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Attention: William D. Mathews, P.E.
Chief Engineer & General Manager

Re: McMicken Dam Restoration Study
Maricopa County, Arizona

Gentlemen,

A second draft of our Geotechnical Investigation Report on
the referenced project is herein submitted. The report in-
cludes the results of our photogeologic investigation, test
drilling program and laboratory analyses. Discussions con-
cerning embankment cracking and earth fissuring risks, the
development of alternative approaches to repair, repair
costs, and a schedule of maintenance and inspection are
also presented.

Should any questions arise concerning this submittal, we
would be pleased to discuss them with you.

Sergent, Hausklnk

(

REPLY TO: 3940 W. CLARENDON. PHOENIX. ARIZONA 85019

PHOENIX ALBUQUERQUE SANTA FE SALT LAKE CITY
(602) 272-6848 (505) 884-0950 (505) 471-7836 (801) 566-5411
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McMicken Dam Restoration Study

Maricopa County, Arizona
SHB Job No. E81-138

1. INTRODUCTION

1.1 General Statement

This report is submitted pursuant to a geotechnical
investigation of McMicken Dam which included special
photogeologic studies of the general project area to
analyze earth fissures due to groundwater withdrawal.
McMicken Dam and project study area includes most of
the area between the Agua Fria River and the White Tank
Mountains and from Camelback Road north through T4N.
The location of the dam is shown on the vicinity map
(Figure 1).

Authority to proceed with Phase II of the project was
granted on November 27, 1981 by W.D. Mathews, Chief
Engineer, of the Flood Control District of Maricopa
County.

1.2 Purpose of Study

This investigation was undertaken with the intention of

addressing the following questions:

A. Investigate the cause of cracking of the dam
and determine the possible effects on the dam
of subsidence and earth fissuring caused by
groundwater withdrawal.

B. Identify regional fissuring network, subsurface
conditions in and below the dam and the extent
of cracking in the embankment.

1 a ‘ CONSULTING GEOTECHNICAL ENGINEERS
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138 -

C. Evaluate the changes in embankment geometry
which have occurred since construction of the.
dam.

D. Develop alternatives for répair of dam and
channel embankments and recommend preferred
approach. :

- E. Develop costs of two repair-alternatives.

F. Prepare a schedule of maintenance and ‘inspec-
tion activities.

1.3 Scope of Study

In order to accomplish the objectives outlined in Sec-
tion 1.2, the following investigative elements were
employed: '

A. A review and analysis of the embankment design
plans and specifications were performed.
Studies by the Corps of Engineers (1973)* and
Maricopa County Flood Control District (1977)
which evaluated the cracking of McMicken Dam
embankment were reviewed. Reports of embank-
ment cracking of other dams were reviewed along
with published and unpublished geologic 1it-
erature on subsidence, fissuring, vregional
geologic setting and hydrogeologic conditions.

- Available aerial photography of the study area
was reviewed to obtain a preliminary definition,
of geologic conditions.

B. An evaluation of earth fissuring in the study
area was undertaken using special photogeologic
techniques. This work included aerial recon-
naissance of the site wunder low-sun-angle
conditions and the performance of low-sun-angle
photography of the entire study area. An

FReferences are listed at end of report.
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McMicken Dam Restoration Study
~Maricopa County, Arizona
SHB Job No. E81-138

‘analysis of the photography was performed and
a field verification program consisting of
visiting possible fissure locations and trench-
ing probable fissure locations was completed.

C. A subsurface exploration program to investigate
geotechnical conditions of McMicken Dam embank-
ment and foundation soils was performed. This
was accomplished using hollow stem auger drill-
ing and sampling, backhoe test pits and shallow
trenching and flooding of the crest. ‘

D. Laboratory analysis of selected samples was
performed in order to provide information on
the engineering properties of embankment and
foundation soils., :

E. Engineering analysis was performed to .evaluate
causes of existing cracks and the risks of
future cracking. Methods of repairs were
developed along with estimates of costs of
those measures. An operational plan of in-
spection and maintenance was also developed.

The primary cause of existing cracks was found to be
settlement of a surface layer of '"collapsing" embankment
foundation soils. Settlements within the embankment
and shrinkage of the embankment may have contributed to
the cracking to a minor degree. The extent of moisture
sensitive foundation soils and intensity of cracking is
much greater in the Trilby Wash area in approximately
the northerly one-half of the dam. However, at least a
thin layer of "collapsing" soil and isolated cracking
is present over almost the entire length of the danm.
"Collapsing" soils are very recent deposits of looser

1%1 SERGENT, HAUSKINS & BECKWITH
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

silty and clayey sands which are perculiar to arid to
semi-arid- environment of the kind which has prevailed
past 12,000 years.

The probability for future cracking due to "collapsing"
foundation and embankment soils 1is believed to be'very
low in view of the fact that water has been impounded
behind the dam for relatively long periods of time
during its history. This is believed to' have been
sufficient to produce most, if not all, poteﬁtial crack-
ing from 'collapsing" soils.

No evidence of earth fissures due to groundwater with- -
~drawal crossing the dam or contributing to the cracking
‘through the dam was found. However, an earth fissure
was found near the southerly end of the dam. This his-
tory of pumpage of groundwater in the vicinity of the
dam, the consequent groundwater declines and subsidence,
and the anticipated future groundwater withdrawals and
basin subsidence is such that the formation of numerous
earth fissures in the vicinity of the dam is expected.

