ~he present time.

managemen~, includi~g the use of fe~1lizers and c~op rotations to

..

~he uppor portion of the watersh~d 1£ ~apped as desert mountains

at a. minimum. Class II lands ar'e also subject to eo DlOderate overflow

,
Class VII lands oo!Wist of medium ~ex'tur-3d soils of varyi%:.g depth

is saoaton and big galleta. Clas8' 'VI lands have zwderate rates of

'.. \,...;

desert plain. The soils are medium· textured and subj eot to gullying

Claas VI lands oonsist of desert bottom intermingled with rolling

Class I lands are produotive farm lands with very ff1'l1 or no perma.:"

improve 80il structure. is ess~ntial to keep the soils of both olasses

lands in Class II is the greater slope whioh orea~s an erosion hazard~

and continuing produotion is assured. The limita~on whioh plaoes these

hazard whioh' will be greatly reduoed by this projeo:t works. GO.od land

nent hazards or li~itations•. These lands are subjeot to a moderate

reduoe this hazard. Class II lands have a few reoognized limitations

and incluc9s ,)apability classes VII nnd VIII. These lands oondst of

of desert shnibs suoh as enoelia, bur.sage,., oaotus oholla, lyoium,

bare rock: or rough, stony, mostly. shallow ::>oils. Vegetation oonsists

when the vegetative cover is depleted. The dominant olimazvegetation

with plane to slightly rolling topog:,9.p!'ly. The olimax veg6tation is

mixed desert; g!"e.ss and shrub. ·Class VII la=,.n~ have high rates of runoff

and black grama. Runoff rates are Vv'f'"J high. Infiltration rates for

.'
mariola and grasses suoh as bush muh:y, tobo3a, P~izona Cotton grass

·land leveling and adjustment of length of irriga.tion runs keep erosion
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olasses VI. VII and VIII vary from .10 inohes per hour on the less

permeable shallow s011s to .60 inohes per hour for the desert bottoms.

Sediment production rat~s are relatively l~ in ~h1s ar~~.

The elevation of the watershed varies from about 950 feet above

sea level at its oonfluenoe with the Gila River to, 3,500 feet at the

orest of the nhite TaDk Mountains. Yean temperatures range from 50

degrees Fahrenheit in winter to 91 degrees in summer, with recorded

extreme tempenturel ranging from a low of 11 degrees to a high of

111 degrees. The average date ot the last killing frost is Maroh 3

and that of the first killing frost is November 22, or a normal trost

free period of 264 days. The mean annual preoipitation 1s 8.04 inohes,

whioh generally oocurs in ~o well defined rainy seasons. Thewinter

rainy season usually extends through Deoember, January and February,

while the summer season inoludes July.and August and early September.

During the summsr flood season the da~ge potential is very high due

to the faot that orops. espeoially ootton whioh is the staple orop in

the area, are verysusoeptible to damage. In oontrast, during the

winter flood season the value of orops is much lower. Yost of the

ootton has been harvested at this time and the growing oro~s consist

of alfalfa, small grain and a small aoreage of winter vegetables. Off­

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

extent, is the higher damage that land sustains due to the faot that

it is not so well proteoted. Other direot flood damages are not usually

. affeoted by the season in whioh the flood oocurs.

The range land in the upper, mountainous part of this watershed

has sparse vegetation of the desert grassland type. Forage produotion

is low and generally grazing occurs· only. after periods of unusually

high precipitation. B&cause of ~he low preoipit~tion. diffioulty of
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aooe8S~ and soaroe watering fa~i;~tieSI grazing use has not signifioar

1y affeoted the vegetative oover in the upper portion of thi. water­

shed.

The oultivated land is highly produotive under irrigation and is

intensively farmed with cotton -being the prinoipa1 oash orop. Alfalfa

barley and various varieties of sorghums are the prinoipa1 feed orop8~

Some winter vegetables are grown on the less oalcareous soils. Double

oropping is praotioed to some extent. but not to the degree found in

the Salt River Valley to the east. Farm units-vary from small family·

size ~arma of forty to eighty aores to large oommeroial farms oovering

several thousand aores. The value of orop produotion in the watershe4
, .

is estimated at seven million dollars annually.

~he White Tank Watershed includes parts of three soil conservation

distriots, the AgUa Fria. Roosevelt and Buclceye. Beoause of the naturr

of the enabling legislation prior to an amendment adopted by thele~is.

lature in 1954 soil conservation distriots in Arizona are limited to

areas used primarily for orop produotion. The non-arable flood pro­

duoing portion of the ~tershed is, therefore. not included within

the boundaries of any distriot. _~he'Agua Fria Soil Conservation

distriot sponsored this projeot as major struotures and prinoipal

damage areas are in this distriot.

Approximately 53 percent of the land in the watershed is privately

owned. Ownership of the remainder is about equally divided between the

State of Arizona and the Federal Government. The Federal land is all

inoluded in Arizona GraZing Distriot Number 3 and is administered by

the Bureau of l.e.nd lIanag;';ent. ~st of the high runoff produoing

portion of the watershed i8 publioly owned, whereas the flood plain is

, - .



farm laterals servetiie £a..'"lI1 land in thewatershedo
.... , ..

, ." :.: .......
".:

...• :... ...

See map 3.

"

privately owned.

FLOOD. AND EROSION PROBLEM'S AND DAMAGES

Storm runoff from the White Tank Mount~in3 and in'terv,ening foothill

plaoe~ through~ut the tar~ng area. The Caterpillar Traotor Company has

poorly defined or non-existent in the flood plain, ao destruotion of'
~ : . .

9£ the flood plain for a distance of four miles. Drainage ways are
". . . ,

the flood plain. All are subjeot to damage by floods. ~ miles of

There are no incorpozoated towns within the watershed. Phoenix.'

The watershed is adequately served by a network of oounty roads ''(..:

aggr.egating 62 miles. U. S. Hi:gnway No. 80 oroases the lower portion

- 8 -

bridges. does not oonstitute an impoI"tant part of highway damage. 1'M

Southern Pacifio railroad orosses the lower portion of the flood plain;

are in the lower end of the watershed. Cotton gins are looated at various

a proving ground tor testing'various types ot earth moving equipment'

within 20 miles of the watershed, is the trade oenter for this part of

Arizona. The small uninoorporated villages of Liberty and Perryville

generally paralleling U. S. Highway No. 80. In add,i tion, the Sarita Fe

Railway has a branoh line from Ennis extending ~bout 2i 'miles' :into' the

flood plain trom the north. Portions of the supply canals of" the Baards­

ley, Roosevelt, Goodyear and Buokeye Irrigation Distriots lie ~:thin

has shown that these siphons are inadequate both as to capaoity or number

that flood~t~r may pass over without damage. How~ver, past experienoe

Siphons have. been installed along this oanal at ne.tural drainageways so

near the oentral part of the watershed.

areas'strike the Beardal~ Canal at the western edge of the flood plain.
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to handle anything but small flows. Oooasionally even small flows

damage the oanal beoause aggradation oauses shifts in the ohannels

above the oanal and floodwater may strike a seotion of the oanal

where there is no siphon. Arter the water passes over the Beardsley

Canal it tends to spread out beoause of the flat terrain and absenoe

of defined channels. This sheet flow 1s6 however~ modified by roads

and irrigation ditohes whioh tend to oonoentrate the water until
I ~ ,

suffioient volume is atta1n-ed:·to oause it to break over. into adjoining

fields. Improved·;·rcads have eroded in some oases to depths of 3 to

4 feet. Ponding usually ooours in the lower ends of flooded fields

until water over-tops and breaohes the irrigation lateral that has .

oaused the ponding. Other obstruotions suoh as railroad grades or

flood dikes may shift the area of overflow but seldom redu~e it.

Attempts to oontrol floodwater, onoe it has crossed the Bearclsley
,

Canal. have not been suocessful. Farm property in6urs the greatest

damage of any type of property within the floed plain. Crop yields

are reduoed by scouring of soil from the plant roots, ponding and

soalding due to high temperatures •. Irriga1iion furrows and fie,ld,

laterals may be so badly damaged late in the irrigation season that it

is not possible to make the final irrigation needed to develop a

profitable yield, In many oases where land damage is severe the land

oannot be oultivated until it has been releveled. Growing alfalfa

usually is not seriously damaged, but hay that has been out is a

complete loss. Land damage is greatest where water oonoentrates and

flows with considerable velocity as it does below breaks i~ irrigation

laterals, road fills, or other obstructions and where there is no

p~ot90tive cover from growing orops or crop stubble?
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Farm irrigation systems are damaged by even re1~tively small floods.
. . ~ .' .

Earthen ditohes generally require rebuilding aft~~ .~ flood~ and the oase

of ditches formed above the ground surfaoe consid~rable dirt has to be

hauled in to build a new ditch. Concrete lined aitohes generally

withstand small floods, but scouring of the soil away from the lining

causes structural failures that are expensive to repair. Oocasionally

pump ~0tors are fou2ed by sediment and have to be repaired before thay

can be used. In a few cases~irrigl'l.tion wells have caved in and ha\'"e

been abandoned. Farm improvements are frequently ~amaged, though not

seriously beoause water does not' attain great depths.~ Farm machinerJ

is damaged if the water re~ched suffioient depth to d~positmud on

moving parts. Stored crops and supplies sustain damages. The lower

tiers of stacked baled hay that are flooded usually rpt and this also

requires the r.ebuilding or thestacko

.Flood flows from the upper watershed fir3t stt"ike the Beardsle~;

Canal with suffi0ient foroe to breach it in many places. Larger flooas

also damage other oanals$ Siphons and unloaders to spill floodwater

that gets into canals have been installed, but tesse measures have been

of only minor. be~ef~t. The floods of 1951 breacr.sd canals in many places

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

and washed out training dikes. In some plaoes the oanal embankments

have been washed out so many times that it is becoming inoreasingly

difficult to secure earth within reasonable distanoes to patch them.

fhe Beardsley Distriot has been for oed to defer replaoing some canal

lining until the flood hazard is reduoed except where the c~nal gradien~

is so steep that lining is necessary to pr'event damaging erosioIl.o As

a result, water losses from see,age have in~reased. County ro~dB are

~ .

."

.. :.
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The true value of property subjeot to damage in the flood plain

serve as ohannelways, and seoond, the looation of irrigation laterals

$22,110,000.00
1,320,OQO.QO ..

_370,000000
100,000.00

..'. ;

Agrioultura1 •••••••••
Irrigation Works • • • • • • '.
Transportation Faoil1ti~s.•. ' .!'

Rural Non-Farm. • • • • ~ • • .' •

two reasons. first, road beds have eroded below ground level and now

is estimated at $23,900,000, distributed ~s follows (1951 prioes),
:.' .

most roads are sub-sundard and until suoh time astha flood hazard
• : • '0

very susoeptible to d8J:ll8.ge by floodwater. This is due primarily to

barrier to prevent. water from draining off the road. ~ a result,." ~ .. ' : . .; .

on the downstream side of east and .west.. roads provide a natural

The cost assooiated with this ~ype ~f ~amage in this area is compara­

tive1y small.

most susoeptible to damage. The most damaging reoent flood year was

." .' . ' .
onoe in two years on the average. Analysis of high intendty storms

and examination of past flood reoords show that fully 85 peroent of

the floods oan be expeoted during the summer mOnths when orops are

1951 when floods in January, July and two in Auguet ooourred. The

Flood reoords of the past 25 years indioate that damaging floods ooour

flood of August 28, 1951, oaused direot da~~;e of more than $200,000.

is reduoed,.p~~~en~ rc:>~~ improveme~ts arE? not praotioable.

Railroads.in t~e floo~ .pla~~~~perienoe some damage in eaoh flood •

The prinoi~~ da~ge ~s loss of ba~last where floodwaters over-top

the roadbed. Oo~~siona11y. the roadbed is ..shed out and requires

major repair ~rk before trains o~ ag~in mov,e over the line.

Damage ~.o power and telephone )~nes is ~.sually lim!ted' to under­

mining a tew poles, thereby neoes~itating res~ttingor straightening.
"
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The total primary direot floodwater damage is estimated to average
',"\

$28.220 annually, of whioh 47 peroent is or?p damage. About 23 peroent

is irrigation system damage inoluding ~arm laterals. 15 peroent is land

damage and the remainder consists of damage to transportation faoilities

and farm improvements. None of this floodwa.ter damage ooours in the

area whioh will be 'inundated by proposed detention struotures. These

figures ar~ based on all floods up to and inoluding those of lOO-year
; . .

frequenCy. In addition, there are, important indireot primary damages

suoh as the reduotion in orop yields arising from interruption of

irrigation sohedules. travel interruptions or detouring costs, losses

of inoome' to ootton gins and reduotion of ~ncome to ootton workers.

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

See Table 4.

Erosion Damage - Soil erosion, exolusive of flood plain soour, is

a faotor only on the upper desert:portion of the watershed. In this

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

the soil surfaoe oonsists prinoipally of desert pavement. Gully erosion

_,is_09nfined ohiefly to the rough moun~a~nous part o~ the watershed an~

the alluvial outwash at the base of't.he liIOuntains ... Beoause of watershed
. "

characteristios.it is not co~sidereQ feasible to apply a program

designed primarily to reduoe the present rate of erosion. 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 erosion has not '

seriously impaired the produotivity of these lands, and it is ~pparent

that a program whioh would significantly reduoe the rate of erosion

is not praotioal.

-.
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Ssdimentatio~.D~ma~ -pepe6ition of sediment has oaused oonsider-

able ohannel oha~ges above works that have been installed to proteot

irrigatio~ o~a+s. As a result; each F.uooessive flew may strike oana::'B
. .

or other property at unprotected plaoes. Sediment deposition on farm

land makes more fr~quent leveling neoessary to maintain the preoise

grade of irrigated land. Both of these types of sediment damage are

olosely assooiated with floodwater damage and have been evaluated as

floodwater damage. None of..thesediment from thia watershed readhes

irrigation reservoirs. "

.
EXISTING OR PROPOSED WATER MANAGEMENT PROJECTS:·· ~.

"'Effortsto oontrol high runoff in the White~ank-TrilbyWashwater-...... '.

sheds date baok at least to 1939. At that time efforts were made by

local interested groups to establish a soil erosion demonstration .:

projeot. :In 1945 ·the Agua Fria Soil Conservation Distriot was organized
. !. • ..

for the express purpose of unifying flood oontrol efforts. At various

times plans to alleviate the flood problem .have been prepared.• but

inability to finanoe delayed oonstructio~. For pra~tical purpaees

work being done by looal interests is continuoua. So~e struotures

have been'oompleted reoently and others are being built oonourrently

with work being done by the Federal Government (See oombined Table 1

and 2 attaohed).

Meas.urea Primarily for Flood Prevention - ~gineering and;hydrologio

studies show that' the "most effeotive method of oontrolling surfaoe .

runoff from' the watershed of Avondale Wash above the Beardsley Canal
,'".. t .'

is by the;oonstruc~ion of two retarding structures and 11 ~les of ... ,

.. ~.J' J- •• ~.

diversions •. The dJ.versions will divert runoff from small.subwateraheds '
~

into retarding struotures numbers 3 and 4, looated in the larger drain-

age ohannels. Eight small stabiliZing and sed~ment oontrol struotures
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the upper watershed will provide sedilllSnt storage and desilting basins

Thes8 measures are

and thereby leng~hen the.effeotive life of the retarding struotures. The

:-:;1 total oost of tnese mee.aures is shown in oombined Table 1 and 2 attaohed.. .

..:.'1 The looation of. these struotures 18 shown on map 2.

. looated on nonarable land.

