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1. INTRODUCTION 

In accordance with the notice to proceed dated February 9, 2005, Ninyo & Moore collected and 

reviewed data relating to the principal spillway (PS) at McMicken Dam located near the City of 

Surprise, in Maricopa County, Arizona. This report presents a compilation and summary of sali- 

ent information. 

1.1. Methodology and Documents Summarized 

Ninyo & Moore conducted a search for available documents and information related to the 

PS. The majority of the information was obtained from three sources at the Flood Control 

District of Maricopa County (the District): Mr. Michael Greenslade (the District's project 

manager), the General Library, and the Structures Management Library. Some information 

was obtained from the Arizona Department of Water Resources (ADWR) file on McMicken 

Dam. Further, we examined reference lists provided in existing reports to find additional 

documents to include in our review. From these efforts, we developed a bibliography of 

documents related to McMicken Dam. 

Using the bibliography compiled, a cursory review of each document was performed to 

evaluate its relevance to the PS. A document was considered relevant if it contained informa- 

tion about one of the following: 

Regional geology, geologic hazards, or hydrology; 

Geotechnical data within approximately 500 feet of the PS; or 

Structural information for the PS. 

Next, the pertinent documents were carefully reviewed and summarized. The documents 

used to develop this report are listed in Table 1. Appendix A contains the summaries and se- 

lected excerpts fi-om reviewed reports. 

60099600 IR-Data Summary 



Data Summary Report 
McMicken Dam Principal Spillway 

May 27,2005 
Project No. 600996001 

Table 1 - Documents Summarized 

600996001R-Data Summary 

Title 

Hydrology and Hydraulic Design for the Trilby Wash 
Detention Basin and Outlet Channel 
Design Analysis for Trilby Wash Detention Basin and 
Outlet Channel 
Trilby Wash Detention Basin Dam and Appurtenances 
(Original as-builts) 
Trilby Wash Detention Basin - "Embankment Crack- 
ing Report" 
Trilby Wash Detention Basin (Memo regarding plan to 
breach dam to prevent failure) 
Geotechnical Investigation Report - McMicken Dam 
Restoration Study 
Design Report - McMicken Dam Restoration Study 
Surface Water Hydrology Report - McMicken Dam 
Restoration Study 
McMicken Dam Restoration 
(Restoration as-builts) 
A Hydrologic Analysis of the McMicken Dam Water- 
shed 
Seismic Exposure Evaluation 
Preliminary Failures Modes Identification Report 
Geotechnical Investigation 
McMicken Dam Design Review 
Earth Fissure Investigation 
Geological Input to Structures Assessment Reports 
(Revision 3) 
McMicken Dam Individual Structure Assessment 
Final Report of Alternative Analysis 
Principal Spillway at McMicken Dam Geotechnical 
Investigation(Supp1ement) 
Land Subsidence and Earth Fissure Investigation 
Principal Spillway at McMicken Dam Geotechnical 
Investigation 
Wittrnan ADMSU 
Wittman ADMSU - Hydrology 
Crest Elevation Survey Data 
1. U.S. Army Corps of Engineers 4. 
2. Sergent, Hauskins & Beckwith 5.  
3. Geological Consultants Inc. 
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2. MCMICKEN DAM PRINCIPAL SPILLWAY FACT SUMMARY 

This section contains an overview summary of important information related to the PS. The gen- 

eral dam information is summarized in Table 2. 

Table 2 - General Dam Information 

600996001R-Data Summary 

Embankment 

Type 

Length (feet) 
Average Height (feet) 
Crest Elevation (feet) 
Crest Width (feet) 
Upstream Slope 
Downstream Slope 
Height at Principal Spillway (feet) 

Homogeneous Earth with Center Filter 
 rain' 
50,100 
20.5 
1,361.0 
12 
2.5:l (H:V) 
2:l (H:V) 
26.7 

Principal Spillway 

Type 
Location 
Height of orifice (feet) 
Width (feet) 
Length including stilling basin (feet) 
Invert elevation at intake 
Capacity (cfs) 

Ungated reinforced concrete box culvert 
Station 476+80 
11 
20 
188.33 
1,333.6' 
4,450 

Outlet Channel 

Type 

Length (feet) 
Depth (feet) 
Maximum Discharge (cfs) 
Constructed by 
Construction date 
ADWR Size Classification 
ADWR Hazard Potential Classification 

Lined for the initial 300 feet, then 
Unlined Trapezoidal 
30,000 
11 to 15 
4,450 
U.S. Army Corps of Engineers 
1956 
Intermediate 
High 

1. Center filter drain does not tie into the principal spillway - it extends to within approximately 28 feet from the 
south side and to within 23 feet of the north side. 
2. Also reported as 1333.5 in the same report. 

- -- - p- - - 
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Hydrologic information is summarized in Table 3: 

Table 3 - Hydrologic Information 

Other relevant information includes: 

100-year 24-hour Rainfall Depth (inches) 
Design Storm 
1987 Revised SPF Rainfall Depth (inches) 
1987 Revised SPF Peak Inflow (cfs) 
Emergency Spillway Design Crest Elevation 
(fi) 
Reservoir Storage Capacity (acre-feet) 
Primary Outlet Design Capacity (cfs) 
ADWR IDF 
PMP Depth (inches) 
PMF Peak Inflow (cfs) 

An original dam across Trilby Wash was constructed by Maricopa County Municipal Water 
Conservation District No. 1 in 1952. The structure extended between approximately Stations 
357+00 and 480+00. It had a maximum height of 20 feet, and was approximately 21,000 
feet long. It had a crest elevation of approximately 1,352.5 feet. 

4.6 
Standard Project Flood 

8.6 
42,000 
13 54.0 

19,300 
4,450 
PMF 
15.7 

114,850 

McMicken Dam was designed to incorporate the embankment of the original dam across 
Trilby Wash. 

The embankment soils (structural fill) generally consist of sandy clay, sandy silt, silty sand, 
or clayey sand with trace to some amounts of gravel. 

The embankment is underlain by a shallow, weakly cemented, relatively loose stratum of 
Holocene alluvium soil overlying moderately cemented, middle to late Pleistocene soils. At 
some locations, coarser sand and gravel deposits extend from near ground surface to 10 or 
more feet below the natural ground surface elevation. 

The surface geology of the dam area is dominated by three alluvial fan units that range in 
age from Holocene to middle to late Pleistocene. The three alluvial units, as described by 
Field and Pearthree, are: Middle Pleistocene Alluvium (MI), Middle or late Pleistocene Al- 
luvium (M12), or Late to early Holocene Alluvium (Y) 

Foundation soils in the vicinity of the PS are considered collapsible, with some tests show- 
ing as much as 10 percent collapse. 
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Cracking of the embankment has been reported along the entire length of the dam, with ex- 
tensive cracking reported near the PS. 

Due to the presence of observed cracking, McMicken Dam was intentionally breached in 
1977 at two locations: from Station 3 16+50 to 325+50 and Station 480+25 to 482+25. 

Restoration of McMicken Dam began in 1983 and was completed in 1984. Restoration of 
the dam included the construction of a centerline filterldrain system, raising the embank- 
ment, and repairing the breaches. 

The centerline filter system does not tie into the PS. It extends to within about 28 feet south 
of the PS and 23 feet north of the PS. 

The PS is comprised of different sections. Generally, the sections consist of an entrance 
channel, a bridgelwier section, a chute section, and a stilling basin section. The PS dis- 
charges into an engineered outlet channel. 

The stilling basin section, canal siphon and outlet channel were designed so that minor flows 
would fill the stilling basin area to a depth of five feet before flows discharge through outlet 
channel. 

The design of the stilling basin includes two independent drainage systems. One system ex- 
tends below the floor of the stilling basin and is apparently intended to relieve uplift 
pressures. The other system extends laterally behind the stilling basin walls to relieve hydro- 
static pressures that could develop against those walls. 

Both systems are comprised of a combination of perforated and non-perforated 8-inch di- 
ameter vitrified clay pipes placed in pervious backfill. Structural backfill was placed against 
the PS walls in the entrance, bridgelwier, and chute sections. 

High water marks on the walls of the stilling basin indicate that the drains from the two sys- 
tems have periodically been submerged. 

Video inspection of the drain pipes showed the pipes to be clogged, displaced and, in some 
cases installed with perforations down (as-builts show perforations were designed to be up). 

McMicken Dam runs parallel to the Beardsley Canal. The canal is siphoned under the PS. 

Cracks have been reported in the right training wall of the principal outlet at the location of 
Beardsley Canal siphon. The siphon reportedly has leaked at one of the crack locations. 

Regional land subsidence is well documented in the vicinity of McMicken Dam. 

The invert elevation at the entrance of the PS was designed at 1,335 feet but is currently 
1,333.6 feet. 
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The greatest historical subsidence in Arizona is documented in the Sun City West area along 
the McMicken Dam-Beardsley Canal corridor between Fenne knoll and US 60 (south of the 
spillway approximately 7.5 miles). 

Possible earth fissures have been documented within approximately 1,000 feet of the PS. 
Land Subsidence and earth fissuring in the vicinity of the dam is considered to be ongoing. 

The closest fault is the Horseshoe fault located approximately 71 kilometers from the dam. 
The largest earthquake reported on this fault had a magnitude of 7.0. 

An MCI fiber optic line crosses over the top of the PS. 



SOURCE: US Geological Survey 500K topographic map, Phoenix, Arizona, rev. 1981 
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APPENDIX A1 - SUMMARY OF INFORMATION RELEVANT TO SITE 

HYDROLOGY 

DOCUMENTS SUMMARIZED: 

Hydrology and Hydraulic Design for the Trilby Wash Detention Basin and Outlet Channel, 
USACE, November 1953. 

Design Analysis for Trilby Wash Detention Basin and Outlet Channel, USACE, March, 
1954 

Surface Water Hydrology Report - McMicken Dam Restoration Study, SH&B, 1983 

A Hydrologic Analysis of the McMicken Dam Watershed, FCD 1 Rumann & Sutko, March, 
1987 

McMicken Dam Individual Structure Assessment, URS, June, 2003 

Wittman ADMSU, Entellus, 2003 

Wittman ADMSU - Hydrology, Entellus, July 2003 

SUMMARIZED BY: Kimley-Horn and Associates, Inc. 

SUMMARY: 

The original hydrologic and hydraulic design for McMicken Dam was completed by the US 

Army Corps of Engineers (USACE) in 1953 and 1954 (USACE, 1953, 1954). Seargent, 

Hauskins, and Beckwith completed surface water hydrology update for the McMicken Dam wa- 

tershed in 1983 (SHB, 1983). The District (Rumman & Sutko) completed a hydrologic analysis 

of the McMicken Dam Watershed in 1987 (FCD, 1987). URS completed a review of these previ- 

ous analyses as part of the Individual Structures Assessment for McMicken Dam in 2003 (URS, 

2003). In 2003 and 2004, Entellus completed a hydrologic analysis for the McMicken Dam Hy- 

drology and for the entire Wittman area, respectively, in the Wittman Area Drainage Master 

Study Update-McMicken Dam Hydrology Report (Entellus, 2003) and the Wittman Area Drain- 

age Master Study Update-Hydrology (Entellus, 2004). A two-dimensional hydraulic model of the 
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reservoir, emergency spillway, and primary outlet is being completed by Stantec for the District 

(Stantec, 2005). All of these studies, with the exception of the Stantec study, were reviewed and 

summarized for this report. 

The principal spillway for the McMicken Dam is an ungated, reinforced concrete box chan- 

nel/culvert that has a span of 20 feet and a rise of 11 feet. The centerline of the outlet is at Station 

476+80 of the dam. The outlet extends fi-om the upstream toe of the dam to the downstream toe. 