- Thus, it is considered highly probable that at least
several earth fissures will form through the dam in the
next few decades. Earth fissures would produce an open,
nearly vertical crack about % to 3/4 inches wide through
the dam and the cemented foundation soils., This kind
of crack would in all probability lead to rapid failure
of the dam when it filled. Accordingly, it is recom-
mended that a defensive design against this type of
crack be incorporated into the plan for repairs.

1 B i CONSULTING GEOTECHNICAL ENGINEERS
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

The recommended means of repair include a central verti-
cal drain, a system of finger drains, and a toe drain
consisting'of coarse gravel and cobbles encapsulated in
"filter fabric' (Figure 16). Grouting existing cracks
and grading to compensate for past settlements and ero-
sion are a part of the recommended repairs. It is
estimated this can be accomplished for approximately
1 ({fjiEb,OO0.00. onstruction costs.
y :

Intensive monitoring and surveillance is a part of the

recommended operating plan for the dam.

3. PROJECT DESCRIPTION

.3.1 Project Description § History

The following discussion and tables summarize pertinent
information taken from several references cited in Sec-
tion 4.1 which were reviewed in the course of the
investigation.

3.1.1.1 Original Soils Investigation § Design Parameters

The dam was constructed in the 1955 to 1956 period.
The original geotechnical investigation was ‘per--
formed in 1952 and consisted of 38 auger holes. An
additional 24 auger holes were drilled in 1953.
Density, as well as consolidation testing, was per-
formed on samples taken. The surface soils from
2.5 to 16.5 deep were described as impervious sandy

CONSULTING GEOTECHNICAL ENGINEERS
S PHOENIX + ALBUQUERQUE * SANTA FE ¢ SALT LAKE CITY
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

clays, sandy silts, clayey and sandy silts, and
silty sands. Caliche was noted as being present in
all soils, with more caliche in the sandier soils.
The soils in the drainages tended to be sandier.

The foundation soils were found to have densities
of 82 to 105 pounds per cubic foot. The densities
determined from undisturbed sampling of the existing
dike varied from 99 to 108 PCF. For design pur-
poses, - the foundation material was assumed to have
a density of 100 PCF, and the embankment soils were
assumed to be placed at 95 percent of standard proc-
tor with a density of 115.PCF.

Direct shear testing on remolded embankment soils
at 95 percent standard proctor showed frictional
strength (#) ranging from 28 to 34 ‘degrees, and
' to 0.16 tons
isSting—old embaﬁgﬁent,had
om—#= 27 to 29
degrees, and ¢ = o. For design, the embankment was

cohesive strengths (c) ranging from
per square foot. The
direct shear strengths ramngi

assumed to be cohesionless with a @ = 29 degrees.
Triaxial testing of foundation soils yielded § = 32
degreeé, and ¢ = o0, and triaxial testing of the
existing embankment soils yielded # = 30. degrees
and ¢ = o. '

Permeability testing on remolded borrow soils yield-
ed permeabilities ranging from 3.5x10—3 cm/s . to
7.0x10™° cm/s. The permeability of the existing

1%; SERGENT, HAUSKINS & BECKWITH
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Mchcken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

‘embankment soils ranged from 3.5x10-3 “to
7.0)(10'4 cm/s. For design purposes, the vertical
permeability was assumed to  be 1.75x10 -4 cm/s,
and the horizontal permeability was 7.0x107%
cm/s. This yielded ‘an average vpermeability of

3.5)(10'4 cm/s.

3.1.1.2 Older Existing Embankment

There was an older existing dam in place along a
portion of the McMicken Dam -alignment during its-
construction. '

This dam was built across Trilby Wash during 1953
with funds provided by the Agricultural Conservation
and Stabilization Service. The dam was called the
Maricopa County Municipal Water Conservation Dis-
trict No. 1, and was built by the Soil Conservation
Service. The dam was approximately 4 miles 1long,
had a crest elevation of 1352.5 feet, and had up-
stream and downstream slopes of 2:1 (horizontal to
vertical) and 1.75:1, respectively (Corps of‘Engi—
heers, 1953). The Soil Conservation did not keep
compaction records for thlS dam (Personnal Communi-
cation, 1982).

3.1.2 Tabular Summary of Pertinent Information

McMicken Dam - Trilby Wash Detention Basin
Length : 49,500 feet
Maximum Height 31.5 feet

!