I· .. , For deaign purposes, :the area-depth-duration relationship for storm

rainfall was developed from a number of high intensity storms whioh have

-:.Iooourred in oentral and southern Arizona. For reservoir design a. storm

IOf four-inoh oenter was used. This is eatimated to haTe a reourrenoe

--interval of more than 100 years. Retarding .strueture Number 3 will
r-··

!"'I disoharge into the Beardsley Canal, Retarding Struoture Number 4

,'''~' will disoharge into existil1g waterway. at a sa.fe ~ate. Maximum eT&OU­

.:·::~I &tion time for the detention reservoirs will not e~oe~d five days •

. ~:.'

':~.I The spillway design storm seleoted was one of six-inoh rainfall oenter.

i:: T.he frequency of suoh a storm is eatimted to lIubstan-tially exoeed the

\:~1'106-year expectancy. Reservoir a.nd sp1ll_y designs are based on the
\~-:: .'
(:"', ooourrenoe of design storms oentered over eaoh watershed so that the

:~I maximum runoff would oocur' at the struoture. Beoause' adequate deten..
i:-;i
:.....;:"1 t10n storage i~ developed at each at~uoture paved emerg~ncy spillways

., areunneoessary. Sediment oapaoity has been provided in the design of

:~I the retarding struoture~ for" 60 years of s~dimsntationwithout enoros.oh-
:: . .0.. ..' ....

~ msnt on the effeotive detention oapaoity.

~~.I Measures for Conservation ot Water and Wa.tershed LaMa Whioh Oon-

~I tribute Dire,otly ~o ~lOOd ~ev.ntion. - Sixty-four hundred aores of pri­

-". vate &nd state range land' are being retired permanently from grazing.

-'IThe lands retired from g~a.zin~inolude those areas immediately above
'i..;,
;-. the retarding struotures and any improT1tment in cover will reduoe

:,-"Ireaervoir aedimen:tation..
; .
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~sures for Evaluating the Effects of the Ptc~ - The hydr~logio.

eoonomio and other effeots. of this watershed p::'ogram will,.be measured in

the future. A plan for' the installations and prooeduresrequired to

evaluate these results is'now being developed in oooperation with other

interested faot-finding. agenoies. 'This plan will be distributed later

as a supplement· to this work plan,

Effect of These MBas~re~ on Dama~es and B9~gf1ts - The measures

desoribed above will prevent damage from all floods of the size used in

the damage evaluation series. Henoe. the floodwater damage reduotion

benefit is equal to the ave~age annual damage un~er present oonditions

or $35,220 in Table 4.

Approximately 79 peroent of the flood damage reduotion benefit is

oredited to the two retarding struotures and 18 percent is oredited to

the diversions. The remainder is oredited to the st~bilization sad sedi­

ment oontrol struotures and the range imprOVement program. ThefJ.ood

prevention benefit is distributed by measures in Ta.ble 5.

It is nat believed'that any significant land use changes will ooour

from the measures desoribed above. An examination of land use in the

flood plain indioates that the presenoe of a flood h~zard is not a pr$~

mary deter.m:i.!sal1t .01' land use. This oonolusion is ·oonfirm~d by 100a1

people~ Henoe. no land enhanoement benefit is expeoted to aoorue from

these measures.

Range forage produotion on the watershed is extremely limited.

Henoe. the oonservation benefit is insignifioant and only $130.00 per

year is oredited to range improvement in Table 5. As previously ma~­

tioned. about one-third of the total watershed above the s~ruotures has
..'.

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

rooky desert mountains is under.adoquate managoment by the Bureau' of Land



1. Aoquire all lands, easements and rights of way neaded for the

. Comparison of Costs and. Benefite-'The 'ratio of the average annual bene-

The sponsoring agency. the Agua Fria S011 Conse~tion Distriot, and the

Soil Conservation Servioe have mutually agreed to the sharing of oosts set

The pipe

This has been donee
'.

.. 16 ...

Speoifioally" the Soil Conservation Dis-

ACCOMPLISHING THE PLAN

This has been dODe.tur93~

and gates have been orderad.

tures together with gates and appurtenant works.

floodwater retarding struotures.

.
and se~IIt oontrol struotures and diversions by Decemh'9:'

Arrangements for aooomplishing this are now being negotiated.

'31, 1954.

Clear g strip and exoavate the sites for the rstarding struc-'

Purohaae and insta!l all outlet pipes in the retarding struo-

Exoavate 300 feet of the spillway on struo~ure Number 3 •

, .
Arrange to oomplete the installation of all stabilization5•

2"

age annual benefit ($250) from th6· !"ange improvement··mea~ur.e, to. the a.ver-

Management .. ' The progre:m is D£li? ...~~peote.d to improve ground or 13urf'ace water

1
;1
':'1 supply significantly s:nd nowa'to.r· conservation benefit is oredited toitil

:·1
,. fit from m.'3a.suresprimai"ily for. 'flood prevention {$35,lOO) to the a.verage

',1 annual cost of the measures ($20.'t30)· is 1.7. to 1., Th~ ,ratio of the aver-

'·1 age annual oost ($130). is abo1.t 1 0 9 to.1e The ratio oil tob.l average

:1 annual bentJfits ($35,350) to to'lial e,verag e ann'..lal· value of 'oests

.... ($20.. 860) is'1('7 to 1. See.To.b1e 5"1.

(I
,:.·~I
':i.;i
::."~.'

!s.il forth in oombined Table 1 and 2.
';:::~:

triot (or the Beardsley Irrigation Diatriot or others in bEihalf of the

1>-1 Agua Fria Soil Conservation DistriO't) wills

I'~I
,:.'.i.:'-:;

···~··.·I::f('

.~:

'1
"1
':;,1
.~,,;

":·1
. ;

'".1
,I
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6. Provide for periodic inspeotion of the measures to insure

that they are maintained in a satisfaotory manner.

7. Bring about the retirement from grazing use of 6,400 aores

(about one-third) of watershed ..bove the Struotures :5

..nd 4,

The ..bove items of 1001.1 oontribution are valued at $218,287.

The sponsoring agenoy has suffioient funds or oommitments to meet

its obligations within the speoified time.

The Soil Conservation Servioe will.

1. Contraot for the earth work for Struotures :5 and

4, except tor Item 4 above.

2. Design Struotures 3 am 4 with a ppurtenanoes and

will provide engineering supervision and inspeo­

tion during oonstruotion.

3. Transfer to the Agua Fria Distriot the sum ot

$14,000 to help detray oosts of the Distriots'

portion of the work.

The above items of Federal oontribution~ plus Program evaluation and

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

PROVISIONS FOR MAINTENANCE

Exeouted agreements provide for adequate future mintenanoe by assur­

ing that periodic inspeotions, ..t least azmually, will be made by a re­

sponsible 1001.1 agency with representatives of the Soil Conservation

Servioe, annual levies will be made for naintenanoe purposes and repairs

will be made promptly when needed.



I "_ I _i J.;;~ [':';" f'~:;i;;.-r:';.~ l:':'~ 1;,_ :;':"ii.-;,~:~~ .. _ ...'" :".

COMBINED TABLE 1 &: TABLE 2 *
ESTIMATED INSTALLATION COST ** - TOTAL NEEDED PROGRAM

t · : ESTIMAfEb' TOTAL cbSTS·MEAsuREs t UNIT :NO. TO BE APPLIED: · t·
J · t Federal : Pri vate *** t Total·
s : : · t·A-Measures Primarily for · : :·Flood Protectio n : · : : t·
t : : · :·

Floodwater Retarding Structures J No. · 2 : . 1.92,088 : 119,6£4 c 311,752·
J

Stabilization and SediDJ:lnt , : : · :· ..

Contro1 Measures ,, · · :· ·Diversion Dykes &: Ditches Mile : 11 · t 71,805 : 71,805·
Debri s '" Des11ti~ Basins No. s 8 · · 18,068 : 18,068· ·

t : t

SUB TOTAL J · : 192,088 : 215.537 · 407,625· ·:
B-Measures · : s : :·- .

s : : · :·Rang e Improvercent c Ao. · 6400 · : 2,150 : 2,150· ·: ··TOTAL A &: B MEASURES : · : i92,688 : ~18,~87 : 410,37,, ·
t : · :·Faoilitating Measures s : · · :· ·ses t : · · :· ·

Pro gram Evaluation : · : 2,000 : · 2,000· ·
Work Plan Devel opnent : : · 5,000 · t 5,000· ·

J

TOTAL SOIL CONSERVATION : : : 7,000: : -1~UOO

SERVICE : : :: :
GRAND tOrAL 199,088 2L 8 ..28,- 417;375

* For praotioal purposes, the work beIng dcne by looiif iii€Ell"ests is a oontinuw8 job, Some Hems have been oompletea
reoentlyand others are now being oonstrooted oonourrently with the work being done by tho Federal Government. For
cm venienoe, a 11 parts of the poC). gram a re shown in 00mine d Table 1 a oi 2.

** All items to be installed during oaJendar year 1954.
*** It is impraotioal to distinguish between oontributiom from Marioopa County am the Beardsley projeot, "Which are looal

units of government, ani from strictly private souroes. Henoe, no separate column has been shown for Non-Federal
Gov't costs and these items are included in Private oosts.

t.!
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TABLE 3

ANNUAL COSTS

- ,,'.' "',,:<1- - -- .) ~.' ,.."J- - ..
AMORTIZATION OF INSTALLATION COSTS OPERATION AND MAINTENANCE OTHER ECONOMIC GRAND TOTAL
FEDERAL PRIVATE TOTAL FEDERAL PRIVATE TOTAL COSTS
~========================:.:-=-===-==-=~.:.;;;;.:~~==::::::======~- -- .... , - .'

MEASURES

A MEASURES
(1)

Floodwater Retar dill!;
Struotures $6,950

(2)

$5~570 $12,520 $2,950 $2,950 $15,470

Stabilization and
Sediment Control
Measures

Debris &: Deailting
Basins

Diversion Dikes &:
Ditohe 8

840

3,620

84G

3,620

150

650

15£r

650

990

4,270

SUB TOTAL

B MEASURES

$6,950 $10,030 $16,980 $3~750 $3,750 $20,730

Range Improvement $ 130 $ 130 $ 130

TOTAL A &: B $6,950 $10,160 $17,110 $3,75C $3:#750 $20,860

(1) Amortization faotor .035258 (50 yrs. @~ interest).
(2) Amortization faotor .04655 (50 yrs o @ 4% interest).

,I
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_~.t~L~~

... , ..,,- ._ . ... ' .. ,'-:•.i.•.. ·... ..
SUMMARY OF AVERAGE AIDlUAL MONETARY FLOO::JWATER AND SEI'IMENl' l\\MAGE ANIJ!) FLOOD IREVENTION BENEFIT FROM TUE PLAN

( LONG 'fi:dft;i J'RfeES)

GES AVERAGE ANNUAL DAMA~ AVE:-;.\22 l.l'P-~UAL BENEFIT--_.
. PRESENl' B-MEASuRES .A B.nd B B-MEASURES· .Jl.~Hi:~A}n:mE~'l'OTAr; J:o~LOOU

CONDITION ONLY MEASURES ONLY ONLY BENEFIT FROM
A &: B MEASURES

DOlLARS DOLLAP.S DOLLARS DOI,IJIRS DOTJ l.ARS DOLI.ARS

<nI11TER &: 3E::J:-t]1'::l-;i' D,,\M.\OE
ROP $13,2.;)0 $1; ,140 0 $ 120 $1; ,1.40 $1;,260

ILAND 4,380 4,380 0 0 4,380 4,380

MPROVEMENTS 1,310 1,310 0 0 1,;10 1,310

RANSPORTATION FACILITIES 2,790 2,790 0 0 2,790 2,790

ITCH SYSTEMS 6,480 6,480 0 0 6,480 6.480

ND:i:IiF.CT DAMAGE 7,000 7,000 0 0 7,000 7,000

-
OTAL DAMAGE $35,220 I $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 XX1CXX XXXXX xxxxx 0 0 0

orAL FLOOD PREVENTION BENEFIT XX xxxxx xxxxx $ 120 $35,100 $35,220

t!
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TABLE 6

FLOOIPlATER RETARDING STROCTURE DATA

STORAGE C$lPACITY SURFACE AREA
FLOOD PLAIN AREA

INUNDATED

: AC.FT. AC.FT. AC.FT.: INCm;S OF RUNOFF :

SITEs DRAINAGF}s SEDI- DETEN- TOTAL: SED1- DETEN-
NO. : AREA : MENT TION : MENT 'lION

: SQ. MI. : POOL POOL : POOL POOL

:
2,655 : .14: 193 2,462

:
72 964 1,036 : .13

··
:
:

··

EST.
TOTAL
COST

DRAW1'YPE
IXNlN OF
RATE SPILL-

WAY

C.Y. CFS

VOL.
OF
FILL

··:315,000 315 Earth $229,500
t
:115,000 100 Earth $124,159

··

ACRES-
---

TOP MAXI-: UNDER UNDER TOTAL:
OF MtJI( t SED. DET •
DET. BT. OF: POOL POOL
POOL DAM :

ACRES FEET

14 221 20 :

..
t

TOTAL: TOP
: OF
: SED.
t POOL

2.06: 30 384 30

1.891.16

1.92

:

:

··:

:

:-:
s
:
:

3* : 24.1
:

4* : 10.3
s
:
:

Sediment Storage based on 50 Year estiJrated acoumulation (inol uding struomres on Drainage Area).

*Note disoussion of numerical'designations in narrative portion of report.

t.:
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TABLE 7

SUMMARY OF PROORAM DATA

:"', ;." ... I- -- - I-
.ITEM UNIT QUANTI'lY

YEARS TO COMPLETE PROGRAM Yf.\~ 1

TOTAL INSTALLATION COST
FEDERAL DOILARS 199,088NON-FEDERAL DOLLARS 218,287

ANNUAL 0 &: M crn T
FEDERAL DOLLARS
NON-FEDERAL DOLLARS 3,750

ANNUAL BENEFITS DOLLARS 35,350

FLOOIiNATER RETARDING Sf mCTURES EACH 2

AREA INUNDATED BY STRUCTURES
FLOODPLAIN ACRES 0UPLAND ACRES 605

WATERSHED AREA J.BOVE STRUCTURES ACRES 22,000

. REDUCTION IN FLOODWATER AND SEDlMENl' DAMAGE
A MEASURES PERCENT 99.7B MEASURES PERCENT 0.3

REDUCTION OF EROSION DAMAGE
A MEASURES PERCENT
B MEASURES PERCENr

OTHER BENEFITS
A MEASURES DOLLARS
B MEASURES DOLLARS 130

.!
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TABLE 8

SUMMARY OF PHYSICAL DATA

ITEM

l~lATERSHED AREA

WATERSHED AREA

AREA OF CROPLAID

AREA OF GRASSLAND

AREA OF WOODLAND

UNIT

SQ. MI.

ACRES

ACRES

ACRES

ACRES

QUANTITY QUANTITY
WITHOUT PROGRAM WITH PROGRAM

92.4 92.4

59,136 59,136

34,112 34,112

25,ce4 25,024

FLOODPLAIN SUBJECT TO DAMAGE BY DESIGNATED STORM

ANNUAL RATE OF EROSION (FLOOD PRODUCING PORTION)
SHEET
GUlLY
STREAMBANK
SCOUR

AREA DAMAGED ANNUALLY BY:
SEDImNT
FLeD DPLAIN SCOUR
SWAllPING
STREAMBANK EROSION
SHEET EROSION

SEDlurnT PIDDUCTION (FLOOD PRODUCING PORTION)

SEDIMENT ACCUMULATION IN RESERVOIRS I

FREQUENCY OF FLOODING

AVERAGE ANNUAL RAINFALL

AVERAGE ANNUAL RUNOFF

ACRES

TONS,/'lR)
TONS/yR)

. TONS/iR)
TONS/yR)

ACRES)
ACRES)
ACRES
ACRES
ACRES

TONS/AC,/YR

ACfrr/YR
EVENTS/fR

INCHES

INCHES

4,800

33,900

660

---
Not determined

.77

.s
8

.3

o

31,900

o

y

o
8

.3

1./ Amount depends on trap effioieno~, {If !":li;!U"ding struotures. No basis for aoourate estimate at this time.