The principal spillway discharges into a concrete transition chute and energy dissipation basin 

with baffle blocks. The energy dissipating basin is 30 feet wide and 65 feet long. There are two 

rows of baffle blocks that are three feet wide, three feet tall, and spaced six feet on center. The 

end sill on the stilling basin is 1.5 feet tall. The total length of the primary outlet, transition chute 

and basin is 188.33 feet. 

The design invert elevation of the principal spillway is at 1335.0 and has a slope of 0.0136 Wft. 

The region has experienced subsidence in the past and the primary spillway invert elevation has 

subsided to elevation 1333.6. The design capacity of the primary outlet is 4,450 cfs when the res- 

ervoir WSEL is 1354.0, which is the design emergency spillway crest elevation. (USACE, 1953). 

The emergency spillway elevation has also been subject to subsidence and is at elevation 1353.0. 

It does not appear that subsidence has adversely impacted the hydraulic capacity of the principal 

or emergency spillway. 

The principal spillway rating curve developed by the USACE was based upon a physical hydrau- 

lic model completed during the design of the structure. Part of the reservoir, the outlet works, 

stilling basin, and 300 feet of the return channel were modeled physically (USACE 1954). It 

does not appear the rating curve for the principal spillway has been altered by any subsequent 

studies of McMicken Dam or watershed. 

The downstream return or outlet channel is a trapezoidal channel with varying side slopes that 

has a bottom width of 60 feet that ultimately transitions to 100 feet and is nearly six miles long. 

The outlet channel discharges into the McMicken Dam Outfall Channel, which is a tributary to 

the Agua Fria River. The capacity of the outlet channel varies fi-om 4,450 cfs at the primary out- 

let to 14,000 at the outlet to the Outfall Channel. 
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The reservoir has an original design capacity of 19,300 acre-feet at the emergency spillway crest 

elevation, and was designed to detain the Standard Project Flood (SPF). Drawdown time was es- 

timated to be between 3 to 4.5 days. The emergency spillway is 2,000 feet wide and has a design 

capacity of 95,000 cfs, but has since been estimated at 120,000 cfs. Studies completed by the 

District in 1987 revised many of the original hydrologic design parameters. Table 3 (in the re- 

port) shows the hydrologic and hydraulic parameters that were used in the Individual Structures 

Assessment Report (URS, 2003). 
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Data Summary Report 
McMicken Dam Principal Spillway 

Appendix A2 
Project No. 600996001 

DOCUMENT TITLE: Design Memorandum No. 2, Design Analysis for Trilby Wash Deten- 
tion Basin and Outlet Channel 

DATE: March 1,1954 

PREPARED BY: USACE Sacramento District, (CESPK) 

PURPOSE: 

Present design analysis for dam, outlet works, and outlet channel. 

SUMMARY: 

Memo documents revisions to original hydraulic design memo (No. 1) 

Changes from original design include: 

o Stilling basin and Beardsley Channel Siphon geometry design changes 

o Embankment design length increased by -700 feet at right abutment 

o Outlet channel widened from 20 to 30 feet 

o All 48-inch and four 24-inch drain pipes eliminated 

o Foundation inspection trench eliminated 

o Sand and gravel blanket on upstream face eliminated 

o Spillway approach channel lowered by two feet 

New dam to be incorporated into old dam (1952) 

New outlet works will provide uncontrolled releases up to 4,450 second-feet 

An open channel design of the Beardsley Channel 

Outlet works design incorporated saturated soil condition at concrete outlet structure 

Case loading for various outlet works structures discussed 

Emergency Spillway designed to be: 

600996001R-Data Summary 
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o 2,000 feet long located at north end of dam 

o Grouted rock broad-crested weir with grouted rock abutments 

o Left and right abutments to be protected by one foot thick grouted rock paving on six 
inch sandlgravel filter 

o Emergency spillway training dike slopes designed with 2.5:l channel side and 2:l land- 
ward side 

o Several loading conditions analyzed 

Drainage pipe design discussed 

Bridge design discussed 

Hydraulic design of structures discussed 

Borrow site for embankment fill is from the proposed "minor flood channel," located on the 
upstream facelreservoir side of dam. 

Generally, the borrow soils are fine-grained including: sandy clay, sandy silt, and clayey and 
silty sand 

Numerous small washes cross the axis of the dam, and are filled with sand and gravelly soils 

June & July 1952,34 borings were advanced,l6- to 24-inch diameter and 4 to 35 feet deep 

October 1953, twenty-four 30-inch diameter borings drilled at various locations along the 
proposed embankment alignment, outlet works, and canal siphon from 10 to 40 feet deep 

Six test pits were excavated along dam axis, from 5 to 10 feet deep 

Laboratory analysis included: density, compaction, direct shear (remolded borrow, com- 
pacted to 95% std AASHTO), triaxial shear (on foundation sample, and one existing 
embankment sample), permeability (remolded borrow, compacted to 95% of standard 
AASHTO), consolidation (one foundation, and one existing embankment) 

FINDINGSJRESULTS: 

Stability analysis conditions: 

o Embankment will never see full saturation as design time for full storage is only five 
days 
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o Drawdown conditions exist while reservoir empties at rate of 4 ftlday 

o Seismic forces not considered 

o FS = 1.25 for gravity forces only 

o FS = 1.25 for water at el. 1354 

o FS = 1 .OO for sudden drawdown from el. 1354 

o Infinite arc and circular arc failure surfaces analyzed 

Settlement analysis revealed that consolidation will occur mostly during construction 

Relatively low permeability of embankment soils results in only partial saturation of em- 
bankment; saturation line would extend only 112 of base width of embankment (4Wday 
permeability) 

Sand and gravel filter will be placed beneath riprap at outlet works and spillway; to be bor- 
rowed from Agua Fria riverbed near Luke Air Force Base 

CONCLUSIONS AND RECOMMENDATIONS: 

Generally, neither conclusions nor recommendations were provided. One exception is a 
statement that the principal spillway will be "very satisfactory" as designed 

60099600 1R-Data Summary 
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DOCUMENT TITLE: Trilby Wash Detention Basin Dam and Appurtenances (As Constructed) 

DATE: July 26,1956 

PREPARED BY: USACE (Los Angeles District) 

PURPOSE: 

Present construction plan and record of actual construction. 

SUMMARY: 

Principal Spillway is an ungated, reinforced concrete box and U-channel with an entry sec- 
tion, a bridgelwier section, a chute section and a stilling basing section 

Principal Spillway has a 4-foot cut-off wall outside the channel at the weir location 

"Outlet works" are at dam Station 476+80.02 

Soil types reported on the boring logs for boreholes advanced near the Principal Spillway 
are generally clayey or silty sands with some cementation noted 

Smallest opening in Spillway is 20 feet by 11 feet 

The length from the west end to the east end is 1 8 8.33 feet. 

Steel reinforcement in channel walls is 12 inches on center and ranges from #5 bars to #11 
bars 

Beardsley Canal is siphoned under east end of stilling basin through a box culvert 

600996001R-Data Summary 
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DOCUMENT TITLE: Trilby Wash Detention Basin, Lower Aqua Fria River, Maricopa 
County, AZ 

DATE: January, 1973 

PREPARED BY: USACE, Los Angeles District (CESPL) 

PURPOSE: 

Presents information pertinent to the embankment cracking and to recommend remedial treat- 

ments. Report incorporates existing and new field and lab data. 

SUMMARY: 

Reviewed the existing data from previous field explorations along embankment alignment 
which includes: 38 borings in 1952; 24 borings in 1953; 10 in-situ densities; test pits; test 
excavations. 

Additional exploration for this report included: 

o September 197 1 : detailed survey of all surface erosion, holes and cracks (USACE). 

o March 1972: five test excavations from Station 283+28 to 467+60 at locations where 
holes were observed during 1971 survey. Significant cracks were found in all but one 
excavation. Excavations extended up to 14.5 feet deep. Disturbed samples taken for 
laboratory analyses. 

o June 1972: 40 shallow backhoe test trenches excavated to determine if cracking in 
embankment was ubiquitous. Trenches were on the order of 2 feet wide by 20 feet long 
by 3 feet deep. 

o July 1972: 12 bucket auger test holes drilled between Station 435+00 and 460+00 (TH- 
1 through -1 2). Four lines of three holes were drilled to determine soil profile at area of 
most intense cracking. All samples were obtained by SPT. Holes drilled up to 75 feet 
deep. Disturbed samples taken for moisture content, dry density, Atterberg Limits, and 
gradation. 

o August 1972: Five 'undisturbed' samples taken adjacent to TH-5, TH-7, TH-10, and 
TH-12. Laboratory analyses on undisturbed samples included shrinkage limit and con- 
solidation (collapse). 

600996001R-Data Summary 
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Explorations revealed considerable variability in foundation materials and lack of continuity 
of soil strata. 

Larger degree of cementation (caliche) found in sandy soils. 

a Numerous small washes crossed embankment with sandy and gravelly soils. These zones 
were designated for removal during initial construction. 

Generally, fine-grained soils comprised upper portion of foundation from approximately 2.5 
to 16.5 feet thick. Coarser grained materials underlie the fine-grained units. 

a Moisture content of foundation soils found under embankment was 2% lower than those 
outside of embankment. 

Average dry density of foundation soils was 89.6 pounds per square foot; average compac- 
tion was 73%. 

1953 tests indicated potential for collapse during inundation of foundation and embankment 
soils. Old data showed 25 to 30 percent reduction in void ratio when loaded under saturation 
(foundation and embankment). New data showed similar results with 12 to 34 percent reduc- 
tion in void ratio of downstream samples. The two upstream samples showed no potential 
for collapse. 

a Upstream materials have experienced saturation and collapse, downstream materials have 
not. Degree of saturation of material beneath embankment assumed minimal. 

No QAJQC testing performed on foundation during construction. 

Predominance of transverse cracking found at Station 445+00 to 475+00 and Station 265+00 
to 295+00. Cracking found in other areas but not to the same degree. 

a During construction of embankment, 55 percent of compaction tests on embankment mate- 
rial found moisture content to be below optimum. Eighteen percent of tests were found to 
have been compacted to less than 93 percent of max value. Estimated that 18 percent of em- 
bankment materials placed at densities or moisture content low enough to cause collapse. 

Cracking due to shrinkage was found to be improbable. 

a Upper 15 feet of embankment had blow counts of 27 to 60+ with lower embankment materi- 
als between 12 to 35 blow-per foot. 
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Effective vertical stresses estimated to have increased approximately six tons per square foot 
at a depth of 500 feet due to decline of groundwater (apparently at south end of alignment). 
Cannot explain why subsidence at north end is significantly less. 

It appears that the embankment cracking could be attributed to regional subsidence. 

CONCLUSIONS AND RECOMMENDATIONS: 

Results indicate high frequency of transverse cracking between Station 445+00 to 445+00 
and Station 265+00 to 295+00. 

Continuing groundwater decline and resulting subsidence has and will continue to affect 
embankment. 

Embankment materials are brittle and highly susceptible to cracking. 

Foundation and embankment materials have not yet been saturated. 

Some foundation materials will collapse when saturated; up to one foot at locations. 

Collapse of foundation cannot be economically prevented. 

Treatment to increase embankment integrity at areas of cracking ( Station 445+00 to 475+00 
and Station 265+00 to 295+00) is required. Recommendations include: 

o Remove and replace outer six feet of upstream slope material. 

o Overlay with six feet of compacted fill. 

o Install buried membrane. 

o Pave with AC. 

o Raise crest to elevation 1361 feet MSL to re-establish design freeboard. 

o Establish settlement monuments at 500-foot intervals along crest, 1,000-foot at toes, and 
monitor yearly. 