CONSULTING GEOTECHNICAL ENGINEERS
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McMickenvDam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

Average Height
Crest Width
Upstream Slope
Downstream Slope
Crest Elevation
Earth Quantity
'Cost '

Detention Volume
at Spillway Crest

Detention: Volume
at Design Surcharge

Storage Area at Spillway
Freeboard over Spillway
Construction Period

McMicken Dam - Flood Channel

23 feet '
12 feet
2% to 1
2 to 1l
1361 feet
2,400,000 cubic yards
$2,180,000.00

18,000 acre feet

22,000 acre feet
2,230 acres
7 feet

July 1955 to July 1956

Within Storage Area

‘Flood Channel Width
Average Depth
Slope

Capacity

200 to 400 feet
'3 feet

Varies
0 - 0.00030

1,400 Cubic feet
per second (CFS)

McMicken Dam Spillway § Controlled Outlet:

Spillway Width

Spillway Capacity
Spillway Elevation
Controlled Outlet Width
Controlled Outlet Height

Controlled Outlet Capacity-

2,000 feet
16,000 CFS
1354 feet

20 feet
11 feet
4,500 CFS

CONSULTING GEOTECHNICAL ENGINEERS
PHOENIX +' ALBUQUERQUE * SANTA FE * SALT LAKE CITY
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‘McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

- Controlled Outlet Invert _
Elevation 1335 feet

Drainage Basin Data

Dralnage Area 247 square miles

Maximum Drainage Length 38 miles
Dralnage Width. 5 to 16 miles
Maximum Elevation 4000 feet
Channel Slopes 321 to 77 feet per mile

Sediment Atcumulation Rate

Sediment Accumulation Rate 0.2 acre feet per
' square mile per year

50 Year Sediment Accumula-
tion 2,500 acre feet

Runoff § Flood Information

Standard Project Flood (SPF)

Peak Inflow o 35,000 CFS
Four Day SPF Volume ' 32,800 acre feet
Maximum Outflow Through
Controlled Outlet for. SPF 4,450 CFS
Peak Elevation of , |

Storage for SPF 1354 feet
Spillway Design Flood

(SDF) Peak Inflow ‘ 52,000 CFS
SDF Peak Outflow . 22,000 CFS.
SDF Peak Outflow Elevation 1356 feet.

1@; SERGENT, HAUSKINS & BECKWITH
]

CONSULTING GEOTECHNICAL ENGINEERS

P~y PHOENIX + ALBUQUERQUE » SANTA FE ¢ SALT LAKE CITY ‘ 1 O




.

‘McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

Maximum Probable Flood (MPF)

Peak Inflow 120,000 CFS
MPF Peak Outflow ' 95,000 CFS
MPF Peak Outflow Elevation 1,360 feet

Time to Evacuate Storage
With Water at Spillway Crest .
and No additional Inflow 3 to 4% days

Spillway Outlet Channel

- Spillway Outlet Channel
Slope » 0.0020 to 0.00040

Spillway Width : 2,000 feet
Spillway Channel Capacity 4,450 to 14,000 CFS

01d Dike

Crest Elevation o 1352.5 feet
Upstream Slope 2 to1l
Downstream Slope , | 1.75 to 1
Compaction Records None

-3.2 History of McMicken Dam Embankment Cracking

Several reports were reviewed to investigate the his-
tory of the development of cracks in the McMicken Dam
embankment.

1@1 SERGENT, HAUSKINS & BECKWITH
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

The U.S. Army Corps of Engineers, Los Angeles District
(1973) provided the first detailed investigation of
cracking.

This report notes that inspections were made in 1964,
1966, 1969 and 1971 to investigate surficial irregulari-
ties of the crest. The irregularities were described as
surface erosion and small holes and tunnels. A trench-
ing 1investigation conducted in March, 1972 exposed
transverse cracks within the embankment, some of which
exceeded 14.5 feet in depth. A summary of all cracks
observed in this 1972 survey, as well as those found in
our investigations, is shown on the plan and profile

sheetppendix D. : . <

The U.S. Army Corps of Engineers continued its inves-
tigatidn with additional shallow test trenches which
showed that the cracks were predominantly located be- .
tween Stations 265+00 to 295+00 and from Station 445+00
to 475+00. '

Twelve auger test holes were drilled during July 1972
in an area of heavy cracking to determine the soil pro-
files there. Undisturbed sampling of the foundation
soils, both upstream and downstream of the dam, were
taken during August 1972.

Laboratory testing including sieve analysis, Atterberg
Limits, shrinkage limit and consolidation testing were

| :
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McMicken Dam Restofation Study
. Maricopa County, Arizona
SHB Job No. E81-138

performed on samples taken. Consolidation testing re-
vealed changes in void ratio upon saturation of from 12
to 34 percent for downstream foundation soils. Upstream
samples experienced void ratio changes of 8 to 9 percent
upon saturation at embankment loading.

The U.S. Army Corps of Engineers notes that during the

1953 investigation, extrapolated consolidation testing .
indicated that foundation and existing dike samples

would undergo a 30 percent and 25 percent reduction in

void ratio, respectively, upon wetting.

‘The 1972 Corps embankment consolidation tests indicated

" that approximately 18 percent of the embankment mate-
rials were placed at densities or moisture contents low
enough to have collapsible behavior.

The next report'reviewed was prepared by the Maricopa
County Flood Control District (1977). The Flood Control
District noted that the dam had been bladed to provide a
smooth roadway from 1966 to 1975. This action closed
existing surface cracks in the dam. A visual survey was
made in Marth 1977 for suspected cracks. All cracking,v
depressions, or rodent holes were‘noted and logged. The
-Flood Control District with the concurrence of the Los
Angeles District Corps of Engineers began a program of
trenching the crest of the dam. The trenches were
flooded to help 1locate cracks, and any cracks found
were to be excavated with a backhoe and refilled with

1%t SERGENT, HAUSKINS & BECKWITH
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

embankment soil compacted at 95 percent maximum density
at the optimum moisture content.