"
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We whole hearted1y subscribe to the plan and will
do our part in effecting its completion and sucoessful
opera.tion.

'-

Dear Mr. Hill;

.- -=-:;..:....:;..c::..:-.=--=.=--==-_.~..=-='"-=-';'::";-',=_. ' '_'M _._. •••~.. ==-._-

June 3, 195.

Very truly yo~~
;. / ,.\

h~J0~~'~~)H. S. Raymond Secreta.ry

AGUA FBIA SOIL CONSERVATION DISTRICT
P. O. BOX 578. WE 5.9251
PEORIA • ARIZONA

Mr. Lucien Hill,
Area. Soil Consenationbt,
SOil ConserYation SerTice,
United states Department of Agriculture,
39 N. 6th ATe.
Phoenix, Arizona.

The Supervisors of the Aqua Fria Soil ConserTation
District MTe reTiewed the Work Plan for the White Tanks
Watershed as prepared by the Soil ConserT&tion BerTice.
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MARICOPA COUNTY MUNICIPAL WATER CONSERVATION

DISTRICT NUMBER ONE

P. O. BOX 807

PEORIA, ARIZONA

Juno 3, 1954

Mr. Lucien Hill,
Area Soil ConsorTationi.t,
Soil Con.erTation SerTice,
United state. Department of Aqriculture,
39 H. 6th ATe.
Phoenix, Arizona.

Dear Mr. Hill;

We ha,.. reTiewed the Work Plan for tho White Tanks Water­
shed &s prepared and presented by the Soil Con.erTation Saniee.
We are in agreement with the plan aM pledqe our oontinued
participation in the construation, mai.nton&nce, and operation
of the project.
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CONDENSED COST SUMMARY

APPENDIX 3



Structure $tructure
No.3 No.4

Cooperating Feceral Lgency - -: 1954, SCS 1954, SCS
Length - - - - - - - - - - - -' 1.5 Mi. 1.3 Hi.
Drainage Area - - - - -- - - . 24 sq. mi. 10 sq. oi. :

Hax. Fill height - - - - - - -' 30 ft. 20 ft.
SfiEway Size - - - - - - - - 800 ft. 2 @165 ft.
Spillway Capacity - - - - - - 11,750 cfs. 4400 cfs.
Reservoir Capacity in A.F.- 2655 AF 1036 1~

:

Reservoir Capacity in inches
of nmoff - - - 2.1 : 1.9

TABLE 1

Co~de~sec Summary

\~ITE TANK AND TRIL3Y WASH PROJECTS
!.R.IZO~:,

McMicken
Dam

1.6

12'
2~:1 & 2:1
1 box
III X 20'
4400 cfs.

1956, C of E
9.3 Mi.'
223 sq. rd.
38 ft.
2,000 ft.
60,000 cfs.
19,000 Ai'

.25

:
$2,180,000.00

180,000.00
2,000,000.00 ...

17,000.00

: 115,000.00

:
200,000.00

118 hrs.

: .3

35,220.00

20,860.00

$395,145.00
19E,057.00
199,088.00

3,750.00

Estimated annual benefits
(50 yr. amortization) - - -

Total cost- .of Project ­
Private Contributions
Public Contri~tltions

~nnual 0 & M coet(~on-Fcdcral):

Estimated annual cost of :
project .'
(50 yr. amortization) -

Benefit - cost ratio l.7 to 1

Crest Width _ _ 10' 10 I

Side slope - - - - - - - - - 2~:1 & 2:1 2:1 & 2:1
No. of outlets - - - - - - - 3 pipes : 2 pipes
Size of outlets - _ - - - - :48",48" & 24": 30" & 36"
Max. Discharge through outlets: ­
Evacuation time - - - - - - - :80 hrs.
Sediment Production:

Ac.Ft.Per sq.mi.per yr.est.: .3

1
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Mr. Terence E. Taylor

flOOD, CONTROL DISTRICT of Maricopa County

ATTENTION:

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 fonnal Operations and Maintenance agreement or
official legal transf~r of r~ponsibi1itj of these st~~c:ures from the Soil Conservatio:
Service to the Flood Control District.

We acknowledge receipt of your letter dated September 30. 1975. regarding Operat1ons
and Maintenance agreements between Soil Conservation Service and the Flood Control
District of Maricopa County .

Dear Mr. Taylor:

PD/WAA/ly

United States Department of Agriculture
Soil Conservation Service '
3556 West Buckeye Road
Phoenix, Arizona 85009

In view of the fact that District and Soil Conservation Service personnel are meeting
this week to discuss Operatioffiand Maintenance procedures, any further discussion of
this matter could be continued at this time.

J
I

Sincere~I.frtlt ,/5)
~~ il/1v/!:/

Chief Engineer and General Manager

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

C
' ~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
dnd 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 Distrfct
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.

I~
,

':1: .f::':",
• J ' ... ,
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November 4, 1975
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6029 Federal Building, Phoen~x, Arizona 85025

Jan. 4, 1972

Colonel John C. Lowry
Chief Engineer and General Manager
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
agreemen~s 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
o 6< M).

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

3. Letter - from Robert V. Boyle to K. B. McMicken dated January
28, 1~55 advising Service acceptance and outlining 0 6< M
responsibilities.

4. Letter - H. S. Raymond to Robert Boyle dated August 31, 1959
confirming 0 & M responsibilities of Agua Fria SCD.

5. Cooperative agreement - Agua Fria SCD and Maricopa County Water
Conservation Diet. No. 1 (Beardsly Project) dated December 3,
1953 giving 0 & M responsibilities to Beardsly Project.

._ .. 6. Agreement - Flood Control District of Maricopa County and
Maricopa County ~funicipal Water District No. 1 dated Nov. 28,
1966. Outlines 0 & M responsibilities of FCD~~ for White
Tanks structures and provides for the irrigation district to
perform this work for a certain fee (See Item 2, page 2).

Sincerely,

c:JjJ4'1
Cliffton A. Maguire
ABst. State Conservationist (Acting)

Attnchments/6
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2. Agreement - AJaenchaent No.2 dated October 15, 1957 ... change
in. spillway design and costs.

Attached for your use and file are the following operation and
JlAutenance agreeJaellts for the White Tanks Pilot Watershed Project:

4. Letter ... H. S. Raymond to Robert Boyle dated August 31, 1959
confirwdng 0 " M respoosibUities of Agua Prl.a SCB.

UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE Roo. 6029 Federal Bldg., Phoenix, AZ 8S02S

DATE: December 16,
1971

3. Letter ... from Robert V. Boyle 'to K. B. UcMicken dated J'anusry
28, 1955 adviai.ng Service acceptance and outlining 0 & M
responsibilities.

1. Agreement - Between Agua Pria Soil Conservation District
and the Soil Corutervation Service ... dated November 30, 1953.
(See Item 2, page 1 and the firat paragraph of page 3 covering
o & Ii).

Y3T - Prograa Inspection
October 4-7 f 1971

Chris Williams, r:c
scs, Phoenix
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Gerry - We are attaching a copy for your transmittal to the
FCDMC to assure they have these documents in their office.

itea 18 of the prograa inspection

vlo ettechllleDt
vI a1:taclment

5. Cooperative agreesaent - Ague Fda SCD end Maricopa County Water
Conservation Dis't. No. 1 (Beardsly Project) dated December 3,
1953 giving 0 & U responsibilities to Beardsly Project.

6. Agreeaent... Plood Control District of Maricopa County and
Msricopa County J6micipal Water District No. 1 dated November 28,
1966. OutliDee 0 &, II ~ponaibilities of PCtU: for Vbite
Tanks structure. and provides for 'the irrigation district to
perform 'this work for a cerudn fee (See Item 2, page 2).

ec: D. Svenson
G. Welsh

....~iM • Zi..

~
- ~~r~~nsmitta~ COB'PILetes agreed-to

./.1. ..! /:.-~.-t.l .:. ..,. ." 4, A A(i"t.i~/I / -.. , ... ·.. ·:.-"1 ~(.1~ng
f: J. Turner - /
State Conservatioa Engineer
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HSR/po

"- - . £",-Z6·L'- -
H•.6. Raymond, Secretary
AGUA FRIA SOIL COHSERVATIOU DISTRICT

I .-----
:.J

AGUA-'FRIA SOIL CONSERVATION DISTRICT

August 31, 1959

P. 0" BOX 578 •. WE 5·9251
PEORIA • ARIZONA

By action taken by the Board of Supervisors on August 2-4, 1959,
the Aqua Fria Soil Conservation District assumed, as a matter of
record, full responsibility for the operation and maintenance of
the Wl:lite Tanke ProJec1;.. The District has, however, actually
operated an,Cmalntained the project since its canpletion in 1954•

/
Sincerely yours,

Dear Bob,

Mr. Robert V. Boyle, State Conservationist
Soil Conservation Service
106 East Roosevelt
Phoenix, Arizona

" :
./

-~~
;"'S '.

1
,J.'1 . ., .

·~:t(

::::,1

-I
:·1
"1
·:-1
.1
~~I
~ (
:;.,1 '.
.~~~ .;

1ll::.; . .

···:1·.;' ..,
;;1,:

(I '
·:;1
:1
.1 ,;~
I ,~

..
. A I;

? "'1 ~.



.' ~.. . .;;.

1QII:I"II'---------

.... : -!':

WI,,,rSSlfB----_ ... --,..,,..-
J... !he D1strict, ter and 1n cona14erat1cn or the beDlfita to •

derind in the ca1T1il"'.g out ot th1••~_nt and to .cc~li.h ta ..
j.ct hp.re1n Sf"t forth, d~~ hereby rep1"eNnt, r-rc::.ise and 81"_ AI tol­
low.'

(1) The Dietrict reI:reeents that r. at non-federal cont.r1bu­
tions, incl~d1nf ene1neerinc, securing rights-ot-way 504
e~....nt., end other costs DS5ccicted with retard1~

.tructures No. :3 and No.4, haTe a val,,". ot $145,0h6.00
(See attached itemization at extenditure.).

(2) '1'0 arl"aQ8e tor such easereentt!l tor r1rhtl-Jf-wq. 815 ~1
be required by the ~.rt1ee to racilltate,perlora and

...J!!!1nt8iu. the watershed protection :J'lf.'.aur.s eet forth -­
iiirein, record in the county w~n the land is 8ituated.
and turnish eTidence to the Servi.ce that the fore«o1nc
has been aecomr1ished.

(3) '1'0 contribute t"uture Jn8llsurer. ~s liJu-d belovi

(a) Arp-oximately 5~ ot required en«ineerinc ..rYices.

(b) Necessary Iaben- and equipment tor clearing and
strirling site tor atructure No.4

THIS AQ~, JUde anc!. entered into this 30tJl dar of
Jio1'elllber, 19,22, ~,.. and bet.en A.gua Fria Soil CooMrvat101l
m:strict, SUte or Arizona, hereinafter e.lled the DiSTRICT ADd
the S011 Con"rYat1on 5eM1.c., legion 6, or the DefartNnt. ot
Alrlcu1ture, hereinafter oalled the SERVIC!.

OBJECT .. The object ot tlll a!'"'_nt 18 to coordinate the acti­
n tie e and • fncient use ot the reeourc. s or the two parti.e in c&.rrJ­
in« out and uintaining watershed p:ootection needec1 "n watershed land.,
and the installatien ot such measures in the Di.trict&S are needed aD4
practicsble for the reduction of flood ~ater 5nd sediment damages, such
liS wa~rrlow-ret~rdingd.~s, channel ar ro.,..nts. streambank stabili­
Iition, major «u11,. control, and related. ••sures.

Specifically this a~...nt coyer. the conetruction ot White Tanke
Project r~tllrding structure! 10. 3 and WI,. 1& IS rlan:~d by the Soil Cee­
..rvation BerTice, alone with any .~~urt.nanc.8 that mar be reGu1~.
All loc8~d :,bout eMil•• "'....st ot Qood.~~r, I-rile-na, isaed1etely aboft
the main cantil of' the M.(;rieop. M~niciJ'al ~-.ter Con~erTl\tion D1strin
Jo. 1 (E~Brdsley).

HTP.CRI1"T - Public 1Jl" 156, 83rd. Congress, l~t. Se.aion, .f'~rCYed
July 2f) 1953.
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-I
'1 (2) j

I (e) lIater ..quira4 tor rert.........,. fit the vork. i
(d) Iece!'ls8.17 labor,' ..terids and equipnent tor I'.'1 constructina t"o-di...re1on d,-kelS. j

(.) leceseary labor, aateriall and eQ\JlfMnt tor j
excavating ,and seallng a channel.

1 (t) Furnish and install 21 Unltar teet. j
ot COJ"1"UCated _tal ripe and flltes for I5truC- jI t\ll"eS No. :3 & 4 t.opther with aprurunance.e.

(g) Jfece.~ar:r labor and equlJ::ltl8nt ter c~J.let1"n c.f II-lll- j

I
w,. axonatieD. Struotlll'e I). II

(h) C~letion UJd/or aodiflcd.ion ot exiatiCl d1kes <a I
catel"J:111~r f.rortnc ground to insure their tunction1n&1 Ill!! t- 1&1'med with relation to cocn}leted J.ro"eet.. j

It ia estimated that cost ot the above contrlbut10n8 11111 pOUJll. j
to teo,412.00 (See attached ltea1zation ot estwted co~t8).

.: 1 (4) Tne contr1butio:11 liated UDder :3 above ..hall be timed aDd j
perfermed eo as to coordin.te vi th the conatruction fro- j..'.,1 crtull ot the SerYice' I ccntribution, in order that a mini- I
mUll ot friction and delq will be caused. I

I B. !he serrtce, in cons1derat10not the reFreHntat1on., rroa1a••, j
. and atrre~nt. mad. on the part ot tbe District herein set torth, agree. I

A' tollowsl I

'~ I (1) To furnish an roximatel,. 50~ ot l"eq\.!ired engineerln« eal"Y1ce. jj
tar surveye, designs and 8Jf!citicht10na for the construction of
tvo earth t11!~d daMS. Str~ctur~s Ie. 3 and ~c. 4.

I (2) To circulate inv1tetions for bids &00 sward 8 contra,;:t to the j
lowf>et ·1.aU!led bidder tor furnishing neces8ary m~lterials, equip- I

1
ment and labor, and perforllling the tr0I:0eed construction work, ex- i
cept as otherwise prO'f'1ded herein. I

I -0) :n",:~!'Vi.e,_in.~eetand "",Iat final acoertaDca et the coar:latd . I

It 1s e~timated that the contrfbutien to be lII8de on the t:art ot tbe- . j'1 Service a. described above vill Gountto al I rc,xiutel1' 1219,074.00. j

IT IS FURTHER lJMLlta5rOOL MIL !.GRF:~D j

,1 'nult contribution. ot the District toward COll'lJ letlcn of the w~ter8bed pro- I
Uoctic'n J:'reject, both fast and tuture shall eGu.al. (r exceed Fec.iera.l iiater- I
shed fl"otect.ion funue expended on the rroject. On the basis of the eet!- I

1 MPte.,1ncluded ~n this 8£re...nt, the valloW ot the IJ1.strict'c cpntribu- jl
tiona, last and fut\lre, amount. to .225,458.00. 'nle est11D.2ted con ot
~oject 'Work to be financed v1th Federal wliterrhed ~'rotect1on funos 1.