Treatment to increase embankment integrity outside areas of cracking may be required in 
future. 

Monitor embankment and foundation. 
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Data Summary Report 
McMicken Dam Principal Spillway 

Appendix A5 
Project No. 600996001 

DOCUMENT TITLE: Geotechnical Investigation Report, McMicken Dam Restoration Study 

DATE: July 27,1982 

PREPARED BY: Sergent, Hauskins & Beckwith (SHB) 

PURPOSE: 

Investigate the cause(s) of cracking of the dam and evaluate the possible effects that subsi- 
dence and earth fissuring may have on the dam. 

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

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

Develop alternatives for repair to the dam and channel embankments and recommend ap- 
proach. 

Provide cost estimates for repair alternatives 

@ Prepare schedule of maintenance and inspections. 

SUMMARY: 

Documents reviewed for this report include: 

o USACE, 1973 

o The District, 1977 

o Reports of embankment cracking of other dams 

o Geologic literature on subsidence, fissuring, etc. 

o Available aerial photography 

Low sun angle photography analyses were performed 

Trenching of possible fissure locations 

Subsurface exploration program included hollow-stem auger borings, test pits, shallow 
trenching, and flooding of crest 
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Lab analyses of samples 

Engineering analyses to evaluate cause(s) of cracks ., 

Reviewlanalysis of original soils investigation and report (1 955) 

Older embankment across Trilby Wash constructed in 1953 

Dam was used as impoundment from 1958 to early 1970s by blocking off outlet works with 
wood poles. Water levels reached five to six feet above flow line. 

Dam breached in July, 1977 to prevent flooding Sun City and Luke Air Force Base 

Eight trenches were excavated to 12 feet (or refusal) at suspected earth fissure sites, two 
trenches revealed fissures, three trenches extended to 21 feet. 

In January 1982, detailed reconnaissance of darn performed. 

Advanced 75 hollow-stem auger borings from 355+00 to 475+00 (1000 feet centers along 
crest, downstream, and upstream toes) from 8 to 60 feet deep. 

In February 1982, 21 shallow trenches were excavated along the crest to expose cracks. 
Trenches were 8-inches wide, 18-inches deep, and 50 to 100 feet long. Water was pumped 
into the trench until full or until obvious that cracks would preclude filling. 

Also, 36 backhoe test pits were excavated and ranged fkom 4 to 21 feet deep; 14 in sus- 
pected earth fissure locations; 22 in areas of suspected collapsing soils. 

The laboratory analyses included: gradation, Atterberg limits, in-situ moisture content, direct 
shear, consolidation, permeability, UU triaxial shear, specific gravity, pinhole dispersion, 
compaction. 

Earth fissures detected by low sun angle photography were focused near Luke Air Force 
Base No. 3, western edge of Luke Air Force Base, and several miles east of the base. 

Five trenches were excavated near the Fenne Knoll fissure area. Fissures up to four inches 
wide were found in trenches. 

Collapse potential was up to 0% in embankment soils. 

Collapse potential was up to 14% in foundation soils. 

Many large cracks were found north of Station 425+00. 

6M)996001R-Dala Summary 
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The outlet channel was found to have erosional features. Minor cracking found in the down- 
stream channel dike. 

The mechanism and cause of groundwater table elevation being lowered, the resulting sub- 
sidence, and fissures were discussed. 

Finite element model of cracking was used to evaluate the mechanism of the cracks. Linear 
plastic model was used. 

Slope stability analysis (SSTAB1) performed on four design repair alternatives, lowest FS = 

1.60. 

Seepage analysis was performed on embankment; parallel-plate flow and pipe-flow models 
used. 

CONCLUSIONS AND RECOMMENDATIONS: 

Primary cause of cracking is due to collapse or settlement of embankment and foundation 
soils. 

The dam has experienced some compressive and tensile horizontal strains due to subsidence. 
However, this will not cause cracks without first causing fissures. 

Desiccation may be minor contributing factor in cracking but alone cannot cause cracks. 

Settlement andlor shrinkage within embankment may have contributed to cracking. 

Moisture sensitive foundation soils and cracking intensity is greater at Trilby Wash (north); 
predominantly in silty and clayey sands. 

Probability of h r e  cracking due to collapsing soils is low. 

No evidence that earth fissures (from subsidence) contributed to cracking. 

Earth fissures (at south end of dam) will probably form and produce nearly vertical cracks 
from 112- to 314-inches wide through dam and foundation soils. Fissure will probably lead to 
rapid failure of dam (when filled). 

Recommended repair includes installation of a central vertical drain system tied into a toe 
drain, grouting existing cracks, and re-grading crest back to as-built height. 

Re-grade outlet channel. 

The design alternatives developed to repair embankment include and are ranked: 
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o Preferred: center drain to finger drain to downstream toe drain system. 

o #2: downstream slope rockfill berm with downstream toe cutoff to caliche foundation 
layer. 

o #3: upstream impermeable AC berm with toe cutoff to caliche foundation layer. 

o #4: upstream gabion-mastic liner with toe cutoff to caliche foundation layer. 

An inspection and maintenance schedule was drafted and included: 

o Annual survey of crest elevations and NGS monuments. 

o Quarterly visual inspections of upstream, crest and downstream faces. 

o Continuous monitoring and inspection anytime water is impounded. 

o Crest should be finished and graded to drain and restricted from vehicle travel. 

o Alert the District to any retention behind dam. 

o Test geotextiles every five years for deterioration. 

o Perform reconnaissance of Fenne Knoll fissures every six months 

o Monitor possible earth fissures within 1,000 feet of dam using low sun angle photogra- 
phy every three years. 

o Perform detailed investigation and documentation of any new fissures discovered within 
200 feet of dam. Repair (grout) if within 50 feet of downstream toe of the dam. 

6W996WlR-Data Summary 
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DOCUMENT TITLE: Design Report - McMicken Dam Restoration Study 

DATE OF REPORT: January 27,1983 

PREPARED BY: Sergent, Hauskins & Beckwith (SHB) 

PURPOSE: 

To delineate potential borrow source for raising the crest elevation, perform a subsurface investi- 

gation of the embankment, perform an investigation of the toe drain depth, and analyze the 

design concept. The study also included inspection and sampling of drain rock sources, test 

grouting program, laboratory testing of filter fabric, laboratory analysis of construction materials, 

and surveying and compiling of dam cross sections. 

SUMMARY: 

39 backhoe test pits were excavated upstream of McMicken Dam to evaluate the borrow 
source. Of the 39 test pits, two (TP-2 and TP-4) were performed within about 1,000 feet of 
the principal spillway and extended to depths of 7.5 and 9 feet, respectively. 

19 backhoe test pits were excavated along the downstream toe of the embankment to ob- 
serve the caliche development and cementation properties of the shallow alluvial soils. Of 
the 19 test pits, one (TI'-1) was excavated within about 800 feet of the principal spillway and 
extended to a depth of 10.5 feet. 

Four areas were selected to test the effectiveness of sealing embankment cracks using non- 
pressurized grout. One of the test locations (ET-4) was approximately 2,000 feet from the 
principal spillway. 

Seven trenches were excavated parallel to and along the embankment crest. Test trench ET-4 
was excavated to evaluate future center trench stability, observe grout penetration (fiom the 
above-mentioned test program), and characterize embankment cracks. 

Laboratory testing included sieves, Atterbergs, proctors, direct shears, pinhole tests, perrne- 
ability tests, and corrosivity tests. 

A new laboratory test was devised to analyze a geotextile's ability to strain across a crack in 
the dam. 
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Based on laboratory test results and visual observations of the 39 tests pits (excavated to 
evaluate borrow sources), soil within the general vicinity of the test pits was deemed suitable 
for use as embankment fill. There was a noted risk of inundation which would restrict access 
and cause ovenvetting of the borrow material. 

Two other borrow sources were identified: the embankment material removed from the dam 
breach between Stations 3 16+00 and 326+00 and a section of the downstream portion of the 
old embankment between Stations 360+00 and 480+00. 

Test pits performed along the dam toe indicated that the degree of induration of the shallow 
soils in the dam foundation appears to be mostly dependent on soil particle-size distribution. 
Erratic soil caliche development was observed from about 1-112 to 11 feet. 

The optimum grout mix for sealing embankment cracks was found to be a soillwater compo- 
sition with approximately 1.5 percent by weight of pozzalan cement. The penetration of 
grout laterally was not accomplished in several cases. 

Majority of the cracks observed were not detectable below a depth of five feet. Two 
longitudinal cracks with no surface expression were found near the principal spillway, at ET- 
4. These cracks ranged in depth from 3.5 to 8 feet. 

The walls of the seven trenches excavated in the dam crest were stable. No sloughing or 
failure of compacted dam fill was experienced. The trenches were left open for periods of 6 
to 9.5 days. Some caving was experienced in silty sand and gravel during excavation of test 
pits near the downstream toe. 

Outlets from the center drain were spaced between 200 feet apart to 1,000 feet apart (de- 
pending on the outlet capacity that was deemed needed for a section. 

CONCLUSIONS AND RECOMMENDATIONS: 

The depth of the toe intercept should be a minimum of 9 feet and a maximum of 10 feet, ex- 
cept in strongly cemented soils where there should be, "three-foot continuous penetration of 
strongly cemented soils below a depth of 4 feet." Also, the trenching operation should be 
constantly monitored with the rate of penetration recorded and used to establish trench 
depth. 

A design engineer should decide which embankment cracks need grouting based on a com- 
prehensive review of the cracking survey (yet to be completed). The selected cracks should 
be grouted on the upstream side of the center drain after completion of the drain system. The 
grout mix should be a soillwater product with a small percentage of cement as discussed in 
the findings (noted above). 
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Trench stability during construction of the center drain does not appear to be a major con- 
cern. No shoring should be required to install the filter fabric or drain aggregate. Caving 
may cause some difficulty in the excavation of the toe intercept. Water may be introduced to 
increase stability. 

Construction sequencing recommendations were provided. Example drawings of the repair 
concepts were provided. The repair recommendations included raising the embankment to 
elevation 1361 and widening the crest to 12-feet. 

Construction methods should include proper foundation preparation and benching into the 
existing embankment. 

600996001R-Data Summary 
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LOG OF TEST PIT NO. TP-4 
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GROUND WATER 
Case 580C Backhoe T y p e - - -  - 

DEPTH L o c a t i o n  

E leva t i on -  

D a t u m  

REMARKS 

slightly 
moist 

slightly 
moist 

very slightly 
moist 

VISUAL CLASSIFICATION 

SILTY CLAY, trace of sand & gravel, 
weakly lime cemented, medium plastic- 
ity, light brown --- 
SILTY CLAY, considerable sand, small 
amount of gravel, medium plasticity, 
brown 

-----. 
SILTY CLAY, small amount of sand & 
gravel ,  weakly to moderately lime 
cemented, medium plasticity, light 



McMicken Dam R e s t o r a t i o n  S tudv  
Mar i copa  County ,  A r i z o n a  
S1lB J o b  N O .  E 8 2 - 1 1 1  

Log o f  T e s t  T rench  E T - 4  December 7 ,  1 9 8 2  

Two s e c t i o n s  e x c a v a t e d ;  C e n t e r l i n e  S t a t i o n s  453+25 t o  
453+95 and 454+55 t o  454+90 

L o c a t e d  p a r a l l e l  t o  c e n t e r l i n e  a l o n g  dam c r e s t  

Equipment  Type:  American 35A Backhoe w i t h  2 6 - i n c h  b u c k e t  

T r e n c h  Leng th :  70  f e e t  and 35 f e e t  

T r e n c h  Depth :  1 9  t o  2 3  f e e t  

Condition of Excavation 

T r e n c h  s t a b i l i t y  e x c e l l e n t ;  no  s l o u g h i n g  of t r e n c h  w a l l s ;  
t o p  1 f o o t  l o o s e  due t o  p r e v i o u s  t r e n c h i n g ;  t r e n c h e s  l e f t  
open  f o r  n i n e  d a y s  w i t h  no d r a s t i c  change  i n  c o n d i t i o n s ;  
some minor  c r a c k i n g  and d r y i n g  of t r e n c h  w a l l s  n o t e d ;  
t r e n c h e s  s h o r e d  f o r  p e r s o n n e l  s a f e t y ,  n o t  r e q u i r e d  t o  h o l d  
e x c a v a t i o n s  open .  