The cracks were more numerous and severe than antici-
‘pated, with depths up to 17 feet and widths up to 3
inches. The crack filling was abandoned after examining
the area between Stations 445+00 to 475+00. '

The Flood Control District concluded thét the cracking
could be continuous .throughout the northernmost two-
thirds of the dam, and that the cracking was not totally
caused by subsidence. |

The Corps of Engineers (1977) issued a report in May

- 1977 which noted that both transverse and longitudinal
cracking were found in 1972. Observing that a failure
of the dam could drown many people and flood Luke Air
Force Base, they described methods in which the dam
could be safely breached.

The dam was breached in July 1977. Two breaks were
made at sill level, one 700 feet wide near the center
of the dam and another 110 feet wide near the controlled
outlet, |

4. INVESTIGATION

4.1 Preliminary Studies

A review of available data concerning the construction

1@; SERGENT, HAUSKINS & BECKWITH
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McMicken Dam Restoration Study
Maricopa County, Arizona
"SHB Job No. E81-138 -

and opération of McMicken Dam was completed. This re-
view included studies by the Army Corps of Engineers
(1973) and Maricopa County Flood Control District (1977)
which evaluated the cracking of McMicken Dam. In addi-
“tion, case histories of other dams in arid environments
which have experienced cracking were reviewed and
analyzed.: ’

,Published.and unpublished geologic litefature and data
were reviewed in order to study the regional geologic
setting and the hydrogeologic conditions of the study
area. The phenomenon of subsidence and earth fissuring

caused by groundwater withdrawal was investigated by
reviewing existing water well logs, geodetic leveling
.data, available aerial photography, and geologic litera-
ture.

4.2 Earth Fissuring‘Investigation

4.2.1 Photogeologic Studies

~An initial aerial reconnaissance of the study area
was made under low-sun-angle conditions in order to
accurately plan the schedule of photogeologic missions
and to familiarize the participants with the area
involved. This reconnaissance was performed by David
B. Slemmons, Ph.D., and Mr. Robert Whitney of David
B. Slemmons Consuiting Geologists of Reno, and Mr.
.Michael R. Hulpke of this firm.

1%1 SERGENT, HAUSKINS & BECKWITH

{ B CONSULTING GEOTECHNICAL ENGINEERS 15
=== PHOENIX + ALBUQUERQUE * SANTA FE * SALT LAKE CITY

. .




McMicken Dam Restoration Study
Maricopa County, Arizona
- SHB Job No. E81-138

After scheduling of times and flight paths, low-sun-
angle photography was performed by Messrs. Slemmons
and Whitney along with representatives of SHB.

Low-sun-angle aerial photography 1is essentially con-
"ventional aerial photography taken when the sun is at
a low angle to the horizon. The basic method uses
either the higﬁlighting effects on subtle geomorphic
features by low sun illumination or shading effects
by back illumination (Slemmons, 1981). This prbduces
either shadows or highlights on geomorphic features,
vegetation, or cultural objects having slopes steeper
than the irradiation angle of the sun (Glass and
Slemmons, 1978).

Since its inception, low-sun-angle aerial reconnais-
sance and photography has been found to be one of the
most effective methods of searching for young fault
scarps (Slemmons, 1982) and, as earth fissuring pro-
duces a similar geomorphic expression in many cases,
low-sun-angle aerial photography methods were -applied
during the initial phase of this - study. Special
studies for major engineering structures have been
conducted during the past 25 years that have shown
-the importance of this method in revealing detailed
fracture patterns that would be impossible to observe
on -the ground. In some cases, low-sun-angle aerial
photography has revealed 90 percent more geomorphic
features than were observed in the field or with

conventional photography (Glass and Slemmons, 1978).
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Photography of the study area was taken at two scales.
Low 1level photography at an approximate scale of
1:3,000 was taken along the axis of McMicken Dam and
the outlet channel. Low level photography along the
dam axis was'taken during both mdrning and evening
flights. This duplicate ‘photography provided two
low-sun-angles for subsequent analysis. Photography
‘at a scale of approximately 1:9,000 was taken along:
east-west flight lines extending from the Agua Fria
River on the east to the White Tank Mountains on the
west, and from Indian School Road on the south through
TAN on the north. The area covered by the 1:9,000
scale photography is about 200 square miles. This
photography was taken in order to study regional
patterns of lineaments identified in the 1:3,000 pho-
tography.

Prints of all of the low-sun-angle photography were
sent to Dr. Slemmons in Reno  for independent inter-
pretation. Parallel interpretation was made by the
SHB staff. The analysis was accomplished using mag-
nified stereo viewing. Suspected lineations .on the
photography were rated as being either probable earth
fissures, probable drainage, or probable vegetation
lineaments.

A field survey of all' suspected earth fissures found
on the low-sun-angle photography within 1,000 feet of
the dam was conducted. Most of the probable drainage
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4.

2.2

and vegetation lineaments were also checked for indi-
cations of earth fissuring. In all, over 200 suspected
features were field checked. After elimination of
lineaments caused by cultural activity, erosion or
vegetation, eight sites remained that were suspicious
enough to warrant subsurface investigation.