:JI 19,074.00. j

_ r, j

_·..._"*_·,~_t'jc_?·_r'_::,_:·_·K_'_U_.._'*_&_i"" . _...._... -...-_.• _.j;_~_i"'_._.J_.:.:._;:._,...._;i_..J_...._;:_.:;_;,,;,_._.;_·,*_.•:~::,.:r.~it:._.. ~,~~~,~~...~~~.~_:._.. c_.,~>._;,~r:;._.:~,~:::._. _·..._.'>~.::t~:;~~;'_:, .•:.•.:•..'~,... :~.;:~~:.:;_~:.~.:~}:~.<~,:::•.,~".:;~_.Ji



·'1
,I () I

.';~...·.'I \that the Di.!Strict w1ll asaUM. reitofillbiUt1 tor operation ancl Froper \ \L- I
j

N.~ntenance of the cCXftJ-leted work. /\ I

..'.-:.'1 !hQtthe resJ'0naibil1t1 of the Service under this afrHMnt "hall WI'- j
IIl1nate u}:on ccmrlet10n and acceJ;taDce ot the work II ~rO'Y1d.E'd under
Par.grarh B(1)(2)()J, and all int8relt. in owner.hiI and ~rat1on .hall jpI .t that ts. be reUJ1Gui.hed. i
That the Semce will, upon reQu.lt trca the District, furnish techDical I
aa81atance to the extent aYai1able to .id in inspection and to adTi.. loea1"1 1nteJ:"e19t$ with rE'~rect tc m81ntenaDCe Deeded. j

that the District vill hold and ''in the United Stllte. Goftrnzaent tl'M h"ca j'1 all cleill. for damages that ;riay ariee frollS construction or opl!t:oatlon ot the I
work j nsulled under this aere_nt. I

.:-:-.1 That detel'Jdnationa W111 ~ lUde .101n\17 b7 toM District and the Same. I
j

.' that ~:oorosed structures are in conformity V1t.h StAte l~V.t betore COft- I
'., struction is started.

'1 No Me.ber ef or Delt-e1te to CoQCreu or Resident Cc:-."'l1ss1oner ebaU j
.'..: be ada1tted to an,. share or .art ot thil apoee.nt or to a:v benetl' ~, j

may arise thltre!rvm unless it, be tUde 'dth I corTorationfc,r its pDlral j:_1 benefit. I

IN \till~l:~S ·..,m:R.EOf, ·the I-art.iee hereto n..ye hereunder subscribed tbe1J' I

,.:,;·1 nu"ss 1Ji.E·po::~~a:.te, Or1UircstL:~ ll'ritten. ~T It 't" V 11 u,~ T C. i
•• ~.n"n~,. (;:. :.4U~ ;.GiJA uu.A sCr CCN[:.P. J~ (jill uIS iI " I

8011 ConMrv"ticn Servic. .

~'f j
j~ !3l C1r11 Luker !r ,1/ I. B. Mc."fickea j

,,::1 T1tle'--o9ip;la"~-~-';=11z'"lf'1r-,~;:-;~i?l----- Title Cha1........ All!" JI'r1a safit;a:r-1 i

:;:1 The signing of this a£~...nt on behalf of the Ague l"riaSo11 Conser- j
'Yation District Gov- rnin« B0d7 adopted At a meeting held on 30th dal 01 - j

<:-:1 lO'feliber', 19,3. j

j

/1 1./ H. 5. R!I!ond j
". ~ccreta.rr, DiStrict Govermna BNrc1 j

~'I j
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TO: M. E. Strong, State Conservationist
SCS, Phoenix, Arizona

-I
1

'-1

L

-.

DATE:Xovember 12, 1970

--~--

~~;h~;;;'~.~;~~258 Arizona State Office, Phoenix, Arizona

UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

i~ATERSHEDS - io/hite Tanks Project -
Report on Flood of September 5, 1970

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
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.

1. In the summer of 1954 two flood control structures, identified as
lo/hite Tanks No. 3 and No.4, were built by the Soil Conservation Service
in cooperation with the County of Maricopa, the Municipal ~ater Conserva­
tion District No.1, and the Agua Fda-New River Soil Conservation District.

2. The project was known as the lfuite Tanks Erosion Control Project and
SCS participation was under the Pilot Watershed Program.

5. The elevation of the high point of the watershed is 3671'. The
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' •

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.

6. Structure No. 4 was designed to impound 1036 acre-feet from a drainage
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.
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8. Thus at the time of the storm there was a total of 18.8 square miles
of watershed contributing to Structure Ko. 4. This is 8.5 square miles
more than the 10.3 square miles for which the structure was designed •

12. The two principal spillways equippe_d with gates rematn~d close~ during
the storm. Had they been open they would have had little effect upon the
reservoir 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.

- 2 -M. E. Strong .

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 I' 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~ile 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-mingling with larger onslaughts
of water flowing from the north and west.

13. Structure No. 3 with a capacfty 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.
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Attachment

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

C. Enlarge Structure No. 4 to enable it to safely accommodate runoff from
Section 29 and that part of Section 32 that was not originally designed to
contribute to Structure No.4.

cc to:
E. J. Core, Head, E&WP Unit, SCS, Portland, Oregon
Kenneth E. Grant, Administrator, SCS, Washington, D. C.

···'.•·.Rq,lilH

- 3 -H. E. Strong

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 ~as not designed to receive runoff from
this area but since 1954 the runoff has been directed into Structure No.4.)

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.)

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

cr: .
.'~.'l~-ttVJ. J., ~.?'

I' ta Conservation Engineer
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T-2.-N
REPORT OF FLOOD T- I - N

9-5-70
WHITE TANKS

EROSION CONTROL PROJECT
U.S.DEPARTMENT OF AGRICULTURE
. SOiL CONSERVATION SERVICE

PHOENIX. ARIZONA'
...
i

Structure
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ARISOKA, a rloo6 Contxol Pi.tri~~ ort~ni~.d under a~ pQz.v~at

~o the law. of th~ State ot Arll.OAa. h.r~1~t~.~ dea19Dated

"Flood Cont~ol Di~trict·. AoO ~b. KAR1COPA COU~~ ~CZlAL

WADlt C:OllfuaVA'l"lOJlt tilA;'J1UC-r .0. j, 4:1 Xz::1gaUOA DlaU.ic~

~.!1~!§.!!1~~

'l'BA'l'. Wl:E.IlE.I\~. l'.l.ood Centrol Diat.l'ict b~ .. tMr. .u.~OQd-

}:1li.~y Gt O~P}tiD<; "nd 1II;1'1t\ta1Ai~ c:eruln flooe cOGtrol

WO£~., con.1s~in~ in the ~in o~ McMick.n D~. aDd outl.t

ebaAJlel. S.C.S. D,lIU lIo~ :3 .:lIne Bo. 4, .:,nO 1nterc0ftQ4ctiQ1l

~i.kt'. and charmed.• 3M! telatee and adjoJ.niA9 Cl.e4 cOQuol

"works. alll¢cateo wlthi~' the' County 01 Ka%icop_. &tate ot

A.rJ.zGGa,· l!n4d.ain:~ t.hat4!li.f3 f..LooQ contzol werle. b. 1M!a­

t1'\J.M4 1D l?r~pe% ..oX'k.in~ conoi.t1OG. nnd optlJ."!)U6 in a ;ood

aDd wO~~Qllk ••ann.r, anG

WHaRlAS, Irrl~~~~oD District bAa ~v~11abla ~ad i. a»l.

foctbtith to ..ocun: tt,e necli••ilry lahor, lQter1al., oquJ.l**ll~

,,,ad MUP4-rv1aoxl' v-r3onnel n.ce.sary end requ~.~ for' the

)Ixop41x' aa.1l1tenaacc .~~·~peraUOQ ot liaJ.d flood C::OQ~rol ,,0%'£& •.
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JIaf, ttiE1l!PORf., tor 3nd in cooa1.oent1oa of tM m\lt."l
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rece1ve<l };i' the 1%'1: ig IJt.i on Dilltriet ",1 tJ'I1n Hltet:A (l~) tis:,...

trClll lane! d~.t· th. 91'11:19 of ..a.ld notice 1:.y tb. lrr19atioa
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Telephone ,()().! 262- JS() I

13 ''\N 198~

FLOOD CONTROL D/~, RICT
01

Mafit6pa CoUnty

JAN 12 1984

Dear Mr. Lawrence:

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

D. E. Sagramoso~ P. E.

1) The structure would be overtopped 1.12 feet during a Probable
Maximum Flood if~the structure were initially full.

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 you-have any questions regarding the
hydrology study~ please contact Tom LaMarche of my staff .

Sincerely,

.:.::d - C':;;l S2giJiliOSO

The Flood Control District recently completed a review of the hy.drology _
study conducted by Ertec West.e.rn~ Inc. in August 1981 as part·of'the
Phase I Inspection Report fo~ White Tanks Retarding Dam No .. ~. We
investigated the hydrologic·au..d_h'y~raulic assumptions us'ed by Ertec Western
and restructured the input data used in the HEC - 1 model developed .
by them so that the model would run on the most recent version of HEC -l.
A copy of the output listing is attached. In general~ our study agrees
with the Ertec Western study. The important results are summarized
as f011 ows : . .

Enel os ures

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

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.

Mr. Verne M. Bathurst, State
Soil Conservation Service
230 North First Avenue
Phoenix, Arizona 85025

Dear Mr. Bath~e.v~1
. .,

My staff recently completed a draft report on'the effect of a probable
maximum flood on the White Tanks 14 floodwater retarding structure. The
report concludes that the structure would be overtopped and presumably fail
in that flood event.

Sincerely,

;- ,
, '. . ,'" ' '\.

:- FLOOD CONTROL' ' "\• __ a
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Table 1

-

Top of Dam Elevation 1,056 m.s.l.
Spillway Capacity at
stage 1056 13,125 cfs

PMF Inflow 42,400 cfs
...

- PMF Outflow..

Reservoir empty 40,100 cfs
":'.. Reservoir full 42,400 cfs-

PMF Maximum Stage
Reservoir empty 1,057.3

- Reservoi r fu 11 1,057.4

.~
PMF Flow Diverted Past

... Reservoir 19,132 cfs
'.-

1/2 PMF Outflow
Reservoir empty 10,309 cfs
Reservoir full 16,990 cfs

1/2 PMF Maximum Stage
Reservoir empty 1,054~98 -
Reservoi r fu 11 1,056.34

1/2 PMF Flow Diverted Past -
Reservoir 8,959 cfs

·.·:1
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AZ-529~

White Tanks Project Structure 43
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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AZ-5318

White Tanks Structure i~.

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.

•





--'1
-.1
~'I

--:.1
. ~.;-

'·1.
I

-:1
-·"1~..

.:c.:1::-..

:.~~

·'l"1~~.; ..

~::~

:;;;:1
-:~~~;

:~3

""1·:...•1.
':~'"

~-~~

:.:;;1
~ ;~~:

'",,;

",,1
-a~..

:",1
':.1..':
,."!

,·1....

.'.

··1
I

HIGHLIGHTS OF DAMBR!< MODELING,

STRUCTURES 13 AND I~

JANUARY 1991
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TABLE 1
Highlights of Results for DAMBRK Modeling at White Tanks FRS No.3

Breach Breach Breach
Location Location Location

Description No.1 No.2 No.3

Water Surface Elev. at Beginning
of Breach 1209.0 1209.0 1209.0

Peak Outflow at Dam (cfs) 76,292 97,378 . 73,977

Perryville Prison - Mile 4.25
Maximum Flow (cfs) 68,650 85,632 67,861

Maximum Depth (feet) 3.76 4.00 3.71

Travel Time (hours) 1.80 1.80 1.84

Maximum Velocity (fps) 4.74 5.17 4.91

Interstate Highway 10 - Mile 5.45
Maximum Flow (cfs) 45,217 54,716 47,757

Maximum Depth (feet) 10.65 11.16 10.81

Travel Time (hours) 2.70 2.52 2.72

Maximum Velocity (fps) 8.41 8.25 12.39

Roosevelt Canal - Mile 5.75
Maximum Flow (cfs) 45,217 54,167 47,757

Maximum Depth (feet) 3.64 3.98 3.74

Travel Time (hours) 2~70 2.60 2.72

Maximum Velocity (fps) 5.65 6.04 5.84

Southern Pacific Railroad - Mile 9.25
Maximum Flow (cfs) 45,303 52,971 46,306

-

Maximum Depth (feet) 3.91 4.17 3.98
Travel Time (hours) ....... 3.61- 3.50 3.68

Maximum Velocity (fps) - 3.54 3.77 3.63

Gila River - Mile 11.25
Maximum Flow (cfs) 37,353 42,100 39,935

Maximum Depth (feet) 4.37 4.59 4.54

Travel Time (hours) 4.70 4.50 4.72

Maximum Velocity (fps) 3.69 3.81 3.76

13
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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) 0.50 0.55 0.55
Maximum Velocity (ips) 4.78 4.54 4.60

Southern Pacific Railroad • MiI~ 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 (ips) 3.63 3.33 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) 2.40 2.80 2.83
Maximum Velocity (ips) 2.48 2.20 2.22

- ... --_.... --

Gila River· Mile 5.S
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 2.27 2.20

15
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WHITE TANKS NO.3

DECLINE IN CREST ELEVATION

T. 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 AJ.

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

II. OBJECTIVES

The basic purpose of the study is to det"ermine the cause of
differential elevation of over 3.5 ft. along the dam crest,
with the lowest point being ~.~ 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 .

III. SUMMARY OF FINDINGS

A. 1978 Report on Cracking of Earth Dams

An 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 April 27, 1978 (Stearns et all. 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
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B.

cracking in some areas. No evidence has been collected to
indicate that subs idence ·::racks occur in any of the dams I

ftJundations . II

Under VIII. Summary of Findings:

"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.

q.. 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
- toBCS ,-performed a cracklocati;Jn-investigation (Fugro,

Inc.,1979) on White Tanks No.3. The work included digging with
trencher and backhoe to locate and assess cracks. The findings,
dated April 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 i3 of the transverse
type, however, a single longitudinal crack was obse~;ed

from Station 25~36 to 26+18.

d. ":iealing" or filling :)f cracks has occurred along some
of the cracks investigated in the backhoe trerrches.
The filling material Is most co~monly loose, fine to
coarse, well sorted sand.

e. Six pipe outlets were observed to discharge water as ~

result of Ditch Witch trench flooding.

f. ~NO 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).

g. No cracking was encountered from Station 0+00 to 13+30
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~8+50. It is recommended that
the original geology and other investigations data be studied to
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
.:::rack 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 inspection

3
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under the authority of the National Dam Inspection Act. The
following Section 6.0 Conclusions and Recommendations is from
the inspection report:

"(~orps of Engineers guideline's indicate that White Tank,s
Retarding Dam No. 3 is a high hazard dam because of downstream
development; storage criteria indicate that it is intermediate 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 ·Jf
up to 1.12 feet Eor 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 L~plemented in the event of a possible
dam failure .

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

~. 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 fill 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.
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Discovery of Decreasing Elevation of Dam Crest

Phase II Flood Study

Freeboard (ft.)
3.31
2.26
1. 4:2

Maximum Water
Surface Elev.
1212.69
1213.1~

121l.tr.58

7. The crest of the dam should be traversed by a level survey
to determine the magnitude, if any. of any settlement since
completion of con5t~lction. This should consist of deter­
mining ground surface elevations alc.ng the center of the _
crest at 20-foot intervals.

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-evaluate adequacy of the spillway, and means for
modifying the spillway to accommodate the PMF should be
investigated." .

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

A phase II study was conducted (date unavailable) by the FCD (see
Appendix C). The study included a review of w~tershed boundaries
which resulted in a reduction of watershed area. The following
results were obtained with the assumption that the reservoir was
full at the beginning of the storm.