Embankment S o i l  D e s c r i p t i o n  

S i l t y  t o  s a n d y  c l a y ;  c o n s i d e r a b l e  f i n e ,  a n g u l a r  g r a v e l ;  
o c c a s i o n a l  p o c k e t s  of  c l a y e y  s a n d  w i t h  g r a v e l ;  weakly  t o  
m o d e r a t e l y  cemen ted ;  medium p l a s t i c i t y  c l a y s ;  v e r y  f i r m  and  
m o i s t ;  l i g h t  r e d d i s h - b r o w n .  

I 
- - I SERGENT, HAUSKINS & BECKWITH 

C O N S U L T I N G  CEOTCCHNICAL  E N G I N F E R S  - - PHOENIX. ALBUOUEROUE SANTAFE SALT UKEClTY  A- 3 
t 



McMicken Dam ~ e s ' t o r a t i o n  S t l l d v  

Oc tobe r  1 9 ,  1982 

1 S t a t i o n  467+25 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth  o f  T rench :  1 0 . 5  f e e t  

d Depth  D e s c r i p t i o n  

0  - 3.0 f e e t  S i l t y ,  s andy  c l a y ,  f i r m ,  v e r y  m o i s t ,  

d t r a c e  of f i n e ,  s u b a n g u l a r  t o  a n g u l a r  
g r a v e l ,  medium t o  low p l a s t i c i t y ,  brown 

Cementa t ion  P r o p e r t i e s  

Very weakly l i m e  cemented 

3 - 4 . 5  f e e t  Clayey  s a n d ,  h a r d ,  s l i g h t l y  m o i s t ,  con-  
s i d e r a b l e  s i l t  g r a v e l ,  w e l l  g r a d e d ,  
a n g u l a r  t o  s u b a n g u l a r , .  weak ly  s t r a t i -  
f i e d ,  low t o  medium p l a s t i c i t y ,  g r a y  

Cementa t ion  P r o p e r t i e s  

Modera t e ly  t o  s t r o n g l y  l i m e  cemented,  
a l l  space  between g r a i n s  h a s  been f i l l e d  
w i t h  cement 

4 . 5  - 1 0 . 5  f e e t  S i l t y  s a n d ,  f i r m ,  s l i g h t l y  m o i s t ,  some 
c l a y e y  s a n d  i n  t h i n  l e n s e s ,  some c l e a n  
sand  i n  t h i n  l e n s e s ,  c o n s i d e r a b l e  angu-  
l a r  t o  s u b a n g u l a r  g r a v e l  i n  l e n s e s ,  w e l l  
g r a d e d ,  s t r a t i f i e d ,  n o n p l a s t i c  t o  medium 
p l a s t i c i t y ,  l i g h t  brown t o  t a n  

Cementa t ion  P r o p e r t i e s  

Weakly c l a y  cemented t h r o u g h o u t ,  some 
e x t e n s i o n  of  l ime  cemented u n i t  a b o v e ,  
i n t o  t h i s  u n i t  

I SERGENT, HAUSKlNS & BECKWITH 
I C O N I V L T I N G  GEOTECHNICAL  E N G l N F E R S  

PHOENIX . A L B U ~ U E R ~ U E  sANrA FE .SALT LAKE ctw A - 4 1  
t 
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DOCUMENT TITLE: McMicken Dam Restoration (As-Builts) 

DATE OF REPORT: December 2 1, 1984 

PREPARED BY: Sergent, Hauskins, & Beckwith 

PURPOSE: 

Present construction plan and record of actual construction to restore McMicken Dam to an ac- 

tive flood control structure. 

SUMMARY: 

The plans show the as-constructed details about modifications to McMicken Dam. Some include: 

Restore dam crest elevation to 1361.0 feet in areas where settlement/subsidence has oc- 
curred 

Center filter drain and outlets were constructed into the dam embankment 

Filter consists of drain rock wrapped in a geotextile fabric - the upstream portion was non- 
coated and permeable, and the downstream portion is coated and non-permeable 

Two breached sections (3 16+50 to 325+50 and 480+25 to 482+25) were repaired 

Approximately two vertical feet of new material was placed on the upstream side of the em- 
bankment 

A key trench used to place new fill 
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Flood Control District of Maricopa County 
Seismic Exposure Evaluation 
Dam Safety Program 
Flood Control District of Maricopa County 
AMEC Job No. 0-1 17-001 122, Task 2 
May, 2002 

TABLE 2 

Active Fault Characteristics & Maximum Magnitude 
Seismic Exposure Evaluation 

Dam Safety Program 

1 943 SandTank Southern B&R 1 Maricopa I 45-90" NWI N27"E to west 
/ 3.5"' 1 cO.02 1 100 k 1 6.2 - 6.6"' 

1 995 1 Aubrey 

Slip ~ate'l)  
(mml~r) 

~ength") 
(km) 

Arizona Mountain Coconino SteeplN 18"W 1 53 1 c0.2 1 1 0  k 7.25@) I 7.1 

Dip1 
 trike'^' 

Remarks 
Recurrence 
~nterval'~' 

( ~ r s )  
Sense of 

~ovement(~) 
Holocene and latest Pleistocene deposits not 
faulted. Scarp morphology suggests latest 
Pleistocene a e of oun est movement 8) (ca 10-20 ka) . 
Only southern segment with latest Pleistocene 
movement; Contiguous with Toroweap fault to the 
north 

County 

Maximum 
Magnitude 
(Reported) 

Source 
Zone Fault NO.(') 

-- 

Maximum 
Magnitud~~~ 

(Calculated) Fault ~arne '~ )  

951 

20 m of Quaternary displacement; last movement 
less than 15 k years ago. 1 952 1 Seligman 

Big Chino 

Arizona Mountain 1 Yavapai I to north 

948 

Arizona Mountain 

To northIN78'E 1 16 1 ~ 0 . 2  1 (not reported) 1 6.5 

946 

Latest Pleistocene age of last displacement 
interpreted by Pearthree (1 998). 

Verde 

1 945 1 Sugarbaf 

NOTES: 

Yavapai 

; t 1 I 

Horseshoe 

Arizona Mountain Maricopa 70-800 VN40°W 1 20(1°) 1 c0.02 1 100 k 1 6.71" 1 6.6 1 / to north 1 
(I) Number designation in Pearthree (1998). 
(')see Figure 3. 
(3)~rom Pearthree (1998), unless otherwise noted. 
(4)~alculated using fault lengthlmagnitude relationship presented in Wells and Coppersmith (1994) for normal displacement. 
(5)~empsey and Pearthree (1 990). 
(6)~uge and others (1 992). 
(''First data for Hell Canyon section; data that follows for Horseshoe Reservoir section. 
(*)~ombined length of two fautt segments. 
(')From Piety and Anderson (1 990). 
'lO'~rom Pearthree and others (1 995). 
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NOrmallright 
lateral@) 
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Yavapai 

600-700 swIN44OW 

Maricopa 
Yavapail 

to northeast 
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to east(7' and 

6 2 - 8 5 0 ~ ~ 1 ~ 2 6 0 ~  

0.05-0.12 

T~ east/ N 8 0 ~ ( 7 )  

70-750 ~ 1 ~ 5 4 ' ~  

8-30 

25 - 50 
20-30 k(6) 

2 ~ ' ~ '  

~ 0 . 0 2  

7.0 - 7.25'6' 

~ 0 . 2 ' ~ '  
c0.02 

(not reported) 
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I00 k'7' 
85 - 140 k 

7.0 

7.25 

Holocene and post-glacial ( 4 5  ka) displacement 
on segments of the fault. Upper Pleistocene 
terrace deposits displaced 7 to 8 m. 

7.0"' 

7.2 
Late Quaternary movement restricted to short 
segment; Investigators do not agree on age of 
last rupture; Pearthree assigns latest Pleistocene. 

6.6 
Two segments; one with late Quaternary ( 4 3 0  
ka) displacement, one with Holocenelpost-glacial 
activity. 
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DOCUMENT TITLE: Seismic Exposure Evaluation Dam Safety Program, FCDMC. 

DATE: May 2,2002 

PREPARED BY: AMEC 

PURPOSE: 

Establish seismic design parameters including peak horizontal ground accelerations for all 22 

flood control dams operated by the District. 

SUMMARY: 

Based on Krinitzsky's recommendation, both deterministic and probabilistic analyses were 
used to develop the peak ground accelerations (PGA). 

Because the District dams are founded on stiff soil or rock, the PGAs developed are for stiff 
soil or rock conditions 

Maximum Credible Earthquake criterion used because District dams are High Hazard 

All faults within 100-mile radius of any dam structure considered in probabilistic analysis. 

Background earthquake of Mw=6.5 deemed approximated 

Most 'active' faults for this study are located within the Arizona Mountain source zone 
(Aubrey, Seligman, Big Chino, Verde, Horseshoe faults); Sugarloaf and Sand Tank faults in 
Southern Basin & Range source zone. 

Attenuation relationships used in deterministic analysis included: Spudich, et a1 (1 999), 
Abrahamson & Silva (1 997), & Campbell (2000). 

Probabilistic peak ground accelerations were derived from NEHRP maps for lo%, 5%' &2% 
in 50 years 

Maximum PGA calculated for the District Structures is 0.15 g (Sugarloaf fault on Apache 
Junction FRS). 

The PGA recommended for McMicken dam is 0. log. See attached tables for full results. 

600996001R-Data Summary 
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Flood Control District of Maricopa County 
Seismic Exposure Evaluation 
Dam Safety Program 
Flood Control District of Maricopa County 
AMEC Job No. 0-1 17-001 122, Task 2 
May, 2002 

TABLE 4 

Recommended Peak Horizontal Acceleration 
Seismic Exposure Evaluation 

Dam Safety Program 

Map ID 

Note: 
Deterministically-derived values presented in red. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 

Facility Name 

Adobe Dam 
Apache Junction FRS 
Buckeye FRS No. 1 
Buckeye FRS No. 2 
Buckeye FRS No. 3 
Casandro Wash Dam 
Cave Buttes Dam 
Dreamy Draw Dam 
Guadalupe FRS 
Harquahala FRS 
McMicken Dam 
New River Dam 
Powerline FRS 
Rittenhouse FRS 
Saddleback FRS 
Signal Butte FRS 
Spook Hill FRS 
Sunnycove FRS 
Sunset FRS 
Vineyard FRS 
White Tanks FRS No. 3 
White Tanks FRS No. 4 

Source Recommended 
PGA (%g) 

Background 
Sugarloaf Fault 
Background 
Background 
Background 
Background 
Horseshoe Fault 
Background 
Background 
Background 
Background 
Background 
Sugarloaf Fault 
Background 
Background 
Sugarloaf Fault 
Sugarloaf Fault 
Background 
Background 
Sugarloaf Fault 
Background 
Background 

10 
15 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11 
10 
10 
14 
13 
10 
10 
10 
10 
10 
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DOCUMENT TITLE: Preliminary Failure Modes Identification Report 

DATE OF REPORT: May 16,2002 

PREPARED BY: URS Corporation 

PURPOSE: 

To document discussions related to the Preliminary Failure Modes Identification workshop for 

McMicken Dam conducted on April 29,2002. The objective of the workshop was to identify po- 

tential failure modes for the dam and its appurtenant facilities. 