Trenching of Suspected Earth Fissures

The eight sites suspected of earth fissures were all

‘ trenched to a depth of 12 feet or refusal using a
Case 580-C backhoe. All trenches were logged by an

SHB geologist who was present during the entire
trenching operation. Logs of the trenches are pre-

sented in Appendix A and the location of nches
are shown on Plates 1 and 3 1located -Qn Agggggf’ Kf

Expanded notes and photography were wused when the
trenching - uncovered features which may have been
caused by earth fissuring. A selected number of
these photographs are presented in Appendix A.

Only two of the trenches showed'any features related
to earth fissuring. Both of the trenches were located
along the same set of fissures, which is located near
the southern end of the dam. Due to the presence of

a considerable amount of cemented gravel and cobbles

at the location of these two trenches, the Case back-
hoe was' only able to penetrate the subsurface to a
depth of 5 feet. A 1large truck-mounted backhoe was
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subsequently used to perform a deeper investigation
of the fissures. This equipment advanced three
additional trenches to a maximum depth of 21 feet.

4.3 Inspection of Embankment

During vJanuary 1982, a detailed ground reconnaissance

of McMicken Dam was undertaken. This survey covered
the entire length of the dam, including the outlet chan-.
nel embankment south of U.S. Highway 60. The crest of

the dam and the upstream and downstreanm 'Slopes were

investigated and notations were made of all cracks,

holes5'surficial erosion features,'ahd other conditions

~which may have an effect on the integrity of the dam.

Pictures. of some representative features were taken. A
‘'selected number of these photos'are presented in Appen-

dix B. A detailed log was -developed which describes

all cracks, holes, depressions and vegetation lineations

found during the reconnaissance. This log is presented

in Appendix B.

4.4 Subsurface Exploration of Dam

4.4,1 Hollow Stem Auger Drilling

Test drilling was performed on the crest of the dam
~near both the upstream and downstream toes and on the
-01d crest which is located between ‘Station 355+00 and
475+00. Seventy-five boreholes were advanced to

|
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depths ranging from 8 to 60 feet and were normally
drilled on 1,000 to 2,000 foot centers. Standard
penetration testing was performed, and diSturbed'or‘
 undisturbed tube samples were obtained at 5 foot in-

tervals or less within all borings.

Field borehole logging and drilling supervision was
performed by Michael R. Hulpke, staff geologist, of
this firm. All soils were classified by the Unified
Soil Classification System (ASTM D2487) which is sum-
marized in Appendix B. |

A short description of drilling methods employed and
‘boring 1ogsf3£? presented in Appendix B. A site plan
(Figure B- depicting the location of all boreholes
is presented in Appendix B. Boring locations are also
presented on the plan and profile sheets in Appendix

D
(>

4.4.2 Trenching'& Flooding Along Crest

During early February 1982, an investigation ‘was
undertaken in which 21 shallow trenches were dug at
various locations on the crest of the dam in order to
expose suspected cracks. The investigation consisted

of utilizing a Ditch Witch J-19 toa trench —
approximately 8 inches wide .and 18 inches deep and
either 50 or 100 feet long. Water was pumped into

the trench until it overflowed or until it was obvious

that we would not be able to fill the trench due to

the high rate of leakage through cracks.
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In eight of theltrenches, no cracks were found, and 3
in the remainder, there were from 1 to 19 craéks.v
The locations of these trenches and the crack 1loca-
tions are shown on the plan and profile sheets, and
logs of the trenches are presented in Appendix B.
A1l of the trenches were backfilled after completing
the investigation, |

4.4.3‘Backhoe Test Pits

‘A total of 36 backhoe test pité were advanced to
depfhs ranging from 4 to 21 feet. . Fourteen of the
test pits were dug in areas of suspected earth fis-
suring and are discussed in Sections 4.2.2 and 5.4.
The remaining 22 test pits were dug in the crest and
near the upstream and downstream toes of the dam in
areas suspected of containing collapsing soils.

The logs of the test pits dug in areas of suspected
fissuring are presented in Appendix A. The logs of
the test pits dug in areas of suspected collapsing
soils as well as the McMicken Dam and old dike embank-
ments are presented in Appendix B.

Locations of pits dug near the toes of the dam are
shown on the plan and profile sheets in Appendix D

and on Figure(ﬁgimiécated in Appendix B. Locations

of the pits dug -in thé‘%ﬁrth’f&ésdfe'investigatiqn'
are shown OQ:Plates 1 through 4 located in Appendix A ?
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The  test pits in and near the embankments were ad-
vanced using a Case 580-C backhoe. The pits were dug
to a maximum depth of 10 feet. Block samples of un-
disturbed soils were removed from these pits to be
used in consolidation testing of the foundation soils.

4.5 Labofatory Analysis

The‘laboratory testing to date includes the following
types and numbers of tests:

Grain-Size Analysis § Atterberg Limits 91

Moisture Content 178
Density o - 26

Moisture Density Relations

Direct Shear

Consolidation 17
Permeability | 4
Unconsolidated-Undrained Triaxial Shear 1
Specific Gravity ' 4
Pinhole & Related Dispersion Tests 4

The results of the tests are shown in Appendix C.