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

Repair Works Accomplished

"The project consists of the removal of 200 feet of embank-
ment at Station 58+00 and replacement to its original exterior
dimensions. An embankment drain shall bee:lCcavateda,).ong the
centerline at Stations 18+00, 29+00, and l.tr2+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."

. PMF Ratio
0.5
0.75
1.00
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Appendix D). Elevations were taken at 250' intervals. The
lowest elevation recorded was 1213.5 at Station 10+00. while the
highest was 1216.9 at Statior:. 75+00. The maximu.i1 differential
settlement measured was 3.4 feet. The as -buil t dam ele")'ation W,Oj3

1216.

Subsidence Monuments

A system of subsidence monuments was established in 1984. Seve~

bench marks were placed at 1000 ft. spacing from Station 10+00 ~0

70+00 along the centerline of the dam. They were numberad A-1
thrcmgh A-7. Correspondingly, seven existing benchmarks located
at the downstream toe of slope, with the same stationing, were
numbered B-1 through B~7.

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

Updated Hydrologic/Hydraulic Analysis

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 desigr.
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 Hydrology Analysis of the White
Tanks Flood Retarding Structure No. 3 and No.4, dated October
1989. These need to be reviewed during the planning stage for
repair of the dam.

This Study

At the time of construction in 1954, the datum used for
construction was the 1948 elevation of USC&GS BM H265. ~o

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 sL~ years after the original
survey, the BM elevation was probably about 0.6 ft. lower then
when set, and the crest of the darn 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 sur'ley on 0~'91. This
represents the accumulation of differential settlement since
const~~ction of the dam in 1954.

6
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IV. SUBSIDENCE IN AREA OF DAM

Rates of subsidence have decreased except at Northern Avenue.
Decreases would be expected as use of the groundwater system naturally

Structure No.3 lies on the westerly limits of a groundwater
basin. Drawclown 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.

0.0452
0.0849
0.084-9
0.0931

0.1133
0.0754 .
0.1088
0.0655

Subsidence Rates (ft./yr.)
19~8-67 1967-81

2.781
1. 902
3.256
2.548

Subsidence (ft.)
19~8-81

Bench
Mark

F265
G265
H265
J265

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 darn 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 darn 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 H265.

Analyses of subsidence SU~Jeys for 1982 through 1990 show the
ends of the darn 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 darn
between 0+00 and 30+00 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.

Bench marks were installed along Beardsley Canal by the Coast &
Geodetic Survey in 19~8, 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.

Camelback
Bethany Home
Glendale
Northern

Street
Crossing

I
I
I
I
I
I
I

--I
·1
.1
-I
·1
I
I
I
I

·1
I
I



27

........ .-".. ... ."."" ~.')~I...........- "IJnrr, 6& .,-. -1.,,91 (~-~/;

~·().179.r (H- S/J

/ :-
. ~. a··d3" ~~4-"'J

:.- '.
29 26

.Uj

• ..JJ..

30

..
'5-i ~;,;, -

"

\'1' I ••~~<t.' - r- -
'~,,,,:1

"-1

,I r .. r~t::¥1 .,.,,,7;
~, j:.,,,,:-/ ;;-_..

-1- 1.. ' ...v~ ..

"

BENCHMARK
SUBSIDENCE RATES

'J6 •• )4(--.t. i '.

15

22

"'-.'1

'U '16 O(Oq~".,,-:

..J
3C~_~

.00Il JIlO ;:e<: "7'

FIGURE I

(4#1 ·~/)

/'7"81)

'+8'''1j

.(+••41)
'("·.11
(~-'1')

(1-1:/. 81)

(01'.'; .
;-011°'" •

,.*#."7j

" ;

.2.;1-8

1J.C 9~ 1

co,!$"

"'..'

r~.?z~,

.... • <7.C77Z.

X. :;.:;/0 31;

27')0·

1';,11,; I -,
.··.o·"Q

i • 2. ulr .' ~ (#·11 ~
te· ~.Q+"t. '1-6/)
R "0. /I 'J .. fI.·"7).
21 i••l

_~iu
1M tiM

r. I. ,,,~

A. • O.O'Jr

~ "~.o7S'.

..
j

16

9

4

~~••t.2.1' .

33

·JJOOCO '££T

".

,

·, ,

·· ,· .:..".'
I'~

i •,
I
I

'r'-~~!!.·-··-·-'---_-.J........,IlG.dJ..~;·;I;::'··..;:~::;··· ....·.. j':";
.• ,'\....... .;/ ~ 1 .1(- ~.(J.H (41'.

'
)'. ., ..' , /I.. I(. ..~.Ia8.' (+. -. 1)

D StT8l/TlON

I
i10

I
i
I,
I

,..,jL",=,:, .a,,,,~rw::l.~w::•..,':':"oll/ti.-__.
". J,,. '":...•

s

5

20

32

~'. -

I
i
;,
i
i
I

i

.....

:i,'.1~;
.'
%i 31

JI\I i ;
~" II ..

.i.i ; .
j ~'" ,• ..~. .) ,(1..5' :'

t \ ~ i ; I
. ,'" r---..~,._--:- ~B:::..~'2~l~2~~.-.

• . ;''lIlI''l. •

I
I,J·.· 7

f '"
9zoocoi ~

'Ear· g
"i·. ~

I -:.,.--.Z'=7j.....--""!"...--"""...···:.··....- ....:--.-...;;.,..m:w;,~······· .......
u~ •••• ~;

c::.:. " .. ..
-f.!, : !

1::: ~ : :· = : :'I ~ : :
I :\

~ 1: .'~ 11 I'\
""! ~

i· ~

i
---

1

1

1

1
1

.1

,~.

·1

',.::.,

·1,

'--:..1..'

,.···,1':' •.'

1
~, .. :_'0 "0 :'P1 ...."trlC 1iIO.'"

:(C,", .."hO" ., :t..lt- Q' '''Uf
.... ,1Ij -.",_ ....... t:: ... '.



-I
-_I

'I

I
'1
~I

I
--I

I-

I
~"I"

'.1
I
.1.
I
I
I

·1
I

v.

changes from ml.rung of the water t('ward lesser use and stable'
relationship between extraction and recharge. The increase at
Northe~~ could be caused by increased extraction or di~inution of
v'Jlu.rne ·jf the water be-3ring strata without decreased e:<traction.

A sur-ley performe-:i in July 1991. f·:)r the Fl,:,od (;I)ntrol District sncw-=J
the elevation of H265 to be 1195.591 (adjusted). The subsidence cf
the BM since the previous survey in 1981 was o.~~~ ft .. indicating c
rate of 0.044~ ft/yr. for the latest 10 years.

DIFFEP£NTIAL ELEVATIONS OF DAM CP~ST

A. Di3covery

A :ontract was awarded to G.R.L. Co~struction on September 16,
1981 for repair of cracked areas of structures No.3 &~. The
project was completed in August 1982.

On December '10. 1981 the ~roject survey crew ran a level survey
along the centerline of the darn, taking shots at 250 feet inter­
vals (see Appendix D). The elevation at station 0 + 00, the
north end of the darn, was 1213.9. At station 76 + 65, the
southerly end of the darn, the elevation was 1216.4-,or 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 darn crest.

B. Possible Causes

Four possible causes for decrease in the crest elevation are:

initial construction error;

consolidation of the darn fill;

consolidation of the alluvial foundation material under the
dam fill;

general subsidence caused by mining of groundwater.

1. Initial Construction Error

Sufficient survey data were not found in the files to 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+00
indicated the structure was properly completed.
Furthermore, the sur/ey data required to prepare earthwork
quantities for payment should leave little chance for a
large error in final finished grade.

9
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Consolidation of Dam Fill

3. Consolidation of Alluvial Foundation Materi3.1Under the Dam /

0.025
0.045
0.05.1
0.026
0.025
0.050
---te---
o.on (average)

2/8~ to 9/90
"Apparent"

Consolidation (ft. )

10-1-00
20+00
30+00
iJ,0+10
50+00
60+00
70+00

Station -

The dam construction specifications required fill to be
compacted to 95% of Standard Proctor Density, with a maximum
depth fill of about 29 feet. Consolidation after this 1ev91
of compaction should be negligible.

Consolidation of the foundation material due to the'weight
of the dam can be expected. but cannot be readily quantified
without bench marks designed specifically for measuring
~onsolidation. Furthermore,' it 1s difficult to
differentiate between consolidation due to the weight of t~e

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

The construction survey for the dam. dated 3/31!5~. was
based on the 1'148 elevation of USC&GS bench mark H265
(elevation 1199.391), l'Jcated at Glendale Avenue and
Beardsley Canal. No correction was made for subsidence
during the six-year interval. The 1967 elevation 'Jf ;-I265
was 1197.32, and the average annual subsidence for the BM
was 0.109 ft./year for the period 1948-67. The actual
elevation. of BM H265 was probably about 1198.8 in 1954. The
dam crest would have been constructed about 0.6' lo·....er th3.n
design.

Ai - Bl
A2 - B2
A3 - B3
A4 - B4
AS - B5
A6 B6
A7 - B7

Bench Marks

An indicator of foundation consolidation 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 indicatedcon~olidation of the dam
foundation during those 6.5 years was as follows: (see
Appendix E):

* BM A7 was reset, making A7 - B7 irrelevant.
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The magnitude of the rate of consolidation during the peri'Jd 2/':4
to 8/90 was about 0.0057 ft/year. This compares with the

,c3.lculated rate of subsidence 0.0849 ft/year at C&GS bench mark H
265, located near BM A2 a.nd B2, r:luring the same period. The
estimate was based on the assumption that the subsidence rate
c0ntinued to be the same during 81 - 90 as it was during 67 - 81.

There are several points to be made from the above results which
indicate consolida.tion due to da~ weight is not an important
factor in the differential settlement along the structure.
First, a relatively high "apparent" consolidation (0.050 ft.)
occurred at Station 60+00 of the structure where settlement wa~
low. Secondly, there"is no clear pattern or differential
consolidation which relates to the differential elevation
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 out that the above conclusions are only
indicated. The movement of monuments at the toe of slope can be
misleading because they might move in an unpredicted direction,
depending on settlement conditions.

4. General Subsidence Caused by Mining of Groundwater

General subsidence due to lowering of groundwater levels i3
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 differentiar 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 g:!:"0undwatersurface 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 is
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 r.ortherly block movement can be
explained by the fact that it parallels a line of equal

11



C. Subsidence Analysis

. -

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

groundwater level decline along which subsidence ',.;oul':
be expected to be nearly uniform. The southerly block
is located over or near bedrod: where s'.IDsidence show:j
be minimal.

Total differential subsidence between BM A1 and other 'A' BM's is
. plotted in Figure 3. Analysis of the difference between Al and

A7 shows differential subsiden·.:e between the two points occurrec
at the following rates:

Rate of
Differential Subsidence

0.0843 ft/yr
0.0579
0.0354

Period
195'* - 1984
2/84 - 7/86
7/86 8/90*

Since subsidence monuments ~er~ installed in 1984.
surveys have shown the lowest monument to be A-i.
located at Sta. 10+00, and ~he highest to be A-f.
located at Sta. 70~00. For the July 1991 survey the
calculated elevations were 1211.561 and 1215.091,
respectively. The difference between the two was 3.:3
feet. The original design elevation was 1216.0. about
~.4 feet above monument A-l.

Bench mark H265 subsided 3.256' during the period 19~8 - 1981 (33
years). The differences between elevations of bench marks Ai 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 EM H265.

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 19~8

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 4 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 ft below the lowest point surveyed on the dam.
The design maximum water surface was 3 it above the spillway
demonstrating that the dam could not withstand such an event.
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Figures 3 and ~ also demonstrate that little differenti~l subsidence
took place between Station3 0+00 and 30+00 on the northerly ene, ar-d
between 60+00 and 75+00 on the southerly end as previously discussed.
The elevation of subsidence monument A-1 was 1207.883 in July 1991.
[·azed '~'n 8M 8'"'90. Ties to USC&GS monuments showed the corre':t
elevati·:n t·:) be 1211.561 in a'.:cordance :.lith EM Q~75. The original
design called f0r a crest elevation of 1216.0, so the lowest existing
crest elevation is ~.~39' below design level.

Analysis of the surveys taken in 1982, 198~, 1986 and 1990 were made
based on the assumption that upon completion of the dam in 195~ the
crest was level at the design elevation •

Considering the scope of differential subsidence along the dam ~rest,

it might be a much greater contributor to cracking than was previcusly
assumed. The crack team and Fugro studies assumed that desiccation
was the main problem causing t~ansverse cracking, and the shallow
foundation consolidation was the main contributor to longitudinal
cracks. However, there were no survey data available for those
studies to specifically assess subsidence of the st~~cture.

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 CU~les 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 years, the area of maximum strain has moved
to Station 50+00 to 70+00 •

Figure J shows overall differential subsidence between subsidence
monument A-1 and the other "A" monuments, based on surveys in 1984,
1986 and 1990.

Figure 6 is a plot of the rate of differential subsidence between
SllDsidence monument B1 and the other "B" monuments for the periods
5/82-2/84, 2/S~-7/86 and 7/86-S/90. The rates of subsidence for the
5/82-2/84 period are similar to those for tne 30 year period for the
nAn monuments, while the'rates for the -later periods again are less
and indicative of higher strain· In the area of Station 60+00.

Figure 7 shows a family of plots of differential subsidence for "AU
and "B" monuments. These curves clearly show the maximum strain in

All the rate curves indicate a slowing in differential subsidence in
recent years. However, the area of :naximum strain, or the maximum
relative subsidence between two consecutive subsidence monuments, ha3
apparently moved from the central portion of the dam (stations 30+00
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 c(mtinues to dewater.

VI. SUBSIDENCE RELATED TO CP~CKING
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1.1
r-I
~I\'. the :lam fill has been in the area ,)f stations 50+00 'to 70+00 during

the most recent years.

In the memo from Hobson teo Arrington dated June 20, 1979. concern was
expressed at'out the cracking pattern of white Tanks No. 3 being
differe~t from thuse of other dams. An explanat~on could not re ffiaGe
at that t~me. There is no direct proof that dif:erential subsidence
was the cause of the large crack, or unusual cracking pattern but the
survey analyses strongly suggest that it may be at least partially
responsible.

VII. UPDATED HYDROLOGIC/HYDRAULIC M~LYSES

18

B. Phase II

According to the 198~ darn inspection report (Appendix Cl, 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 198~, date not available). The study included
a' field review of the watershed boundary contributing runoff to the
dam. The report indicated portions .Jf the watershed were lost
through avulsion caused by training dikes and diversion channels north
of Northern, and flows from the Caterpillar Test Grounds. The redu·;ed
watershed area input yielded the following results through HEC-l
analysis:

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

Phase I

b. The structure would be overtopped by 1.02 feet during a PMF
if the structure were intiallyempty.

c. The structure would not be overtopped during a 1/2 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 ~.O feet relative to the spillway. The dam
would therefore be overtopped sooner than the study
indicated •

The Flood Control District, in 1983, updated the analysis with
use of the latest version of FEe-l. The District concurred with
the earlier analysis and the results were summarized as follows:

In 1981, ErtecWestern, Inc. performed a hydrologic/hydraulic
investigation as part of a Phase 1 inspection report for White
Tar~s Retarding Dam No.3. The analysis was made with a HEC-l
model. .
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PMF Ratio

0.5
0.75
1. 00

Maximum Water
S'll'face Elev.

1212.69
1213.74
121/,;.58

Freebe,ard Ft.

3.31
2.26
1. 4.2

The available freeboard (assuming the crest ~s at design elevation
1216) exceeded the 1984 requirement.