SUMMARY: 

The workshop includes representatives of the Flood Control District of Maricopa County, 
ADWR, Geological Consultants Inc, and URS Corporation. 

The principal outlet is an ungated, reinforced concrete box culvert about 20 feet wide and 11 
feet high. It is located at Station 476+80. 

The outlet extends a total length of 188.33 feet from the upstream toe of the dam to the 
downstream toe. The length includes the entrance channel, a transition section, and a 30-foot 
wide stilling basin. 

The invert elevation at the entrance of the outlet is 1335.0 feet and slopes down to 1333.8 
feet at the entrance of the transition section. 

URS reviewed 15 inspection reports dated from June 1988 to March 2002. Key findings in- 
cluded: 

Reported erosion rills along the entire embankment and particularly large erosion gul- 
lies in need of repair at Station 488+00. 

Cracks were reported in the right training wall of the principal outlet at the location of 
the Beardsley Canal siphon. The siphon was reportedly leaking through gate into the 
spillway. 

During March 2001, the wing walls of the stilling basin appeared to be offset by ap- 
proximately 1 inch from the sidewalls of the principal spillway. During the March 2002 
inspection, the offset appeared to have increased by 0.25 inches. 

600996001R-Data Summary 
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Preliminary failure modes identified include the failure of the Principal Outlet. The follow- 
ing items require review: 

o Review available information to assess the structural adequacy of the principal outlet. 

o Assess the potential for piping around the principal outlet 

o Inspect the wing walls of the principal outlet to assess and document if the walls have 
deflected due to lateral pressures. 

o Evaluate the structural capacity of the bridge spanning the principal outlet. 

D Review available geotechnical information to assess if the principal outlet is underlain 
by collapsible soils. 

o Visually inspect and document the crack in the right training wall at the location of the 
Beardsley Canal siphon. 

3 Visually inspect the wing walls of the stilling basin for the offset fiom the sidewalls of 
the principal outlet. 

600996001R-Data Summary 
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DOCUMENT TITLE: Geotechnical Investigation Report 

DATE OF REPORT: January 8,2003 

PREPARED BY: AMEC Earth & Environmental, Inc. 

PURPOSE: 

To determine the source, extent and implication of the cracking and depressions located along the 

dam. 

SUMMARY: 

Construction of McMicken Dam incorporated parts of an existing dam on Trilby Wash lo- 
cated between Station 357+00 and the outlet works at about Station 474+50. 

Older embankment soils predominantly consist of sandy clay, with silty and clayey sand and 
gravel of low to medium plasticity. In-place dry densities along these sections vary from 92 
to 124 pcf. 

Newer embankment soils between Stations 250+00 and 500+00 are predominantly sandy 
clay, sandy silt and clayey sand of low to medium plasticity. In-place dry density along this 
section ranged from 97 to 128 pcf. 

Moisture contents of near surface embankment soils ranged from 1 to 11 percent based on 
laboratory testing, and from 3 to 11 percent based on in-place nuclear density testing. 

The embankment is typically underlain by shallow weakly cemented, less dense surface 
layer of Holocene soils overlying denser, moderately cemented mid to late Pleistocene soils. 
At some locations coarser sand and gravel deposits extend from the surface to more than 10 
feet. 

The shallow surface soils are predominantly fine-grained, consisting of sandy silt and clay, 
and silty and clayey sand with varying contents of gravel. The underlying soils are com- 
prised of sand and clayey sand. 

Surface soils are moderate to firm and have plasticity indices ranging from 2 to 20, and oc- 
casionally as high as 30. The moisture content varies from 2 to 7 percent. The underlying 
soils are very firm to hard, with medium plasticity and moisture contents ranging fiom 5 to 
10 percent. 

60099600IR-Data Summary 
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Native soils along the downstream alignment of the dam have low to moderate collapse po- 
tential upon wetting. Values ranged from 0 to 6 percent for samples with dry densities of 89 
to 11 2 pcf and in-situ moisture contents of 5 to 26 percent. Summarized in Table 7. 

The principal outlet includes a 20-foot wide outlet channel, a transition section, and a 30- 
foot wide stilling basin located at Station 474+50. The structure is 11 feet high and is 
spanned by a reinforced concrete bridge. 

The USACE prepared a detailed study of cracking at McMicken Dam in 1973. Forty back- 
hoe test pits were excavated along the embankment crest in June 1972. Transverse cracks 
greater than 118-inch wide were encountered at six locations between Stations 356+75 and 
497+20. 

19 possible cracks were noted between Stations 445+00 and 475+00 during a visual survey 
conducted by the District in 1977. This area was further explored by the District. 

McMicken Dam was breached at two locations. One of the breaches (1 10 feet wide at the 
base) was located near the outlet works at Station 479+39. 

Thirty test pits and 19 borings were excavated. An additional 34 test pits were excavated to 
sample and characterize the embankment soils. Of these excavations, one test pit (TP-S5) 
and one boring (B-16) were located within 800 feet of the principal outlet. 

- Test pit TP-S5 and boring B-16 extended to depths of two feet and 15.5 feet, respectively. 

Thirteen locations along the downstream slope where transverse cracking and surficial dis- 
turbance had been identified were investigated by trenching or hand digging. A crack near 
the crest of the dam on the upstream face was observed at Station 474+21, adjacent to the 
principal outlet. 

Features at Stations 449+27 and 493+18 were further explored with test pits. 

The most extensive cracking was reported at Station 474+21. The crack was probed to a 
depth of about four feet and extended about 19 feet down the face of the dam. This feature is 
about 19 feet from the south wall of the outlet works. 

The inward deflection of the wall was measured to evaluate if the cracking could be related 
to the deflection of the retaining walls forming the outlet works. These retaining walls in- 
clude a central section which is 32 feet long and is supported laterally by a bridge. 

The deflections of the retaining walls were measured at the upstream and downstream sides 
of the expansion joint between the two wall sections. 

6W996M) 1R-Data Summary 
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The design of the stilling basin includes two independent drainage systems intended to re- 
lieve uplift pressures which could develop beneath the invert slab of the basin, and relieve 
hydrostatic pressures that could develop against the walls of the basin. 

Both drainage systems are comprised of a combination of perforated and non-perforated 8- 
inch diameter vitrified clay pipe placed in pervious backfill. It is noted that structural back- 
fill and not pervious backfill was placed against the walls located upstream of the stilling 
basin. 

The high water marks on the walls of the stilling basin reveal that the drains from both sys- 
tems have periodically been below water surface. During a February 2002 inspection by 
ADWR and the District, one of the drain pipes was observed to be broken, exposing backfill 
soils. 

Embankment sampling and testing was performed at eight locations along the length of the 
dam. Samples were collected at two feet and in-place density and moisture content was de- 
termined. 

SHB performed collapse tests on 13 native foundation soil samples collected from both up- 
stream and downstream locations, and beneath the dam between Station 260 and 474. 
Collapse potential ranged from 0 to 14 percent for samples having dry densities of 89 to 1 12 
pcf, and in-situ moisture contents of 5 to 26 percent. Summarized in Table 8. 

Laboratory testing included sieve analysis, moisture content, hydrometer tests, pinhole tests, 
hydraulic conductivity tests, proctors, and consolidation tests. 

FINDINGS/RESULTS: 

Embankment soils have undergone continuous drying since their placement. 

Plasticity index values varied in comparison to those obtained in other studies: 

o AMEC: 1 to 16 

) COE (1973): 14 to 23 

) The District (1 977): 6 to 19 

) SHB (1982): 3 to 29 

Embankment soils are generally not dispersive but have erosive characteristics. The soils 
were also found to be resistant to piping. 

600996001R-Data Summary 
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Transverse cracks identified at Station 471+21 seem to be related to animal and/or rodent 
origin and have become more developed with erosion. 

Only surface cracking related to desiccation was noted at Stations 449+27 and 493+18 
where existing features were explored with test pits. Roots about 112 inches in diameter were 
found at a depth of 2.8 feet at Station 493+18 indicating softer soil conditions or deeper des- 
iccation cracking. 

Surficial voidslcracks observed at Station 474+21 did not appear to be of recent animal ori- 
gin. Test pits and probing revealed cracks up to 19 feet long. 

On the downstream side of the dam, deflections of the laterally unsupported outlet works 
wall were 2-314 and 2-112 inches compared to 1 and 1-118 inches for the supported section. 
On the upstream side, deflections of the laterally unsupported wall were 1-518 and 718 inches 
compared to one inch for the supported section. 

CONCLUSIONS AND RECOMMENDATIONS: 

The District concluded that the cracking was not entirely caused by regional subsidence. 

SHB restoration study concluded that the dam is underlain by collapsing soils fi-om about 
Stations 250 to 500. 

Transverse cracking at Station 474+2 1 may be related to the deflection of the retaining walls 
at outlet works. It is likely that the deflection of the supported section occurred when the 
embankment sections adjacent to the walls were constructed. 

Recommend monitoring future deflection of the walls. 

The broken clay pipe may be indicative of more extensive damage to the independent invert 
slab and wall drainage systems designed to protect the structure. Further investigation of the 
two drainage systems is recommended. 

A detailed investigation plan including exposing all or part of the independent drainage sys- 
tems should be undertaken if damage to several pipe sections is indicated. 

- Longitudinal and transverse cracks neither pose an immediate dam safety concern nor im- 
pact stability. 

6MXW6001R-Data Summary 
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TABLE 2 
SUMMARY OF TRANSVERSE CRACK INVESTIGATION 

Test Crack Backfill 
Station Pit No. Identified -- Notes Method 

208+11 ADH No crack identified in apparent animal dug hole (ADH). - 
Spoil pile adjacent to downstream portion of hole 

436+63 ADH No crack identified in apparent animal dug hole. Spoil pile - 
adjacent to downstream portion of hole. 

44 1 +40 ADH Indication of small voids at surface. Area was dug out - 
with shovel and hammer. No evident cracking below 
grade. Small voids may be due to surficial desiccation 
andlor erosion. 

445+20 ADH Appears to be animal dug hole. Area was excavated with - 

shovel and hammer. No evident cracking beyond 
surface Wasp nest found in hole 

447t06 TP-S1 ADH Appears to be animal dug hole. Spoil pile downhill of C 
hole. Excavated with backhoe. No cracks found below 
grade. 

449+27 TP-S2 No Area excavated with backhoe. No cracking found in soil C 
with exception of surface soils where most desiccation 
has occurred. Excavation did uncover some small roots 
up to 118" in diameter. 

452+62 ADH No crack identified in apparent animal dug hole. Spoil pile - 

adjacent to downstream portion of hole. 

453+60 ADH No crack identified in apparent animal dug hole. Spoil pile - 
adjacent to downstream portion of hole. 

454+88 TP-S3 Yes Two backhoe test pits excavated. Significant crack D 
excavated. Portion of crack probed to depth of 4.2'. 
Surficial evidence of crack indicated limits to be on extent 
of 2.5' by 1.3'. Excavation of area indicated crack to be at 
least 8' in length. Probing horizontally indicated an 
additional 30" of extent beyond initial 6 feet excavated. 

455+28 TP-S4 Yes Two backhoe test pits excavated. Significant crack D 
identified. Cracking was observed to be a minimum of 14' 
in length \/ith additional 3.3 feet of crack probed outside 
excavation limits. Maximum depth of probing vertically 
was 4.5 feet. 

471+22 ADH Appears to be animal dug hole. Area was excavated with - 
shovel and hammer. No evident cracking beyond 
surface. 