5. DESCRIPTION OF SURFACE FEATURES,
GEOLOGY § GEOTECHNICAL PROFILE

5.1 Topography & Surface Conditions

South of U.S. Highway 60, the McMicken flood control
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facility passes through two distinct geomorphic environ-
ments. The northern half of dam and its outlet channel
cross the gently sloping, slightly dissected drainage
- system of Trilby Wash, ‘its tributaries and secondary
“subparallel arfoyos. This drainage system receives
runoff from an extensive watershed north of the White
Tank Mountains. These drainages trend southeasterly at
a gradient of about 35 feet per mile. In contrast, the
southern half of the dam alignment is located on the
alluvial pediment of the White Tank Mountains. This
pediment surface contains numerous moderately dissected
arroyos which pass‘runoff eastward from the bedrock of
‘the eastern slope of ‘the White 'Tanks to the valley
floor. Natural surface gradients near the mountain
front range from about 65'to 90 feet per mile.

Due to agricultural, residential and industrial develop-
ment, and borrowing of earthen materials for McMicken
Dam,: considerable disturbance of the natural surface is.
présent. To the east, plowed fields are present within
L to 1% miles of the embankment. -Beardsley Canal par-
allels the downstream toe of the embankment, is within
about 200 feet of the dam along the northern one-third
of the structure, and crosses the outlet channel. Con-
struction of the canal has altered the natural drainage
and surface considerably. Immediately downstream from
the dam between Stations 190+00 and 280+00, the ground
has been disked to control erosion. A strip of ground
ihmediately upstream from the dam, which varies in width
from about 200 to 800 feet, has been excavated for
borrow used in the construction of the dam. |
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Within the depressions caused by borrowing, runoff water
is intermittently standing along the'upstream toe be-
tween Stations 365+00 and 450+00. Other low-1lying areas
along the northern half of the retention appear to hold
‘runoff temporarily.

The embénkment-is generally void of vegetation and con-
tains numerous erosion features on the upstream and
downstream slopes along a major portion of the align-
ment. The narrow crest is deeply grooved 1bngitudina1
to its axis as a result of vehicular traffic. As a
result of embankment cracking and burrowing animals,
numeroué potholes and depressions are present along the
crest. A detailed description of the character and
extent of embankment cracks is presented in Section
5.6.3.

Based on the plan and profile survey completed: for this
investigation, the crest elevation varies from about
1362 to 1357 feet. Crest elevations in excess of 1360
feet occur along the southernmost segment of the align-
ment from Stations- 40+00 .to 87+00. The remainder of
the crest is generally at an elevation of 1358 to 1360
feet. Considerable 1localized variance 1in the crest
profile is evident within the following embankment seg-
ments: ~ Stations 105+00 to 120+00, 170+00 to 182+00,
299+00 to 305+00, 340+00 to 351+00, 385+00 to 440+00,
and 492+00 to 497+00. The crest elevation of the out-
fall channel dike varies from about 1335 to 1338 feet.
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5.2 Regional Geologic Setting

The study area lies within the Southern Basin and Range
Physiographic Province (Fenneman, 1946). This province
is characterized by linear mountain ranges separated by
‘broad alluvial basins containing deep wunconsolidated
deposits. McMicken Dam is situated near the western
fringe of such an alluvial basin, commonly referred to
as the Phoenix Basin. The northern half of the £lood
control structure crosses a protrusion of the basin
which is situated between the Hieroglyphic Mountains to
the north and the White Tank Mountains to the west, ‘and
which extends to the Vulture Mountains to the northwest.
The southern half of the dam subparallels the eastern-
most exposure of bedrock on the eastern flank of the
White Tank Mountains. o

Trilby Wash and its associated drainages, which are in
part intercepted by McMicken Dam, pass runoff to the
Agua Fria River from an extensive watershed containing
the southern flank of the Wickenburg and Hieroglyphic
Mountains and the northern flank of the White Tank Moun-
. tains.

As depicted on Figure 2, the bedrock of the White Tank
Mountains is predominantly composed of Precambrian gra-
nitic rocks, gneiss and schist, and Tertiary-Cretaceous
granitic rocks which obtain a maximum elevation of about
4100 feet above MSL (Wilson and others, 1969). Of sig-
nificance is the configuration of bedrock exposure along
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its contact with the alluvium of the Phoenix Basin.
This contact is quite 1irregular and several bedrock
highs protrude through the alluvial cover. One of these
protrusions, Fenne Knoll, is within one-half mile of the

southern end of McMicken Dam.

Isolated and contiguous exposures of Cretaceous volcan-
ics and Precambrian granitics and schist are exposed at
the southern end of the Hieroglyphic Mountains. The
nearest of these exposures to McMicken Dam occurs about
3 miles northeast of the intersection of the outfall

channel and U.S. Highway 60.

As estimated by Cooley (1973) and depicted on Figure 3,
the thickness of unconsolidated alluvial deposits under
McMicken Dam exceeds 1,200 feet. Geophysical data in-
terpreted by Oppenheimer and Sumner (1980) indicate
that depth to bedrock is in excess of 1,600 feet below
the northern two-thirds of dam and decreases in thick-
ness quite abruptly to about 500 feet near the southern
end of the structure (Figure 4). One water well (no. 3
on Figure 7) located approximately 1 mile east of Sta-
tion 175+00 contacts granitic bedrock at 1,402 feet.