VIII. AJ~ITI.NAL INFtlMATItN NEEIE)

A. ShQrt Term

The subsidence surveys for White Tanks and Buckeye structures
have been based on the bench mark "DEAD tI

• and have varied
from other USC&GS monuments about 3.7 feet. In order to achieve
direct ,:omparison w:'th deSign and as-built data, all subsidence
surveys should be tied into a grid IJf USC&GS monuments
established in ~ock. Future subsidence surveys would then be
more easily analyzed to determine actual subsidence and to
perform hydrologic/hydraulic reviews.

8. Long Term

Subsidence surveys should' be perfQrmed 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

Original and Repair

,There is little
the structure.
in the area had
considered.

information available regarding the original design 0f
However, it is likely that the problem of subsidence
not yet been observed, and was therefore not

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 information
therefore led to the conclusion that transverse cracking was mostly a
result of desiccation.

21
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XI. PECOMMENDATIONS FOR REPAIR

Verify Hydrologic/Hydraulic Conditions

Review Phase II studies/reports prepared by the Flood Control
District.. Review the latest District reportt-itled "A HYDROLOGIG­
ANALYSIS OF THE WHITE TANKS FLOOD RETARDING STRUCTURES No. 3 AND
No. q.1l 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.

A prelimina-ry estL~ate of' future subsidence was made by plottir.g
the survey year versus the elevations of BM H265 (Figure 8). As
an approximation, it was assumed that the first survey year
(1948) occurred 18 years aEter the beginning of subsidence. A
line was extended to demonstrate the minimum apparent life of t~e

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.

Total subsidence along the dam centerline needs to be determine-::!
at 100 ft. intervals. The reservoir floor ~levation also needs
to be surveyed and the volume of existing reservoir verified. The
watershed boundary determined in Phase II should be confirmed.

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

Future subsidence of the dam and reservtJir 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. Determine Existing Conditions

B. Estimate Future Subsidence

("1.....

D. Design Repair Works

The property south of the central section of the dam is owned by
Maric'Jpa Water District.

The darn and reservoir are 0n Flood Control District right-of-way.
Assessor's parcel numbers and maps are prtJvided in Appendix F. The
right-of-way pp.rimeter follows the high water line.

X. EXISTING Rr~:;HT-OF-WAY

I
····1
~'I

-".-1. ~.'

.' ~.' .~

·····"····1
<..~
:-:'-'

".1
'1
~I

I
·····1,', ..:."

:~:,:t. .

:.:1
I
:1
I
·1
I

\,.1
,·1

I



• { ..; i.,....: .. :. '..-~~I~~-----------------
YEAR

.. ..': . . ~'-'- - ----
I ~ II - '-'1' r ~I '": 11'11 11 .... ,. I ,., ,. h'" "'~'I ,I, ,,, .... " ,ro.lil'h· ~ 'II' III" I I 'I II j'.!I';~

·~r·~~'~-'~~~· : ~ I ~.~ .... ! 1::hl~49..-fi·· il?5PI'~~IS>I:1918q.2R~~,'il~,05~~?~OO·1 ill Ii!! 1:1 1/ ,li!'i!I:;\,
·+·1-+-·· .- -II . -. :!:I:llli'''''i--I' 1 .j·t .:-j lwIJ:/:.jJ! I 11~1-1:~1 II J!.-.LLt~.. J!. I ~il: I III Ijn 1[1.11111'1'1"11

L I-- J:.. i-f1+ J~l.' -L _..i. j • -Li= -L._ - J .J...I.I --J1t'1 "t - +,+. i" I I
.,1-1.-1- 1. --.-. .... !. . .. -. ' i !I!-'--·~_!... ·10 - II. il: I!" I ·jlil ..1 I! II j'll - --1.1..1.,.: II 1;111

1
;11 11'1 'II', '·1 III. Ii!

-··r·H--·· '-1 - -. "'!lif'-+--1 j·~·"+~IJ·~,LI';' -, '11', 'I"'-'I!" 1...... ,.,.1
1 III' j 'III'!!. . ' .. ' ... - - , ,. '~-'-" '1' '1 1 ._,1,,_.•1 - . 1-"'-1-1 '''1'' I,! 'Ill I Iii 1.,\11,1,11199 .... . . --....... I .. j ....., :jJIH-/ _.. ·Ii .' ]Id; .:-.... _.1. ... '-I!i I!i! I' H. Ili" 1'.11

1

j:~ ~t=; ~ ~.'~'>.:: .-1 . _= : '. .' :' .. t~ .~:~: ~i. r-I_T~N:j II iIIIIIII!:I II ': jiii JIi-'; , -mi, III til 1ml +~, ,i Ipili 1::!
..... -.... ... ... '." . ~ -. -"r ..... 1··I:;\l ii I ~'Ii; - l -nl.. j! Il.lli.~ FIGURE 8 II1 I

'I <I . ' I_,U~I .::f- =t= ~:.. ='.: ..' .' -.:. tl !I-
J =j= ==. ... '.: :':E=·N~j· i=~ j -'.~ . i.·j .j ._1' 1- EST I MATED FREEBOARD /i:/

1198- -- ..:: .. =..:.·t --1----. -.. :. i.Jlil.J\ In!,~ .: .' -I:j·~ Ii! "j, I- REQU I RED TO ALLOW FOR III
"""' , ".. ! Ul.. :!llIll II I" . ,

. - . ... - .•• - ..,. - .. • •. -. ~ I '" HI._. . 11' . !! I • i .. ,.~ ~~I·f--t·::·::· ... . I.: ... - SUBS I DENCE r-.~_·lj i\:::rl..'.: :: j:= j'l'l I FUTURE SUBS I DENCE ~Il
N '-I--!-- .. ,. . .. SURVEY PLOT.li rJ·~ Th .. - ... ,.. ~I~NOTE: Plot assumes subsidence'U!1

J: -:I-'I"I'I""I'''~ ..... ;' I'····· 1'11 11 ""1-"'" . .Ij·.!IL. j
l J!~;'I!' ,··'·'· .. ·1·' has been occurring for JI··- .... 1·'· ~- I I ,I I ...I"i- I.- .! .. ,!:.... jll:t' f 1"\' ,I! 1 1 •11 . . :11

•... 1 ... ' .! ,. __ !__..J... I'" I· ,. I ... : ...1 -. 18 ears rior to 194R I,55 11,1 ~7 : ,r ," I!'I'!'! ·11 Ill'\!: ",'''·f~· ..··-· .. -1- • --. '·!~c.:D'· ,1'11.1, I' .-. - ~ y ~!:.- .........+_.~_~ _.~•.~~ ..;~II
........... 1- -·J--t-l·_· .. ·!~_· ·11 .--I . I 1

1
11 1

••1'1-
11

'111 11·,11. I! i II,,--L,.I..-- -I"" .l.-t~f··· .1\ j. "'I·~'·-·II'I;j' III ,- ·/1, ITI II '1: 1 .,1 1
. 1-:1.1 1 I ':. I' i : I'-1"'1' , , - 1, Ij", . . ,,·n ,_L_I_.I - 1"1 - I... I .. 1,·- I .. ··.. I,., ·.1., I" "., "I,

.....[.·:·-1·-~"14:· - ii'; ·I!II i111·j:·! '. l'LI I:.;.: -·'-~f-J-I-~"",,,,,, '-r /·-j·l "rl"" '1 ":j:-li l'I1I"!"1 J~ .. .. , j ,'., .. : .1·:: :: .: I !,I:'
'1"·" , I Ht·m' "I, Ill" I *, II I. 11111~,!I.-1-- ._j-' .\. "---" '1' 1 . I .. 1" 'j I ... II _...... . .1. 1'1 '1'" I' .. 1, / I·' I .' :J, I'.. '_L I,' . ".~' H- J' "111, I \ ':i I -...' , .. " .i------.!.-.:--J-I._f-L-l,.

cl··LL:_:·--,.J·I·· .~! II:! l'l~ttl'l ~"l II: l:iH:,j,.I·-l-1-LL
,., ......I·!"·j·IH1·!I·· I··'·~I'··I ..Hlllll/' iill·I_ .... _~ -1- 1 '1'1 'I,· J:i'li ""'... 1 Id··' "\

0·1·1.,.! l.I.1,--· . I" 1','\ jl· II jI1111 I
' .... -I .. j.. , ." 'j'-' '-11'" II." 11 .. 1 I "'1'1. ····U !. ..,I'I·j 1'/1 ',., ·'1 ,.. ,

I ..I·~·I-·! I Ii :I .. ·j Ii .1,' I'--""'!"\ 1._11. I ·~·II!·.;' ..1._ 1, Ii .'1.' ,I.I! I': .. ,';

+J 1196 H'T",' l .. ::. W-1iJJ~!'i JIJ ~j;]IEtJ"·-I.. __ q 00_'--, j-(t:::~j -~. 't Ll.~Jwllll#.1 ~ht~ ~ .. :.~.:LI .. ~<' .. ~~L~ .~.~-~-t-~ .. !;
""1"1· :I·!·I .. \.; ,,/,illl,''I ilill "I'j,lll (r·f:--I"·,· .. I~ -.'--':. /,:;1' il'I" . '.'1 \, II.! II ·/f!llitt·\··+!· i.J PROBABLE MAX ;1· .' I I0 .... _1 -. - I - .' I II "'1' 11',,1./ 1.• 1- ., ...... I" .1. I' Ii I I· ii' ..'1 1 11"- 11 ... 1 ."1' 'I'" .. ,,1I . I ' "Ii, i .. , "11' . '.','" I SUBSIDENCE RATE"I> . I..... 1... !'. .: .'- ". ,.' :, '. _I ~,.... ! ~.! 1'1o :+t '1)' .. ! lil l . 11 II I ! ;lhi!I··~ .11 . \ -, "'llll,·WI' P :\11 I· _I!III .! j-. !II , : :. ,.. , ,I. ' ! .:L . - \, 1:1- i' .....L - .-to- f-!f1+ -:-uJj-. ~~-+._., . I... I

~ f'~~!~-1'k:~ ·~Jl·!; ~:I"· ,./'.1 ,III :ll,.· ':'1'1' II'~'I! I.~I:II·I.·-:~!"-::·I+ •. MTN IJMbM'I-Rn~ l[lrH"'.,~; ~JIII-:' ·'1'1 i I: j~;i,;jim!!:, ,I,':,' ~I·:i 11·'li.~1 11.1'; ,'tI; ;1111:: II

- i·· ~ 1·,'·.1 ..· .. '-1 - .--.,,_ ··LY"· 'II~I .1. II 'II' It j III I III I 'JoIllj1195 -.. : .. !'ili" 0·-·:: I' ~!i'!'~l0 ._.:.or- FREEBOARD LIFE\~' .., I I,!i I '," ;,1: i iiJI:!11 i I
n/ m . ·f- .. ...,~ --"- ..l..j--.... ow.II..i.!..... -l•• ...L,_I...i- _l. jJ. - -1-,. i' .,' , .., LL.. " .), .• I ' I' I '. , '. . ";'I! ' . ,. 'I ' .• f

1·-1...1·1-· I ...J j" II. II "', UI I. IPI' + .f1=' "'1· : -II '23' . YR" ,·.I·l·l ""'illl _1]1 t·1 ..,U'l."'j'j ,-I. ~ 1 '! I i Iii, 'I!: I!l., '.' I I. :':1 ,:,1 jld ':i: I.__.l...L\_L_._I ..I· ·I~ 11«" ,.. '1"'-.' II --.,1 jl.·I'j I, .. ·iI··,.!"-···· ..·il! 1,111111111., l.lll,I.I:II;:jl,.
1 I ,1 . I .. I I' i . • i !Ii' 'I': . , . ,.. , I' 'I I', I"" .

-- -., .. , , ..... ,1·1.. 0" "N" -- -... : ,., ...--....,- .... 1--11 '''' I·,." .. , 1,,1' I'; I" ,
, .• -I-I I-I~i-.I.IL 'Ii:~ lflll ·11;,·:1- J.I- .. ,_ .. ~.I.i~~j:+Hlllli,'II-~ .. :I.lL'! .." oI,·:,,!·,·"I.. ]·!·' 'oII IJ I" !;I;,i'i,!:,,; I,) ;.!"il :1,.1,

LLJ . ...w ..._~t 4 tl ...~ --t'&'.--- ....J~. _ ••!\ ......r-+-.-£.~._-.L.L.i-_ .. .--1-!..l. "*-',U .~J ~. --..... ... l···t11 .. II~ •. J.lt- ".l

,TtI.:",/.! '··II-I!. "1'1'1 11'1 J-r;;j1Iwl··· . ~lli~~...i,'!: !.. ·'1 ;.! ....... 1'.".'" til \,>tlll"i'·~1 i!I'''~1 !~: .. ,,, ! ..'. : .. i.I·! ji lili :i::. "ii.: .. !II:" !~."~I:klii'·I..,., ..j-j -/1.-.1 1 .. 11 two N 'il'll .. , I jll··I..·:130 rR .. .1 il .. '1 1 •. !,,', I ·I! "'J I~·I "" 1."1." Ii, "I ;",1",1,
....-1._-... Iii. II - .... ',1 ! " ' ·1 _'-'- • i ... i :i. I.L, I I" il/. I.., iii"'" I',. ,ii, .. I'lL. ,',1194 1-1 ,.-j. -1. 1-1 llh:" IiliD:::.i II; ./J.II jl i·j I·· _.. -_._. ·t·I-"· ...... ! ~"j'" .: 11"11:1 !- ...;.... j.1 ,.t!...... :.,. \, ! i .. ; '.! ! I, I i L! ::: ,.,1: I; ,: : ,I.:, "., I, ;

1 1.+ itI""if:Pj . I '_~_L.......-i..-...... ..1 .. "w.11 J.L~il-i-~.J._._\._ •..J...J_~-'.· i -'_1.,1.-"-..... _..........,./__ '1.1 1' ·, .. ····' .. '1· '1. ,. u...,~ , 'I ,. I ,', I • i .. JI. . I , . -.. ,. '.. .'-r r,;.: ..,
i I .' .. !!-f. .. Ij' I III 'I I I 1 .. 1 ,...J. .. I .' I I ,. ,I , II .i ..... II ., d .. J.; 'I .. I , ..., •. 1,1 i, I I, I. i I I., .. ·: ... I", ' ,. ..,. . IIlil·II.:III.llll::J!!\II!.IIIIIIII;'iili.lilll:.i. /-, .. ' I! 1·56 YR.. I.l·H·ii·":lil:' ... ,. : i,· ,:1: '1!1!!;j'olii.i.,.::II.I'I.:.II;-j,1I .- .. ...l ...",; ',:1 i·I·I~III"!"j, !1\"lj .. :: .. ., .. ', \1·1 I~" !"II·d~""!··I·:·'·!· .. ,... ,:1.,1

I ! ,1-: I!.'" !·II !t'j I • I ..• ! ~ !j:' . '•.1 •• I I i ~ I I ~'I': I .. ,I:~,I :1:, ... (,. , I;! I .I.~i .".J.. \~ I t_ ~ ~ I : . .1. lid I •• , I! .~. .f I it ..~ _····-···--I~--'..I-~-.L.,. 44'_IJL~ ...1-.•. '-4.;~ ~11-...l·..· _.-..-. ·I ··~ - ,,,,." 1;li~:J·J· ~ f4-L..-L_ --I"i' _.L \ ..f-,~-1~ ..--'.-! t.!.,., ..l J. ···1- .. · .1 _.J "1. ' .: ",.' 'I' ,. I I 'I' . , .. , I" I ii" . R" .., ':j " /. . """1' I "... 1·:"I',·,·i1·:· I I··,,·"I",
ij
l!'I·'· ..· .. " , ... - .. y.II .. '.•. , ..... " .... " ... " 'I" II'! '::""1'" "~I' ""':".'