Flood Control Dlstrlct of Mar~copa County 
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Work Assignment No. 1 
Contract FCD 2000C006 
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June, 2002 

TABLE 2 (Cont.) 
SUMMARY OF TRANSVERSE CRACK INVESTIGATION 

Test Crack Backfill 
Station Pit No. Identified -- Notes Method 

474+21 TP-S5 Yes Two backhoe test pits excavated. Crack evident after D 
some excavation. Excavation uncovered crack with 
minimum length of 19 feet. Maximum depth of probing 
vertically was 4.0 feet. Voids in immediate area were 
examined. No additional cracks were identified. 

493+18 TP-S6 No Two backhoe test pits excavated. No cracking was C 
observed beyond surface. Some surficial desiccation 
cracks were apparent in upper portion of excavation. 
Roots up to '/2" were found at depth of 2.8 feet. 
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FIGURE 7 
Change in Volume on Wetting 
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Mean Volume Change vs Sample Depth for Various Pressures 
AMEC (2001) Consolidation tests 
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FIGURE 9 
Blowcount Profile 
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Flood Control District of Maricopa County 
Structures Assessment Phase I1 
Investigation of Cracking 
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FIGURE 10 
Summary of Moisture Content Data 
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FIGURE 15 
McMicken Dam Embankment Material Properties 
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Flood Control District of Mar~copa County 
McMicken Dam Geotechnical Investigation 
Work Assignment No. 1 
Contract FCD 2000C006 
Maricopa County, Arizona 
June, 2002 

TABLE 7 
SUMMARY OF AMEC (2001) CONSOLIDATION TESTS 

Total Volumetric Change (AV) 
@ 0.5 ksf 

Overburden Water Initial Dry Unif~ed Soil Blow Counr 
Boring Sample Intermediate Pressure Content Dens~ty Pre- Post- Classification (Ring 

Station No. Depth Depth (0,) (W) (Y,) Wetting Wetting Collapse @ I ksf @ 2 ksf @ 4 ksf @ 8 ksf Symbol Sampler\ 

(fl) (ft) (kS9 (%) (pcf) (%) (Yo) (Oh) ( % ) (%) ("0) ( % ) - - - --. . . 
200+00 B-1 2.5-3.5 3.0 0.345 4.7 102.2 0.8 1.4 0.6 2.6 4.6 7.2 9.9 SC-SM 15 

SC-SM 
SC 
CL 
CL 
SC 
CL 
SM 
ML 
CH 
SC 
CL 
C L 
SC 
SC 
CL 

SC-SM 
C L 
SC 
S M 
SC 

SC-SM 
SM 

SC-SM 
SM 

SC-SM 
SC 
SC 
C L 

CL - 

30 
37 
42 
35 
1 1  
36 
32 
40 
42 
17 - ,. 
/ i 

47 
Refusal 
20 
1 ;' 
16 
17 
60 
2 5 
24 
30 
1 1  
30 
15 
17 
2 7 
17 
35 
22 - - .. -. 



Flood Control District of Maricopa County 
McMicken Dam Geotechnical Investigation 
Work Assignment No. 1 
Contract FCD 2000C006 
Maricopa County, Arizona 
June. 2002 

TABLE 8 
SUMMARY OF SHB (1982) CONSOLIDATION TESTS 

Total Volumetric Change (AV) 
Blow 

Boring1 Overburden Pressure Water Initial Dry Unified Soil Count 
Test Pit Sample Intermediate Pressure when Content Density Pre- Post- Classification (Ring 

Station No. Location* Depth Depth ( 0 )  Wetted (w) (y,) Wetting Wetting Collapse @ 1 ksf @ 2 ksf @ 4 ksf @ 8 ksf Symbol Sampler) 

15 10'USofToe 
16 10'USofToe 

TP26 120' DS of Toe 
TP24 GOO' US of CL 
TP25 145' DS of CL 

22 8' US of Toe 
55 CL of Old Dike 

TP15 940' US of CL 
2 3' DS of Toe 

24 ?US ofToe 
56 CL of Old Dike 

TP16 900, US of CL 
TP18 360' DS of CL 

ML 
CL 
SC 
CL 
CH 
CH 
CL 
CL 

SP-SC 
CL 
CL 
CL 
CL 

Refusal 
48 
NIA 
NIA 
NIA 
60 
12 
NIA 
34 
13 
13 

NIA 
NIA 

Old Dike Soils 

260+00 TP32 CL of Old Dike 3.5-4.5 4.0 0.46 4.0 6.0 100.8 2.5 12.5 10.0 --- -- 12.5 15.5 SM-SC N/A 
464+00 TP30 CL of Old Dike 3.5-4.0 3.8 0.43 4.0 6.0 115.8 2 0 3.3 1.3 -- -- 3.3 5.7 CL NIA 

Embankment 

355+00 27 CL of Dam 24.5-25.5 25.0 2.88 4.0 4.6 100.6 6.8 8.9 2.1 --- -- 8.9 11.6 ML 13 
464+00 TP29 CL of Dam 3.5-4.0 3.8 0.43 2.0 4.2 105.1 1.5 9.0 7.5 --- 9.0 12.0 15.0 SM NIA 

'Note: US = Upstream 
DS = Downstream 
CL = Centerline 
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SAMPLE SOURCE: SEE RELOW 
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WORK ORDf K NO' 3 
DATE SAMPLED. 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, U5CZS (ASIU D-2487) 

PERCENT PASSING BY WEIGHT 

SjH or SASIJO GRAVEL COBBLES 
Giay Fine I Medium 1 ~ c a r s e  1 Fine I Coarse 
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LOCATION U ~ ~ J ~ C < E N  c),L,~J 
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SAMPLE SOURCE. SEE BELO'S2 

JOB NO: 2 317-iC!::2; 
WORK ORDER NO 3 
LAB NU: SEE :3ELOW 
DATE SAMPLED 

-- "..- -- ..- 

MOISTURE CONTENT OF SOtL (ASTW 02216) 
- -- -" -- 

LAB # BORING DEPTH WETWT. DRYWT. 
RANGE (gram) f w m l  

MOISTURE 
CONTENT 
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LOCATION. i,.lc!.fiCKE N 3A?: 
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JOB N O  IJ 2 t ; - : c ~ : , :  

'WORK ORDER NO 2 
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.".... --- 
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PROJECT S7 PuCTJRFS PbSESStv4EhT 
LOCATION r-itcFbiCt<Eh DAM 
MATERtAL SM 
SAMPLE SOURCE 9 16 @ 2 5 I& 5 
SAMPLE PREP INSITI, 

JOB NO [J.?.;. -,;,- '22 
WORK ORDER NO j 
LAB NO: 85 
DATE 

ONE-DIMENSIONAL CONSOtIDATtON PROPERTIES OF SOILS (ASTM 02435) 

INITiPL VOL3hr.E (cu in) 4 50 
lNlTlAi MOISTURE CO'L1'rENT '0.3'/0 
I?:ITiAL DRY DENSiT'/(pcf) $03.0 
iNIT!Ai iJOIU RATIO 0 6 
EST:MATET) SPECiFiC :ZR/,,CiTL 2 65' 

FINAL VOLUME (cu 17)  4 13 
FINAL MOISTURE CL)Y%NT 18 e'7c 
FINAL 3RY DENS;-' (pcf 8 - 1 4  4 

FINAL v'GiD RATIO 0 3 
SPTbR4TEn A' ?, -- ., i - L ;  

0 1 

Vertical Stress (tsf) 
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Data Summary Report 
McMicken Dam Principal Spillway 

Appendix A 1 1 
Project No. 600996001 

DOCUMENT TITLE: McMicken Dam Design Review, Dam Fissure Zone Remediation Pro- 
ject Report (AMEC): dated April, 2003. (CD containing CIS data was included with report) 

DATE: February 24,2003 

PREPARED BY: AMEC 

PURPOSE: 

Review the safety deficiencies previously identified for McMicken Dam. Review of existing data 

and identified other safety deficiencies that may be present. Develop and present GIs data for the 

Dam. 

SUMMARY: 

The documents reviewed included: 

URS, 2002, Drafi Structures Assessment Report 

The District, 1999, Drafi McMicken Dam Data Book 

o 2002, Topographic Mapping of McMicken Dam and a Portion of the Watershed, 2-foot 
contour intervals 

0 AMEC, 2002a, 2003a, 

o Dames & Moore, 1998, Drafi Design Issues Report for White Tanks FRS No. 3 

I URS, 2001 a, Design Issues/Basin Alternatives Report for White Tanks FRS No. 3 

URS, 2001b, 2001c, General Environmental Report and Cultural Resources Inventory 
for White Tanks FRS No. 3 

2002, Structural Survey Data for McMicken Dam 

o USACE, 1954, Hydrology Analysis for McMicken Dam 

7 Rumann & Sutko, 1987a, Cruff, 2000, Hydrologic Analyses of McMicken Dam by The 
District 

o Rumann & Sutko, 1987b, Dam Break Analysis of McMicken Dam by The District 

o Archived Files Maintained by The District 
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o Two other reports by AMEC were not provided: Soil Erosivity and Development of Pro- 
cedures for Dam Breach Analysis. 

FINDINGSIRESULTS: 

The dam safety deficiencies identified include: 

o Embankment overtopping during Probable Maximum Flow (PMF): Analyses by ADWR 
indicate that under 'current' conditions, the PMF would result in 0.43 feet of overtop- 
ping. Overtopping would result in failure of dam. 

o Earth Fissure Zone at Southern End of Dam (discussed in AMEC 2002a report) 

o North Dike Breaches: dikes north of emergency spillway were identified as unreliable, 
subsequently repaired. 

o Transverse Cracking of the Embankment as discussed in AMEC 2003a & 2003b 

o The presence of the central filterldrain may mitigate effects of cracking 

o Principal Spillway channel walls have rotated inward by 1.5 inches; may be sufficient to 
result in formation of transverse cracks adjacent to outlet works. 

3 Clay pipes in drain system are broken and collapsed, which could result in higher hy- 
drostatic pressures. 

3 CMP Outlets were not constructed with sand diaphragms and some are dysfunctional 

3 Video revealed structural damage in two CMPs which may present seepage path 
through embankment. 

The Outlet channel at principal outlet may not have adequate capacity which could lead 
to overtopping of channel 

South end of the Emergency Spillway Foundation is placed on fill soils that may be 
more susceptible to erosion than native soils leading to loss of bearing capacity. 

CONCLUSIONS AND RECOMMENDATIONS: 

Based on the failure modes and effects analysis (FMEA), the following conclusions and rec- 
ommendations were offered: 
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o Seepage and erosion along earth fissures is highest likelihood of occurrence. However, 
associated failure risk of dam is considered low because discharge resulting from breach 
was considered low. 

0 Overtopping of outlet channel high likelihood of occurrence but low consequence. 

o Failures due to emergency spillway discharge during large events have moderate likeli- 
hood and high consequence. 

o Failure modes associated with CMPs and internal erosion along non-fissure related 
cracks has moderate likelihood and moderate consequence. 

o Data does not indicate a fissure zone in North Study Area so low risk of failure along 
fissures in this area. 

High hazard zone is near 56+00 and 75+00, also extends upstream of dam to north and west. 

Clear vegetation at emergency spillway inlet, and extend the length of spillway from 2000 
feet to 5000 feet. 

Establish a monitoring program for channel wall rotations. 
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DOCUMENT TITLE: Earth Fissure Investigation report 

DATE: April 1 1,2003 

PREPARED BY: AMEC 

PURPOSE: 

Report presents findings of investigation which detected and characterized distribution and na- 

ture of fissures in the southern-most six mile of McMicken Dam. 