The protrusion of the Phoenix Basin located northwest of
McMicken Dam and between the White Tank and Hieroglyphic
Mountains appears to possess an alluvial thickness in
excess of 1,200 feet (Cooley, 1973). Southeast of Mc-
Micken and east of the White Tank Mountains, the depth
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to bedrock increases to a maximum of about 10,000 feet
near Luke Air Force Base (Oppenheimer and Sumner, 1980).

As described by Stulik and Twenter (1964), valley fill
deposits within this area of the Phoenix Basin are com-
posed of unconsolidated to semiconsolidated clay, silt,
sand and gravel with subordinate caliche and evaporites.
These deposits appear to be highly lenticular and lat-
erally discontinuous. Based upon driller's logs, Stulik
and Twenter (1964) further estimated that alluvium in
the general vicinity of McMicken Dam consists of 40 to
in excess of 60 percent fine grained material throughout
the profile penetrated by water wells. From a review
of water well driller's logs in the general vicinity of
McMicken Dam, hard clay and gravel predominate the sub-
surface profile to a depth of 1,000 feet. This alluvium
is highly variable, both vertically and laterally.

After the completion of the USGS studies discussed
above, geophysical and geohydrological investigations
by Eaton and others (1972) delineated the extent and
nature of a large salt body located in the vicinity of
Luke Air Force Base. The body is estimated to bottom
at a depth of about 6,900 feet and have a lateral extent
as depicted on Figure 2. Eaton and others (1972) fur-
ther suggest that doming of the salt body has affected
topographic relief in the vicinity of Luke Air Force
Base, and that its presence has a relationship to the

occurrence of earth fissuring in this area.
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5.3 Hydrogeologic Conditions

According to Ross (1978), water table elevations within
1 mile of McMicken Dam varied between about 800 to 950
feet above MSL in 1977 (Figure 5). This translates to
a depth to water of 450 to 500 feet. Water table ele-
vations decrease significantly southeast of the dam to
a minimum of about 650 feet above MSL (1977) immediately
south of Luke Air Force Base (Ross, 1978).

Groundwater level declines range between 200 to in ex-
cess of 300 feet in the study area between 1923 and
1977 (Figure 6) (Ross, 1978). This decline is in re-
sponse to pumpage far exceeding natural recharge rates.
In the Salt River Valley, about 73 million acre feet of
groundwater has been pumped from the alluvial aquifer
from 1915 to 1976 (Ross, 1978). Within the study area,
in excess of 100 wells are pumped to acquire water for

irrigation, public supply and domestic use.

About 25 wells are present downstream from McMicken Dam
within 2 miles of the structure. Figure 7 presents
water table variations of eleven of these wells within
the period of about 1938 through 1981. The depth to
water has generally increased during this period from
200 to 500 feet in these selected wells. Two exceptions
are well nos. 1 and 2. As shown on Figures 8 and 9,
these wells have experienced recovery between 1965 and

1982. As depicted on Figures 8 through 13, groundwater
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. 'E81-138

- decline overall appears to be progressing at a slower

rate since 1970. In a majority of the well data ana-
lyzed, the rate of decline was generally 9 feet per
year prior to 1970 and has decreased to between 3.5 to
1.5 feet per year between 1970 and the present.

Transmissivity of the alluvial aquifer of thet_study
‘basinward and away from McMicken Dam (Eaton and others,
1972).  From values in excess of 50 000(§?D/day/foot3_
transmissivity decreases substantially in the vicinity -

of E1 Mirage and Luke Air Force Base. These changes in A/f7%2
with the /D%&M

: s
transmissivity appear to correlate, in part, £ s
occurrence of the Luke earth flssures, the Luke salt

body, and collapsed wells.

5.4'Earth’Fissuring

Evidence of subsidence and earth fissuring has been
compiled in the region between Phoenix and the White
Tank Mountains as early as 1964 (Stulik and Twenter).
More'recent studies by Eaton, et al (1972) and Schumann
(1979) have added considerable information on the extent
of earth fissuring in the Salt River Valley. Within
the study area, the most significant fissures described
by these authors are those located about 4 miles east
of the southern end of McMicken Dam in Sections 25 and
26, T3N, RZW. This location is-near the Luke Salt Body
described by Eaton, et al (1972).
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Maricopa County, Arizona
SHB Job No. E81-138

The U.S. Army Corps of Engineers (1973) reported finding
evidence of surficial ground cracking during a limited
inspection of the area in the vicinity of McMicken Dam.
This cracking was only found on cultural features such
“as roads, ditches and canal linings, and they were not
nearly as large as the fissures located near the Luke
Salt Body. These cracks are very likely not related to
earth fissuring, but rather are due to moisture sensi-
tive soils collapsing below these cultural features.
The cracking found by the Army Corps of Engineers and
the earth fissuring described by the above authors are
shown on Plates 1 through 4 found in the map pocket at-

the back of AppendiXZ?Z?CL/‘

McMicken Dam Restoration Study v o
Earth fissures detected by SHB photogeologic methods

were for the most part concentrated near Luke Auxiliary |
Field No. 3 (Sections 3 and 4, T3N, RI1W, Sections 33
and 34, T4N, R1W), the western edge of Luke Air Force
Base (Sections 6, 5, 8 and 17, T2N, R1IW) and an area
several miles east of Luke Air Force Base (Sections 2,
3, 10 and 11, T2N, R1E). Other 1lineations which were .
not field checked were scattered in nearly all portions

of the study area outside the vicinity of the dam.