. I I II 'I' :/ 1 I' .\. I ""'" '. I Ii" I r'\ I ' II. ,. \' . I II '1 I·l· J1I ., . . . . '; . f !! .: I. • I I I . I ., .• 't: I I . . .. ...: . I • , ~ J . .I t I' I.... ,I, I I I .'. I I ! I I .; I. .••• l. I I .: "": '

-!- •. ' :.,'! 'I; ' •. Iii; I.~II I~ "'1: ~__ .I~._ _. • I \. J II, 'I ;1, Iii Ili' .. , .. ,I I ..., 0 •• 1
\., ·I,:.:II;"!:l·,;,lh"'·::li:l:i!Il!:~I:'1\1;'1':"'1:":1 \. ·1,1.\.;, .. ~.,.,. ·11:·! i ;11\:: ·121'i,,;:I'I';·~Ll"';:"::

.1



I
:--1'

~'-I

1-'.' .'

,··.-1·
'"

'''I
"'1'~.. '. .

~>~:~'.

"-1' .

!.:)I·~')": "

By:

Reviewed By:

William A. McFerrin

John Harrington, State Design Engineer

-'

C:.'.I, " .. " :- Approved By:
'.'.'":.

':'.~:~

e--II,".:".
:.":;'>
C

.··1
',·1
,I

·1
I
I
I

Ralph M. Arrington, State Conservation Engineer



-I
"1
~I

-~ I
~I

I
·1
~I

;--1
.,...

I
··1. '

.-1
I
I
I
I
I
I
I

BIBLIOGRAPHY

STEAP.NS, C. E.• SMITH. R. J. ,. and STEVENSON, J. C., 1977; Cracking·:-f Dam3
in Arizona Interim Report of SCS Study Team for USDA Soil Conserv'ation
Service, Phoenix. Arizona, 17 p. with figures.

STEARNS, C. E., SMITH, R. J., and STEVENSON, J. C., 1978; Cracking of Darns
in Arizona Report of the Crack Study Team f0r USDA Soil Conserv'ation
Service, Phoenix, Arizona, 31 p. with figures.

FUGP.O, INC., Consulting Engineers and Geologist, 1979; Crack Location
Investigation White Tanks No. 3 Flood Retarding Structures Maricopa
County, Arizona, for Soil Conservation Service, 16 p. with Appendices.

ERTEC WESTERN, INC., 1981; Phase I Inspection Report for White Tanks
Retarding Dam No.3, for Department of Water Resources, 39 p. with
figures .



___I

r:-:·I
{ :"

:" ....1
! :

1,,1
I.•

,-'".·1.'

;~I

"-I

·-1
\~,.~

··,z:1." ..

I
I
I

",·1 .
.-1
,-

:.1
..'

-.:1
,I
I

;1

APPENDIX A

Investigation Authorization

p



·.:1·1

e
~\ United States

• Ii Department of

~'I W. Agriculture

-...•... 1

Soil
Conservation
5eMce

201 E. Indianola Avenue
Suite 200
Phoenix. Arizona 85012

Subject: ENG - White Tanks 13
Investigative Committee

To: William McFerrin
Design Engineer

Date: February 6. 1~9l

File Code: 210

Recent top or dam surveys tor the White Tanks *3 FRS shows that the crest
has sustained significant decrease in elevation ina south to north
jirection. Maximum difference in elevation is approximately 3.8 t't. This
means that the hydraulic freeboard value for the spillway design hvdrograDh
is inadeauate for this existing high hazard Class "ell 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. WN'l'C. you
are hereby appointed as investigating engineer for this job. Follow the
policy. procedures and guidelines. as appropriate. contained in the NEM Item
504.0~ page 504-3.

Please schedule your work so as to complete a draft of the report by Mav 3
1991. Please keep the State Conservation Engineer appraised of your
progress.

4t~
DONALD W. GOHMERT
State Conservationist

cc:
Richard Van Klaveren. Head. Engineering Stari. WNTC,
Bart Ambrose. ASTC (P). Phoenix
Ralph-Arrington. SCE. Phoenix
Jon Hall, DC, Phoenix Fu
Joe r.nisley Jr .• AC. Tucson
John Harrington State Design Engineer. Phoenix

The So~ Con.erva'lOfl Service
•• an agency 0' tria
Oaclaftmen' of ";ncultura

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

2. Detail-the outlets similar to these installed at the Rittenhouse Da~.

Buckeye #1 (Buckeye ~atershed)

OAT(: ,June 20, 1979

r<·UJ~
(}/~"'../...A--'_U:...z.S

\':~5t TEChriical SE:rvice Cen:er :: L-.=---'/'

511 ~w 8rG2rl~ay, Rm. 510 : 7
?~rtland, Oregon 97209

Soil
C()r.~er\:atlon

Service

EN - Arizona Cams - Crack Location
A&E Investigation Reports

Analysis of their data verifies that repair work is necessary at all five
structures. 1·liththe possible excep:ions of Hhite Tanks #3, it appears
sufficient investigations have been ~ade to obtain data to determine the
extent and ffiagnitude of needed repairs.

Ralph Arrington, State Conservation Engineer
SCS, Phoenix, Arizona

The reports pre~ared by Fugro, Inc. of their findings and recomme~dations

for the Buckeye #1, White Tanks #3 and #4, ~agma and Vineyard Road Dams,
have been reviewed with much interest. The reports are well prepared.
Data is presented in a logical, easy-ta-use manner.

In the recom~endations 5e~tion of 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 that the terminology in the reports
be changed.

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.

Alternate "b" is favored by our staff to repair this structure. If you
select this alternate, it is suggested that in preparing the designs, you
ins uret ha t :

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

4. Install repair measures in questionable areas as well as demonstrated
distress areas.

Cniled Slates
Department of
;',gricullure
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White Tanks #3 (~hite Tanks ~atershed)

The pattern of cracking at this site departs significantly from the
pattern at the other sites, ~e are particularly concerned about the
deep crack at station 58+05. It is reco~~ended that the original
geology an9 other investigations data be studied to see if this crack
may be explained by discontinuities in the foundation. It may be
necessary to do more investigations to better GEfine 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.

White Tanks #4

Alternate "all presents a rea.l possibility to solve the potential problems
at this site. It is suggested that this possibility be fully evaluated
in selecting repair measures.

From the standpoint of evaluating the overall condition of the dam,
alternate "b" provides the opportunity to observe and log all the cracks.

Vineyard Road Cam (Apache Junction Gilbert watershed)

The data collected show this structure to be badly in need of repair.
We do not look at alternate "e" as a viable solution. It appears that
alternate "a" is the best choice for long-term correction of the problem.
The suggestions enumerated for the Buckeye #1 repair should be considered
in the design of repair measures for the Vineyard Road Dam.

Maqma Dam (Magma ~atershed)

Data collected indicate this structure has serious problems. The extent
can better be evaluated after completion of the Fugro investigations of
earth crack-potential and the USGS bedrock profi!e study that is planned .

STANLEY ~. HOBSON ~

Head, Engineering Staff

cc: .
Thomas G.' Rockenbaugh, State Conservationist, SCS, Phoenix, hrizona

-.



APPENDIX C

Phase II Studies



-.

-

FIFE SYMINGTON
Coverl\or

ELIZABETH ANN RIEKE
Olreetor

1:*531 P01

9-/7-/??/

AZ DEPARTMENT OIr WATER RESOURCES

~CS- .P-4J~'x

ARIZONA DEPARTl\1ENT OF 'VATER RESOURCES
15 South 15th A".nue, Phoenuc. Ariton" 85007

TeleJ)hane (602) 542.1 SSJ
Fax (6022$5.0508

MBSSAGE'

TELEPHONE: (602) 542- IJr~J EXT•

TELEFAX TELEPHONE NUMBER: (602) 256-0506

!PROM:

____ PAGES TO FOLLOW

SEP-17-'91 TUE 10:45 ID:DEPT WATER RESOURCES TEL NO:602 256 0506'-1
,..,I

~'--:I
.'.

7··1
··~I

-:.1·
i'·.

-",I

..1
.··1
.:s.;1
:-;t
:-'"':'~.

-.··1

I
I

·.·1.~~'.

'•..:,

:~:

:I '
.~.:

._~I

,I
~

·1
..;
~,

I



.. ,

07,2e

SC~ 'f';14X.,lJ ~4t:; - S/J7

SPILLWAY CREST
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DEPARTMENT OF WATER RESOURCES
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INSPECTION OF OPERATIONAL DAM
•

paul Dipierro L !arl Xirby. FloQS.1 Cgntrol Pinde;!; Qf Maricopa. county

-····1 . ~......... ,
,."..--fr':'

r,~'\I

,1'.1
LIAME OF DAM _Wh_it8_T_a_n_k_i_N_O..;.."~3_F...RS DAM NO I

" TYPE OF DAM _E_ar_th_fi_l_l -- FREEBOARD FT I

J:ITORAGE LEVEL _ D:'y FT I (xx) ABOVe
. ~ ) BELOW

J.: IONTACTS

, ...

• Smith covey « SCS, Phoenix

NO apparent cracks or sinkhole. were no~iceoble.

The historic sinkhole near 'the upstream toe near outlet IlL". (station 46+00 (1954) and
~hase I) has been covered by maintenance dressing of the channel along the upstream toe
of the dam •

JI
IF
f'" 1. The embankment shows some rillinq in the soft fill of the upstream slope where material

,.1.:.:.... excavated frea the f111:81' trench was s~read"

.i! The down.tream end upstream embankment slopea have.Jame desert species' vegetation in"l different densities along the length of the dam.

i-:.I.
'I)·
.. Or

'Tr;·I·

The outlet. 4t 8tation 46+00 and 29+00 were also in satisfactory condition.

'tfILLWAY .
;.'~ • The 'Pil~Way c~ann.l hA. a light to moc1erate cove~ of desert habitat. vegetation ovor a
'1' soil generally havinq a gravel surface texture. The extent of! vugetl:ltion will have a

I minor retarding effect on flows during low sta~es of discharge for storms greater than
',.. '< th.; aSlumed loo-year frequency. . .

"1 -1-.1 i!1._
"'1 INSPECTED BY: _D_.E_.-...:;;cr~e;;;;:i~qh=t=on::.:.o.~Jr:..:: •..=a....W...... DATE OF INSPECTION:

,JHOTOS: YES __xx__ NO _. DATE OF REPORT: __~~;,.-.:...~_~
1
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its Tanks No.3 J'lU) (01,;28>1
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1:1531 P03

The Phase I Report indicated that the partial PMF capacity for this structure was about
0.6 PMr (0.8 ft. freeboard at 0.5 PMF, 0.50 ft. overtop at 0.75 PMF).

Bids are scheduled to be opened June 27, for a contrac~,to put granu1ar dam crest plating
on Whit. Tanks '3, White Tanka i4, and that portion of Buckeye No.1 not showing craCKS.

The crackin, problem has had a remedial treatment of ~ gravel filter core drain with
outlets ihstalled in 1981.1982 and a breach and embankment replacement at station- 58
(station 56+10 to station 59+90).

Freeboard

3.31
2.26
1.42

1212.69
1213.74
1214,58

Max. WAter
Surface Elev.PM!" Ratio

0.5
0.75
1.00

A 100-year CU%%ent criteria routing for the 23.69 em watershed may be near the 0.25 PMF
Phase I results. This would indicate a 2.82 ft. ·freeboard~ The results from & specific
lOa-year precipitation would be expected to be somewhat different. Whether the differenc~

would be significant for meeting freeboar~ criteria would be prOblematic. For a lOO-year
trequency ana.1.yS18 11: may De appropr1a~e ~o 1nc1uae -Ch'e areA lJe-cw,,,:sn 1.11.- 1'I\.;MJ.~"',=u OC;UU Qu\l .

the Beardtlley cana1 dilce.1n thegrosB _watershed..area with the nor1:hern subarea !Still
subject to pos8ible dike breaching, This area ~y become particularly o~itical for a more
secure level of local development flood p~otection in view of the increasing subdivision
development being experienced under the B.ardsley Canal.

White Tanks Dam 18 rated as a high hazard location structure with a small size rating.
The no:rmal Sop cr11:eria for this structure 15 '1~·,/1... FQ",- /,;(.v.s; I) .... (p/-<..-"" !,.h'--' ...

~ -,,;~

The FCCMC has submitted a revi.ed Phase II flood .tudy for this structure: "The study
included furt:.her field review of watershed boundary conditions for determining the wat:er­
shed area contributinq to inflow. The 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 flow. trom the caterpilla~ Test grounds, and with a full reservoir
at the start of the storm the maximum water 8ur!ace elevations and freeboards would be
as shown below for full and partial PMF flows.

Thi. exceeds the criteria for freeboard at the current level of flood diversion channel­
ization of the watershed generally" lying' north of 'Northern Avenue and south of the control
exercised by Mcz.u.cken Dam. '

As-built drawille)_ and the affidavit of total cost have not been received to date for the ­
drain repairs to Whit. Tanks No. 3 FRS. The as-built drawing should include the location
and current elevation data for outlet works "x", ilL II & JIM". It is procedurally inappro­
priate to i.sue an Updating license for White Tanks NO. 3 Until the final tee determina­
tion has been satisfied and aa-bUi1e drawin9s are on file. Minimum pool elevation licenae
restriction should be based on lip elevation ot outlet ilL" insteAd of outlet "K" (1952
data, .unl••• ch~nq.d by 1984 data). The status of the upstream seed~g is also uncertain.

.::
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••it. Tant. No.3 (01.28)
aga 3

~531 P04

An updated licen•• of approval for White Tanka No. 3 shoul~ be issued fOllowin~ receipt
of the a.·built drawing. inclUding current outlet works elevations, and the affidavit of
tinal co.t. for the repair construction. 1~es8 items sh~uld be received by December 31,
1984.

with the increasing housing beini located below the ~eardaley CAn~l between Northern
Avenue and !eardsley Road an up9rad~n9 of the storm diversion reli~bility along the
Beard.ley Canal to a 100-year level should be the criteria for checking the comparative
White TanK. No. 3 reservoir performance under 100-year or ~ ~Mr storm criteria for free­
bo&~CI.

71
UCOMMENDATIONS,-I

"-I
·1 An emergency action plan should be prepared, submitted for review and approval and kept

current.

1
:':.-1
,'j. Thi. high hazard location dam should be inspected annually.

:;-,1 Special effort will be required to detect probable future cracking evidence after the
.:i. pl&ceman~ of aurfac:. plating qravel on the dam c;r.st:~.

':;;~I The ••ttlemant point survey 'data' should be obtained and reviewed;
-..~ ..
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APPENDIX D

February 1982 Memo Regarding

Survey and, Discovery of Problem



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

-.

.. ..

Dale: February 9, 1982

Room 3008 Federal Bldg., Phoenix, AZ 85025

Soil
Conservation
Service

ted States
artment of
'culture

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.

ENG 210-12 Construction Progress
February 1, 1982
White Tanks No. 3 and 4 Repair

cc: ~ark Eddington, Project Engineer, Chandler Construction Office

The following are the elevations at 250 foot intervals.

jiv- f J..J.l:-
I

I •

John L.. Sullivan
Construction Engineer

Station Top Elevation Station Top Elevation

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 52+50 1215.4
12+50 1213.8 55+00 1216.1
15+00 1213.8 57+50 1215.7
17+50 1213.8 60+00 1216.3
20+00 1213.8 62+50 1216.2
22+50 1214.0 65+00 1216.1
25+00 1213.8 67+50 1216.6

L 27±50 1214.0 70-+:00 ___12.16.4
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 76+65 1216.4
40+00 1214.7
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APPENDIX E

Subsidence Survey Data

and

Consolidation Estimate



APPENDIXE

-.

'.'Apparent"
Consolidation

.. .. 0.025
.. . O. 0Ji.5
. : ~ o.o·si·
.' ,' 0,0. 02.,c€.-..

.. ~••,;O. 025
.0.050

*

10. 072
18.875
21.533
20.155
23.055
2/;,.38l.l

*

7/90 Survey
A - B

10.097
18.920
2L,58~

20.181
..;>,......