SUMMARY: 

Earlier studies (SHB, 1982) detected fissures approximately 600 feet east of 63+50. Fissures 
are a result of horizontal strains in alluvial basin sediments induced by large-scale ground 
subsidence. Subsidence results from lowering of the static groundwater table. 

Main fissures are located at Fenne Knoll. 

Fissures are associated with nearby protrusions of competent bedrock extending through thin 
mantle of unconsolidated sediments. 

Study of remote sensing indicated that subsidence leading to risk of fissures exists near 
290+00 (North Study Area). 

Report focused on three study areas: Regional (entire alignment of dam), South Study Area 
(southern terminus to 120+00), and North Study Area (270+00 to 3 10+00) with most of the 
investigative tasks being performed in the South Study Zone 

Surface in Southern Study Zone contains multiple ephemeral arroyos draining to southeast at 
65-90 feetlmile 

Investigative approach utilized the following techniques: 

o Review of existing data 

o Aerial Photo Review 

o Low-Sun-Angle Photography 

Synthetic-Aperture Radar Interferometry (InSAR) 

1 Ground Reconnaissance 
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o Ten test pits excavated on downstream side of dam near 54+00 to 63+00 up to nine feet 
deep and up to 76 feet long to investigate fissures. 

o 93 seismic refraction surveys completed from 49+00 t 11 5+00. 

o Seven test trenches located in the detention basin excavated 90 to 220 feet long and up 
to 10 feet deep, used to investigate the anomalies revealed during seismic lines and In- 
SAR. 

o Relative gravity surveys were performed to support subsurface geometry characteriza- 
tion. Performed in North (64) and South (21 7) Study Areas. 

o Deep resistivity soundings performed, four in South, two in North Study Areas. 

o Nine Refraction Micro-Tremor (ReMi) Shear Wave Seismic Surveys performed in 
North (2) and South (7) Study Areas. 

Geological setting 

o 15 mi3 salt body beneath Luke AFB extending from 5500 feet to 9000 feet bgs. 

o Gravity data suggests buried bedrock shelf beneath alluvial fan directly east of WTMs. 
Result is a rapid deepening of basin fill thickness northward and up-station along align- 
ment. Relatively shallow bedrock beneath alluvial fan and upstream of southern one- 
third of dam also indicated by presence of inselbergs (Fenne Knoll) protruding through 
alluvial cover. 

Geohydrological characteristics 

o Over 350 wells present in study area 

o Average rate of decline of static groundwater table is 4.5 ft/year occurring mostly before 
mid-60s 

o Subsidence due to dewatering controlled by particle-size distribution of sediments. 
Fine-grained sediments in basin 1.5 miles east of southern dam to a depth of 600 feet 
bgs, area is offset by one mile east of measured subsidence. 

FINDINGSIRESULTS : 

Ground subsidence due to groundwater withdrawal 
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Subsidence at Luke AFB has been measured up to 15 feet or more. Up to seven feet in Para- 
dise Valley with fissure. 

National Geodetic Survey elevation data taken along Beardsley Canal collected in 1947-48, 
1967, and 1981. McMicken dam surveyed in 1955, 1981, 1985, 1998, and 2001. InSAR 
study shows relative elevation changes of study area from 12/96 to 12/99. 

National Geodetic Survey monuments along Beardsley Canal (one-mile intervals) indicate 
two to three feet total subsidence from 1947 to 1981 from Camelback Road to Olive Ave- 
nue; and three to four feet from Peoria Avenue to Bell Road. 

McMicken Dam crest settled 2.5 to 4 feet from 1955 to 1982 from Cactus Road to Bell 
Road, typically 3 to 3.5 feet. 

Three National Geodetic Survey monuments resurveyed in 2002 showed less than one foot 
settlement from 198 1 to 2002. 

Subsidence rates from 1947 to 1967 up to 3 cmlyr. Decreased to approx 1.3 d y r  from 
1967 to 1981. Decreased to less than one crnlyr after 1981, in some locations, subsidence 
ceased. 

Subsidence data only presented at stationing up to 240+00. 

Correlation between falling ground water levels and subsidence highlighted. Greatest subsi- 
dence between 1940 & 1982 correlated to greatest pumping rates. 

Larger subsidence in areas near Glendale Avenue & Peoria Avenue does not appear to be 
related to pumping wells. 

SHB, 1982 report summarizes methods employed to search for fissures. 

20-foot vertical discontinuities found in Fenne Knoll fissures (20 foot deep by 114- to 112- 
inch wide fissures). 

Discordant drainages (to alluvial pattern) may indicate prehistoric fissure patterns. 

Vegetation lineaments appear to be related to configuration of subsidence and resulting fis- 
sures. Fissures enhance root penetration providing favorable sites for vegetation. 

Correlated with test pits, seismic refraction study was able to locate lateral discontinuities 
(fissures) with reasonable accuracy. 

Fissures are more well defined in soils with higher degree of cementation (and finer grained) 
and less defined in uncemented sand and gravel. 
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Gravity surveys indicate a sharp drop off of the bedrock depth (to over 1,000 feet bgs) at ap- 
proximately 2,000 feet east of southern extent of dam 

ReMi (shear wave profiling) data characterizes soil profile. 

Resistivity soundings indicated presence of clayey soils well above GWT and depths to bed- 
rock. 

North study area bedrock is well over 1000 feet bgs and gently slopes. No definitive support 
for development of conceptual geologic subsidence model for this area. 

The approximate limits of the earth fissuring hazard and risk zones are: 

o 40+00 to 56+00: low hazard 

0 56+00 to 75+00: high hazard 

o 75+00 to 105+00: moderate hazard 

o 105+00 to 125+00 low hazard 

Due to limited nature of investigation in North Study Area, it is recommended that area be- 
tween 275+00 and 285+00 receive special consideration during future surveillance, 
monitoring, and characterization program. 

Lack of shallow, variable depth to bedrock zones and distinct linear contrasts in the rate of 
subsidence indicates that this area (North Study Area) is not comparable to moderate hazard 
zone at 75+00 and 105+00. 

CONCLUSIONS AND RECOMMENDATIONS: 

It is unlikely that earth fissures detected upstream of embankment currently pose a risk of 
piping failure of the embankment during periods of floodwater detention. If further horizon- 
tal strains experienced, fissures will likely widen and create future hazard to safe operation 
of dam. Additional strains at 56+00 to 105+00 will cause new fissures to develop. 

Several alternatives of monitoring methods/programs are recommended. 

Further investigation of Northern Study Area is recommended. 

Shallow, relatively high permeability foundation soils should be investigated prior to design- 
ing modifications to prevent piping (due to fissures). 
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Recommended to establish zone of no further development for region within 1,500 to 2,000 
feet of dam south of 1 15+00. 

Subsidence radiates out from high capacity pumps for distance of 314- to one-mile. It is rec- 
ommended to limit future citing of large-capacity wells within earth fissure risk zone. 
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Figure 8 - Subsidence Data for 1947 to 2002 
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Figure 9 - Annual Subsidence Rates 
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DOCUMENT TITLE: Geological Input to Structures Assessment Reports (Revision 3) 

DATE OF REPORT: June 4,2003 

PREPARED BY: Geologcal Consultants, Inc. 

PURPOSE: 

To provide geological input to URS for the McMicken Dam structures assessment report. 

SUMMARY: 

McMicken Dam is located within the Sonoran Desert section of the Basin and Range Physi- 
ographic Province. 

GCI described the Basin and Range Province to be characterized by northwest, north, and 
northeast trending mountains, which rise abruptly to form broad, elongated, deep, sediment- 
filled valleys produced by block faulting and folding. 

The dam is located approximately three miles east of the northern White Tank Mountains. 
These mountains are composed of old, Pre-Cambrian age metamorphic and granitic crystal- 
line bedrock, intruded by younger dikes. The bedrock is reported to be locally overlain by 
Tertiary volcanic rock and Quaternary alluvium. 

The McMicken Dam study area is situated at the western margin of a broad alluvium-filled 
valley known as the West Salt River Valley Basin. 

The alluvial deposits range in depth fiom a few feet near the mountains to more than 1,200 
feet in the majority of the basin. The estimated thickness of the deposits at the dam ranges 
from 400 feet to over 1,600 feet thick. Alluvial thickness increase to the north along the 
dam. 

The basin fill within the valley commonly makes up the principal groundwater aquifer of the 
region. 

The surface geology of the dam area is dominated by three alluvial fan units that range in 
age from Holocene to middle to late Pleistocene. The three alluvial units, as described by 
Field and Pearthree, are: 

3 Older Middle Alluvium: These are composed of poorly sorted, angular to subangular 
silt, sand and gravel. The surfaces are moderately dissected. A well developed cobble to 
pebble desert pavement is generally found over the surface. The underlying soils are 
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characterized by moderate to very strongly developed clay horizons overlying a well 
developed (Stage IV) caliche horizon. 

o Younger Middle Alluvium: These are the late Pleistocene deposits which are also 
poorly sorted, angular to subangular admixtures of silt, sand, and gravel. The surfaces 
are moderately dissected. A poorly to moderately developed cobble to granule desert 
pavement is found over at least half or more of the surfaces. Underlying soils are typi- 
cally poorly sorted, indurated clayey silty sand on top of a poorly to moderately 
developed (Stage I & 11) caliche horizon. 

o Young Alluvium: These deposits are composed of loose, poorly sorted admixtures of 
silt, sand, and gravel. The fragments are coarse-grained and angular to subangular ex- 
cept on the lower piedmont where the deposits are typically fine sand and silt. The soil 
on the surfaces are poorly developed because they are commonly confined to arroyos 
and drainage ways. These deposits are also subject to occasional and fiequent flooding. 

The basin stratigraphy of the area is comprised of three distinct alluvial units. These three 
alluvial units that underlie the study area are: 

o Upper Alluvial Unit: This unit is composed of gravel and sand with lesser amounts of 
silt and clay. The deposits are mostly unconsolidated with locally strong cementation 
near the mountain fronts and stream courses (SGC, 2000). 

o Middle Alluvial Unit: This unit is composed of silt, and clay with thin interbeds of silty 
sand and gravel. The deposits are mostly weakly consolidated, but moderately to well- 
cemented. Grades to fine-grained mudstone and evaporite deposits in the center of the 
basin (Schurnann, 1 995). 

o Lower Alluvial Unit: This unit is composed of silt, gravel and conglomerate. The lower 
part of this unit is moderately to welI-cemented. The sediment grades to fine-grained 
sand, silt and clay with intercalated massive evaporite deposits near the center of the ba- 
sin, east of the study area. This layer is underlain by bedrock. 

The middle alluvial unit may not underlie the study area due to the proximity of the dam to 
the White Tank Mountains. 

The groundwater levels in the McMicken Dam area have reportedly dropped fiom 100 feet 
to 300 feet (Schumann, 1986). Groundwater levels may have stabilized or increased in the 
last 20 years; however, water levels have not recovered to pre-pumping levels within the ba- 
sin. 
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The level of groundwater has stabilized likely in response to flood recharge, increased use of 
Central Arizona Project (CAP) water rather than groundwater, and possibly changes of land 
use fkom agricultural to urban. 

Land subsidence has been well documented within the vicinity of McMicken Dam. A maxi- 
mum subsidence of 0.9 feet was measured at Station 110+00. A recent study seems to 
suggest that subsidence in the area is ongoing. 

A regional and a site specific gravity survey were performed in the vicinity of the study area 
by Oppenheimer and AMEC, respectively. Earth fissures are documented at the south end of 
McMicken Dam. 
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Memorandum 
To: Mr. Ravi Murthy, P.E. 