Several of photo lineaments were initially identified
within 1,000 feet of the McMicken Dam alignment. After
ground reconnaissance and trenching efforts, only one
set of lineaments are verified as being earth fissures.
As depicted on a photograph presented in Appendix A,
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'McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

these fiésﬁres trend north-south, are subparallel to the
McMicken Dam alignment between Stations 50+00 to 63+00,
and are surficially expressed about 600 to 1,000 feet
‘eastbof the dam's downstream toe. These fissures arée
herein named the Fenne Knoll Fissures.

The surficial expression of the Fenne Knoll Fissures is

a series of potholes that are generally less than 1 foot

long, 6 inches wide and usually 6 to 18 inches deep.

There are a few open cracks 2 to -3 feet long, 2 to 6
inches wide and 1 to 2 feet deep. Two major fissures

are present which appear to splay where they converge.

Each major fissure segment is about 750 feet long.

Five backhoe trenches were dug across the Fenne Knoll
Fissures in order to observe their subsurface expres-

sion. In two of these trenches, a fissure was visible
from the surface to the total depth of the trench. In
~both trenches, the crack was normally about 4% to % inch
wide and did not have any infilling of soil. 1In the

southern trench (no. 1), the crack widened to about 4

inches between a depth of 4 to 5 feet on one wall and
about 2 inches wide on the other wall. 1In one trench
(no. 9), the exposed fissure was visible from the sur-

face to 15 feet. The fissure was normally about 3/4

inch wide and has been filled with darker soil from
about 5 to 15 feet. Between 8 and 15 feet, there is

another crack about 2 feet east of the main crack.

This crack is very similar in appearance to the main

}

s A SERGENT, HAUSKINS & BECKWITH

B i "CONSULTING GEOTECHNICAL ENGINEERS 43
— PHOENIX + ALBUQUERQUE * SANTA FE * SALT LAKE CITY

It

f



. . "

McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138

crack. About 500 feet north of trench no. 9, another
trench (no. 10) was advanced to a total depth of 20
feet. In this trench, the exposed fissure extends from.
the surface to the total depth of the trench. The @
fissure in this trench was normally about % to 3/4 inch
wide, but at about 14 to 16 feet deep, the fissure
~divides and has left an area about 1 foot wide and 2
feet deep that is filled with loose, coarse sand. Below
16 feet, the fissure closes again to a crackb% to 1
inch wide and remains that way to the bottom of . the
trench. The final trench (no. 11) on the Fenne Knoll
Fissure system was dﬁg in a location where the surface
features indicated a lateral offset of 5 feet in the
lineation of a fissure. This trench was advanced to a
total depth of 13 feet, but fissuring was only found on
the north wall between the surface and 5 feet. The
fissure that was found was about % inch wide and was
" filled with dark soil. On the south wali of the trench,

there were numerous rodent holes which may have obscured
the fissure. |

An additional three backhoe trenches were dug in the
south one-half of Section 2, T2N, le; which is just
east of Dysart Road and north of Glendale Avenue. These
trenches were dug tranverse to several well developed
earth fissures. These {fissures were found to have a
- larger surface and subsurface expreésion than the Fenne
Knoll Fissures. The fissures were open to depths ex-
ceeding 5 feet and were as wide as 3 feet in piaces.
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McMicken Dam Restoration Study
Maricopa County, Arizona
SHB Job No. E81-138"

- These are older fissures which have been widened by
‘erosion. In some areas, the fiésures,were continuously
open for a distance of over 200 feet. The total length
of the fissure system is probably in excess of % mile.

5.5 Ground Subsidence

As presented on Figure 14, ground subsidence from 1948
to 1981 at points along the NGS level line has ranged
from about 0.7 to 4.1 feet. From 1967 to 1981, subsi-.
‘dence has been between about 0.1 to 2.5 feet for all 11-
points. As shown on Figure 14, the rate of subsidence
has increased from 0.062 to 0.099 feet/year (before
1967) to 0.077 to 0.156 feet/year (after 1967) at five
of the six points which have 1948-67-81 data. Point
U265 at U.S. Highway 60 is the only one of the six.1lo-
cations at which the rate of subsidence has decreased
after 1967 from the rate previous to 1967.

The greatest subsidence occurs along the NGS level line .

at points east of Station 65+00 (L265) and Station

275+00 (Q265). Subsidence (1948 to 1981) appears to be
“about 3 feet between these stations and rapidly de-
- creases to below 3 feet at points near and north of
- Station 350+00.

Based upon 1982 crest elevations of McMicken Dam, the
southernmost portion of the alignment has experienced
little, if any, settlement. Northward to Station
300+00, crest elevations lower to about 4 feet below
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R265-Union Hills
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Peoria

"Rate of Subsidence
NGS Mark 1948-1967 1967-1981

.. U265 .026 ft/yr.} 0.015 ft/yr.
“R265 .062 ft/yr.} 0.088 ft/yr.
Q265 .099 ft/yr.{ 0.156 ft/yr.
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