23'-;;080
2~.~3~

18.498

2/8~ _.~urvey
A' - B

Monument
Number

'.'.

......-:::::
f. . ;.~. '. ".

'.'!e." ••.:

'*Monument A-7 reset.

Subsidence Survey Data
. and

Consolidation Estimate

1;
2~ .

.~ .. l",'
-,~.

,.. ,··.. ·.5·"
~.. 6:

7

The following data are from subsidence sU~leys taken February 1984 and Ju:y
1990. The change in the difference between "A" monument and "B" monument
is calculated and may represent consolidation during the period between
survey5e. :~. ..:; ,..' ...~.. . ,--
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SUBSIDENCE SURVEY=
~{ITE TANKS FRS. MARICOPA COUNTY. ARIZONA
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JULY 1986

..

".

1/97.9 0 7
//31.31l...
1//3~.q7/

/lB9. 0 t/9
//87.5v-.3
1/8().'lifr

/192. Z-9t../

8-/
J3·Z
/.3-3

/3·'1
B-.5
13-~

'0-7

\" ·.-.·,'· ... l Ii'··,:,;: lo'j:--'.. -
A-7

I3cr1Ghrna 1'/, loea.-Ilol7

f.3IV7 FE> - 9°
&'::;'/.:5 ..f;:,,... /9<jo e/Nr..-I/()t?5

(!)'1 (..)11rrr.! 7/JNk~ No . .:3
e= Ie:u. r 1'7-80, &t8l-

--;:

tJlJlre. ~K5 siTe No.-3) /91 0

/207. 979

rZ08. ZG:>7

/lOB.SOt/­
/209. z.o,-/
/210. tDlf3
/2/0.680
/21/. tlt/S -+-I?~ ef;o

A-I

A ·2
A-3

A-4
A-5
A-{,

/.\-7
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~I-PP'PANK"'TE • 3 - -

,\~'~ >.:<;;~-- !:.":>:iihsj---- -I8':'?jJ- ----~hr,;~f;i -- ~:.~·~;;~;·J~.\;=/I- - - -- :'1- ,..t' . ':~- - '\:ij. :~f~\'~1~~£~~- '''{:]
iiIiII

'. :'~'~2~ .-.. i_.-
No. 2/84 --ill/ 86 Sta. ' No. '2/84

A-I 1207.397 1208.348 10+00 ,; B;-l ;':' >J197.";~OQ

A-2 1207.652 1208.622 19+95 B~r;:', : ('118Q:732'

A-3 1;207.864 1208.849 30+00 }: 13'-3"" , . 1186 .~qlJ

A-4 1208.529 1209.542 40+00 ' ,.~ ~:-4 '::111; ": ':1~88.·;34'~

A-5 1209.898 1210.939 49+88 .B-S t'" ." IlB,l? 81~'

.'
f : "

I
,~ .;:

A-6 1210.102 1211.163 60+08 B-6 1185.668

A-7 1209.927 1211.017 70+07 B-7 1191. 429
I

,j

\' :
' .

I'

i J • , .'
,.

WHITE TANKS SITE NO. 4 ;
, ,., .. I

"

!.., .(~ " ~~' '

'., ' .. ';.;.
1 :' ,:.' ~,

i~·
'; . ! , ,~:

" ~ ~ . ~ .
No. 2/84 07/86 Sta. : : No.' 2/84

C-1 1050.766 1051.059 00+47 D-1 REPLACED

C-2 1051.395 1051.666 10+00 D-2 1037.665

C-3 1051. 300 1051.596 19+62 D-3 1032.758

C-4 1051. 359 1051.642 29+59 1;)-4 1032.361

C-5 1051. 909 1052. 182 39+64 D-5 1034.868

C-6 1051. 773 1052.045 49+68 D-6 1035.910

C-7 1051. 248 1051.498 59+87 D-7 1039.496

7/9 0 7/90
C.-I /oSI. Ill.

D-I /oytp.583

c. -z. 10S,.73l- n-z. /038.0lZ

c:..-3 '05'. Go ...q "D -~ i035./30

c-'" /oSl. fo8t3 lJ-e.J /032.71'1
I ;"'1•. ; I •

c.-5' /o51.l.Ll~
n-s '1035· 22 t/-

c.-~ " losz.·/O~
n-~ 1Q3(P, Ztpz.

C.-7 'i /05'/.570 -0-7 /D39.8.37

til" I·;~~~),.

CTS ENGINI;ERING, I",C.
, .

07/86
1198.268
1189.701
1187.264
1189.354
1187.837

1186.724
1192.518

07/86
1046.492
1037.935
1033.022

,1032.609
1035.132

1036.165
1039.749

-.-+-­
I

36
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APPENDIX F

Property Ownership
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------------~------~-_._----------~--------~~------_..~-~ ._--
-22-o~ __0 (;

~OPt~DD~N~T

M C '" \.I COl

9 2N 2w

~~A..:o~.~scIII -
4739- 093

(9 2N 2\.1) SE4 EX \.I 15'
53 AC

. ,
~., ----

- - •.,-;",- - _.5~6.B%
. 1196,03S""STATE 7900

1370,870 95 00 SO.OO 90
fOR CAAAL & EX H 200', OF S 233' or W 2op' OF E 233'

"j ----

_17,
""l2';317, .

so
so

or SE4 154.

,,- -so.

----------------------------------------------------------------------------- -------------------------------------

so;

,,-

~., ,~~~~
, ·~'f~­

. ""'~I~' .~
.-

,.~~ '. ··.>~~t,~>: ... ~: " ..•~~~ '.. """.< .....~. :"~:~::~

-22-OO4B . '. PO BOX 730 PEORIA :'Z8S34S ,.:~, .•.. ,SO.'. .920 AC SSOO
PROPERTY ADDRESS NOT AVAILABLE FRON ASSESSOR ." '~. . t\' SO ,': 16.0% SSOO
KARICOPA co .KI"J)lATER4~ON DIST NO 1 ~.-£ .,.1".'1072- 2S3 11-1 - ~~ S80 ~YCT LTD OR NO DEV PT 7900 $0

\ ~,. ~ ,~J~' 11"" It! :l .~..,......' 'It ~ ~ .~ .. S80-ho 85 SO.OO 90 SO
9 2N 2~ (9 2N 2\.1) N 200' OF S 33' F W200' OF E 233' OF SE4 .92 AC

---------------------------------------------------------------------------------------------------------------------------------
-22-Q05A . 3325 W DURANGO PHOENIX AZ85009 so 138.600 AC S2,079,000

PROPERTY ADDRESS NOT AVAILABLE FRON ASSESSOR SO . 16.0% $2,079,000
~1t.~RICOPA COflOOOCONTROL DISTRICT~0822- 9 09-10774 ....~.' Sl15,830 . STATE 7900 so
r-"'~".' ''1f . .J.,$. ,~ .• ; • ~~··)SH2;640.~.9500 SO 00 90 SO

9 2N.j2W· It. I~~. t .(9 2N 2w) BEG NW COR SO SEC TH S 36S4.15F TH H 450 45M E 34 12.88F TH N 1293.35f TO PT
,. ON N LN SO SEC TH '" 24 31.56F TO POB _••.:;:~

5

so,

Sf

so

TA>

so

-
~.

TOTAL rCV
LAND- rev
IMPR- rcv
TOTAL LIM

CoPY'UGH' 1_* -.c

1991

;~

"'t.~" ".

I DATE TI VC PCL SIZE
I DATE TI VC ASMT%

LCIC DESCRIPTION TAX AREA
LC IC PROP TAX YR

..;. ·t•.·;.t~:. ~"'-l

KG1
~~},~~~,:, 2~:u.,·.. ~*a.h,:~ ..

.. 1~~1:::~'" ~ ~.~\

',. .' ':::,' REAL ESTATE INFORMATION SERVICES -

.:.~,:.~'J""
~·i...f· '. . :.. ':.' .:<..•....' w

.':flf:"~.. " ."::f\i.. ,~. .' ..

2~-:22;,0 05.:~~~ .'4 t~~."".:.··.:\.·~:·.l'·"r.'r ... ~....."":-i ... ': :....i~:!A.·},. .....~
., ~.-:r . ~ "'»i' ':~•.: ' '. . ''I'" '-\o'~"" .-r.~-;';:-«1l. .'i' "': /' .' ~:.:." ':. IS .. ~y ~. :" ,. :' <'0 ;.. ~~. ':. ." tcARICOPA·f,.~ .....~r:·'l.1Y.

.~. .', . .. .

PARCEl OWNER HAILING ADDRESS SALE PRICE
PROPERTY ADDRESS PRIOR SALE
TITLEHOL~ER OKT-PG REC-DATE PRIM ASSESS
COH1'RAcT PURCHASER i DKT-pG REC-DATE SEC ASSESS
SEC TUN RNG GRID CENSUS ZONE ;LEGAl DESCRIPTION

-------------------------------------------------------------------------------------------------------------
-22-OO58Ut:.·,,,"~~., PO BOX 730 PEORU-AZ8S345·.·" ;;..~~~ '". :. SO·,~~ ,161.400 AC $2,721,000
• oJ.:i '~ERTY"'AOORESS NOT AVAILABLE fRON ASSESSOR~" ;i"- SO jf"" • 16.0% S2,721,000

HAlICOPA'C0uiktlJH,\IATER CON DIST NO 1 ~~1;O:~;'~":" 'I'. ~ 1230,120 ~~STATE 7900 so
~ .' ";iI. .:·r~ 'w ..' ," , ,.' , '. S435,36O .. 95 00 . SO.OO 90 $0

. 9 2M' 2" " .. ... ,(9 2N 2\4) Wl so SEC EX BEG N4 COR TH S 3654.15f TH N -;50 45 " E 3412.88f TH N 129L55f
; TO PT ON N LN SO SEC T H U 2431.56f TO POS-

. ---------------------------------------------------------------------------------------------------------------
-22-006~~3335 W DURANGO PHOENlX'.Al85009~" ., SO";" -76.990 AC $1,154,850

r'~ADDt£SS,NOTAVAILASLE'fkOHASSESSOR .' ~_. "', 10 N·' 16.0% Sl,154,850
. MIlCOPA Cotl!'!.UflOOD CONTROL OIST~87:'7624561 10-08-8 .. S103,340 1{STATE 7900 SO
f3M'-tWw"'Ili"'~,,- .. : .~f.J" ~'.~ .' &184 175·95 00 SO.OO 90 so

:,\~·••,(4· " 2M •. 2" ". ~, ~" "', \ .C4 2N 2w) BEG $4 COR SEC 4 W 2090F N ho 10M E 449.22r N 450 \l 212.13f N nor E 280r N
,. . "',' ! . 300F E 580f N 210 06" W 610f N 430F: E 919.65f N 3472.92f E 250f S 5282F POB

~-------- -----------------------------------------------------------------------------------------------------------
-2~ Pior£ADD'£S~~:.o~ ~~~~;r~~:~~ ~~~~~~~R~~'~t ~, ~:, 11 ,:~~:~~.~ g~:g~:~~ ~~ 03 .O~~.~~ :~:ggg

nln AI'IfRICMtynLE INS CO;·Al Tit 7221 8S-360530 08-01-8S,:r'''"1i-.y; S6,190'~· VACANT, UNDETER14INED 1903 SO
., .", . '_ . ',~ S8,000 (j 00 04 S7~. 98 90 so

. CL 4900) ROMOLA Of ARIZ 46 LOT 4900 A 8 C 0 E '
----------------------------------------------------------------------------------------------------------------------------------l3-OOZ 111 ~ MONROE P~O£NIX AZ6S003 S1 915,250 08-01-85 WD' .000 AC S50,000

~OP£RTY ADDRESS HOT AVAILABLE fRO'" ASSESSOR '880,000 02-19-81 WD 03 16.0% S50,000
rIRST A",ERJCAN TITLE INS CO Al TP. 7221 85-360530 08-01-85 S6,190 VACANT, UNDETERMINED 7903 so

,! . ~8,0 00 po 04 H64. 98 90 10



\hl. , .~~; \.11",.

51

-
51

5

-----------------------------------------------------------------------------------------------------------------------------------502-99-001 2020 N CENTRAL AVE STE 170 PHOE~lX AZ85004 S3,19O,000 11-10-88 SO 319.000 AC
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR S3,190,000 07-11-86 SO 16.0%
PIONfER TRUS T CO TR 20797 89-320771 07-13-89 S2,55O VeT LTD OR NO OEV PT 9000

S2,55O 00 85 S92.72 90
35 2N J~ <35 2N 3w) /cLAIMSI LUKE AUXILIARY 6 GROUP 2 CLAIMS EMBRAC ING SEC 35 2N Jw SE4

• . "'2 NE4 SW4 M44 SW4 LOTS 1 r. 2 r. LUKE AUXILIARY 6 GROUP 7 CLAIMS EMBRACING SEC
~ N2 SE4 LOTS 3 r. 4 UNKNOWN OIST 319.00 AC

S15,950
S15,950

SO
SO

HE4 SW4
34 2N 3

-----------------------------------------------------------------------------------------------------------------------------------
01-llr87

4w

4U

7N7

7 7N

).i '.~•

SO 46.440 AC S46,440
SO 16.0% S46,440

17,430 ~ VACANT, UNDETERMINED 0950 SO
S7,430 00 04 S690.10 90 SO

(7 7N 4w) BEG SW COR SE4 ~4 SEC 7 TH N 890.66f TO TPOB TH CONT II 435F TO SII COR HE4 N
114 SEC 7 N 10 1326.40F TO ~ COR NE4 ~4 SEC 7 E 1317.24F TO ~ COR SEC 7 S 10 W 1173.
12F ~ 76F S 560 151.14F II 141f N 570 W 1JOF N 820 II 34.15F S 610 29.33F S 340 W 80F S

55D E BOF S 3D E 100F S 790 W 33F N 220 W 80F S 670 II 100F S 220 E 78F S 670 II 95F N
220 W 30F N 530 W 81F N 160 W115F N 500 W64.54F II 72F S 520 II 73.03F S 190 W90F S 2
10 E 93F S 370 E 191.10F TH ARo CUR TO LT 132.65F S 220 49H W201.14F N 500 WTH ARD C
UR TO RT 40.11f N SOD 13" II 358.42F " ·114.06 TO TPOB

. --------------------------------------------------------------------------------------------------------------------
503-01-()()1f~-&.~~'" BOX 20790 WICKEPEURG AZ85358·f;. .~): '&.;..; $0. 29.934 AC S29,934

PROPERTY ADORESS NOT AVAILABLE FROM ASSESSOR • . ~ t~_ SO ;,:,. 16.0X S29,934
\'It ..... , WH PARK ,CORP:i' ~i,. J"" . 85-477882 10-08-85.. . '. $4,790;;.. VACANT, UNDETERMINED 0950 SO

. ' i S4,790 00 04 S444.90 90 SO
(7 7N 4w) E2 NW4 EX eEG SW COR SO E2 N 498F TPOB N 125F E 348.4F S 125F W348.4F TPOB
r. EX OKTS 85~595733 t 87-030587 PAR A r. EX PAR OAF COM N~ COR NE4 SW4 SEC 7 TH S 240.4
3F TPOB N 560 25" W96.08F N 390 47" E 330.11F N 360 19M E 213.71F S 140 57M E 275 .35
f S 100.30F S 390 56H ~ 278.21F N 560 25" W182.03f TPOB

SOJ-01-o01E POBOX 20790 WICKENBURG AZ85358
PROPERTY ADDRESS NOT AVAILABLE FROM ASSESSOR
R r. B ENTERPRISES LTO PRTNRSP 87-030587

,.,

CCW','t"o", '.w lit«:

503-01-001

------------------------------------------------------------------------------------------
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