Mr. Charles Masala 

From: Ken Euge, R.G. 
Principal Geologist 

Subject : Geological Input 

June 4,2003 

McMicken Dam 
Maricopa County, Arizona. 
FCDMC Contract No. FCD 200 1 C0 12 
Geological Consultants Project No. 2001 -1 25 

In response to your request, submitted herewith are the revised input sections, including geology 
and ground subsidence, for the McMicken Dam structures assessment report. As requested by 
FCDMC, the previously submitted seismicity section as been deleted. We have included the 
numbering of the report section based on previous Structures Assessment Report submittal. 
However, please edit as appropriate to conform to your report format. 

McMicken Dam 

3.5.1 Geologic Setting 

The McMicken Dam is located within the Sonoran Desert section of the Basin and Range 
Physiographic Province. The latitude and longitude of the center part of the structure is 
approximately 033" 37' 52.94" N and 1 12" 27' 46.24"W based on N.4.D 83 datun. This portion 
of the Basin and Range is Characterized by northwest, north, and northeast trending mountains 
that rise abruptly to form broad, elongated, deep, sediment-filled valleys produced by block 
faulting and folding (Geological Consultants Inc., 1999) during past episodes of mountainbasin 
bounding fault movements (Cooley, 1977). McMicken Dam is located approximately 3-miles 
east of the northern White Tank Mountains. 

The White Tank Mountains are composed predominately of old, Pre-Cambrian age (570 million 
years ago (rnya)) metamorphic and granitic crystalline bedrock, intruded by younger dikes. The 
bedrock is locally overlain by Tertiary age (66 mya to 1.6 mya) volcanic rock and Quaternary are 
(younger than 1.6 mya) alluvium. The basin fill within the valley commonIy makes up the 
principle groundwater aquifer of the region. 
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DOCUMENT TITLE: Individual Phase I Assessment Report 

DATE OF REPORT: June 4,2003 

PREPARED BY: URS Corporation 

PURPOSE: 

The assessment included a review of available hydrologic, hydraulic, geotechnical, and construc- 

tion information for the dam and appurtenant facilities, field inspection of the facility, and a 

Failure Modes and Effects Analysis (FMEA). 

SUMMARY: 

McMicken Dam is situated on a broad, southeastward-dipping alluvial plain dissected by 
several stream or drainage channels. 

The following three alluvial units underlie the McMicken Dam study area: 

o Upper Alluvial Unit: Gravel and sand with lesser amounts of silt and clay. Mostly un- 
consolidated with locally strong cementation. 

o Middle Alluvial Unit: Silt and clay with thin interbeds of silty sand and gravel. Mostly 
weakly consolidated, but moderately to well cemented. Grades to fine-grained mud- 
stone and evaporite deposits in the central part of the basin. 

o Lower Alluvial Unit: Silt, gravel and conglomerate. The lower part of this unit is mod- 
erately to well consolidated. Grades to a fine-grained sand, silt and clay with 
intercalated massive evaporite deposits toward the center of the basin. This unit is un- 
derlain by bedrock. 

The embankment is underlain by Holocene deposits consisting of weakly cemented sandy 
silts and clays with lesser amounts of clayey and silty sands. These deposits are moisture- 
sensitive and could be collapsible upon inundation. These soils are underlain by moderately 
cemented, granular Pleistocene deposits. 

SHB and USACE generally described the embankment soils as silty and clayey sands, and 
sandy clays of low to moderate plasticity. The angle of internal friction of these soils ranged 
from 29 degrees (USACE) to 30 degrees (SHB). The results of the unconsolidated- 
undrained tests on these soils were reported to be inconclusive (SHB). A cohesion of at least 
2,000 psf was indicated. 
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The embankment soils &om Station 250+00 to 500+00 exhibited moisture contents ranging 
from 6 to 12 percent. N-values were typically in excess of 50 blows for 12 inches. Labora- 
tory testing by SHB indicated that these soils exhibit two to seven percent collapse upon 
inundation. 

Land subsidence, which is a result of excessive withdrawal of groundwater, is well docu- 
mented in the vicinity of McMicken Dam. No attempt was made to estimate and incorporate 
future subsidence in the design to restore the dam. 

Previous investigations conducted by AMEC identified earth fissures upstream and down- 
stream of the southern segment of the dam. 

A recent study by AMEC indicates that the largest earthquake near the dam occurred at the 
Horseshoe fault located approximately 71 kilometers from the dam. The earthquake had a 
magnitude of 7.0 and resulted in a peak horizontal acceleration of 0.05 g. 

The principal outlet is an ungated, reinforced concrete box culvert located at Station 476+80. 
The culvert is 20 feet wide and 11 feet high with vertical walls. 

The outlet extends from the upstream toe of the dam to the downstream toe with a total 
length of approximately 188.33 feet. This length includes the entrance channel, a transition 
section, and a 30-foot wide stilling basin. 

The invert elevation at the entrance of the principal outlet was designed at elevation 1,335 
feet and slopes down to 1,333.8 feet at the entrance of the transition section. The invert has 
been lowered to 1,333.6 feet probably due to subsidence. 

An FMEA was completed. Two of the seven identified dam safety deficiencies are related to 
the principal outlet: the wing walls at the principal outlet have rotated slightly inwards and 
that the outlet channel may be undersized for the maximum capacity of the principal outlet. 

The principal outlet has a capacity of 4,450 cfs at a pool elevation of 1,354 feet. 

The dam was designed to provide a freeboard of five feet above the emergency spillway. 
The freeboard available during the PMF was established to be approximately one foot. 

FINDINGSIRESULTS: 

Large erosion gullies in need of repair were reported at Station 488+00. 

The highest intensity of transverse cracking was noted between Stations 445+00 and 
475+00. The cracks were up to 0.75 inches wide and up to 14.5 feet deep. 
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Cracks were noted in the right training wall of the principal outlet at the location of the 
Beardsley Canal siphon. The siphon was reportedly leaking through this crack. 

During an inspection conducted in March 200 1, the wing wall of the stilling basin appeared 
to be offset by about 1 inch from the sidewalls of the spillway. This offset appeared to have 
increased by 0.25 inches during the March 2002 inspection. 

A relatively large rodent hole or pipe was observed on the downstream face near the princi- 
pal outlet, at Station 468+85. The hole was probed a depth of nearly 12 feet. 

Three of the weep or drain holes in the south retaining walls of the principal outlet have col- 
lapsed. The remainder appeared to be in relatively good condition. 

The principal outlet appeared to be in relatively good conditions. The exposed concrete ele- 
ments showed few signs of deterioration. 

CONCLUSIONS AND RECOMMENDATIONS: 

The rotation of the wing walls at the principal spillway may be due to lateral earth pressures. 
It is recommended that the walls be monitored periodically for movement. 

It is likely that the lowered invert elevation of the principal outlet has had a significant im- 
pact on its capacity. 

None of the failure modes identified for the dam were judged to have a combination of both 
high likelihood of occurrence and high consequence (high risk). 

The USACE opined that the transverse cracking was caused by regional subsidence while 
SHB suggests that the cracking was probably due to collapsible foundation soils. 

It is recommended that preliminary assessment of earth fissures be conducted along the en- 
tire embankment. 

A further study of the mechanics and effects of seepage along a transverse crack through the 
embankment is recommended. 

The hydraulics of water conveyance from the southern segments of the dam to the principal 
outlet and emergency spillway should be evaluated in detail. 

The following evaluations/investigations were recommended by ADWR: 

o Investigation of the principal outlet wing walls and drains. 
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o Investigation of the mechanics and effects of seepage along fissure cracks in the Holo- 
cene and Pleistocene deposits. 

o Investigation of the mechanics and effects of longitudinal cracks in the embankment 
and Holocene foundation soils. 

o Evaluation of the outlet channel immediately downstream of the principal outlet to de- 
termine if the capacity is adequate for the various pool levels including the PMF. 
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deposits. Survey data developed by the District at Station 110+00 on the dam suggests the 

following rates of subsidence: 

These data suggest that subsidence is ongoing at the dam location. 

Period 

1985 to 1991 - 

1991 to 1998 

I998 to 2001 

Uneven or non-uniform consolidation of the alluvium due to subsidence can result in the 

development of earth fissures within the subsurface. Earth fissures were first documented 

downstream of the dam near the south end of the embankment in the early 1980s. At that time, 

the closest distance between the fissure trace and the downstream toe of the embankment was 

approximately 600 feet. Recent studies by AMEC (2002) indicate that a possible fissure trace 
extends under the embankment. Based on this study (AMEC 2002), AMEC zoned the southern 

segment of the dam on a qualitative hazard risk level as follows: 

Subsidence Rate 
(feet per year) 

.090 

.026 

,055 

It should be noted that the District is continuing to investigate the subsidence and fissure risk at 
the south end of McMicken Dam. Therefore, the qualitative risk level summarized above may 

change. However, the data presented above are consistent with the findings of the District's 

investigation results as of February 2003. 

Station 

50+00 to 56+00 

56+00 to 66+00 

66+00 to 75+00 

75+00 to 89+00 

89+00 to 1 1 1+00 

1.2.3 Foundation Soils 

Qualitative Hazard 
 ire k s k  Level 

Low 

High 

Moderate 

Low 

Moderate 

The near-surface soils underlying the embankment typically are sandy silts and clays with lesser 

amounts 7= clayey and silty sands. The cla-rey soils are generally of low to medium plasticity. 

These soils may be weakly cemented and are considered to be Holocene in geologic age. The 

near-surface soils are moisture-sensitive and could exhibit collapse-type settlement upon 

inundation. The underlying soils are somewhat granular and moderately cemented. These soils 

are considered to be Pleistocene in geologic age, and are expected to be relatively incompressible 
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measured subsidence along Perryville Road between 1957 and 1991. Continued releveling along 
the crest of McMicken Dam recovered relatively significant changes in elevat~on along the crest 

of the dam between 1985 and 2001. A maximum subsidence of 0.9 foot was measured during 

this time period at Station 110+00. At least 0.6 foot of subsidence has occurred between 

Stations 85+00 and 220+00 from 1985 to 2001 (District 2002). Interpretation of interferogram 

data indicated that changes in elevations occurred between 1996 and 2000 for portions of dam 

south of Bell Road. 

Along Perryville Road, the calculated subsidence rate was 0.071 foot per year (ft/yr) at Olive 

Avenue and 0.182 ftlyr at Peoria Avenue (between 1957 and 1991). Along the Beardsley Canal, 

the subsidence rate was 0.077 ftlyr at Olive Avenue and 0.179 ftlyr at Peoria Avenue (between 

1967 and 1981). Settlement/subsidence monitoring has been conducted by the District (2002) 
using survey data obtained in 1991, 1998, and 2001 at McMicken Dam. Crest monuments 
between Stations 4 0 4 0  and 500+00 have been surveyed. The data indicate that ground 

subsidence is ongoing in the McMicken Dam area. The subsidence calculated from the survey 
data recorded where the greatest elevation change has occurred at McMicken Dam (Station 

110+00) is summarized below: 

3.3.4 Earth Fissures 

Fissures occur in unconsolidated sediments, typically near the margins of alluvial valleys or near 

the bedrock pediment edge where land water levels have dropped from approximately 200 feet to 

500 feet below land surface (Schumann and Genauldi 1986). Fissures are initiated deep 
underground when tensile stresses exceed the strength of the soils. Tensile stresses induced by 

the subsidence continue to increase until the ground breaks to form earth fissures. The fissures 

then propagate upwards to intersect the ground surface. Early signs of earth fissuring are small 

"en echelon" hairline cracks and irregularly spaced depressions at the surface. As fissures 

develop, the cracks grow in length to create fissures from 1 foot to more than 10 feet deep when 

subject to ~;ssion caused by surface runoff. The fissures often have vegetation growing in them 

because the ground is commonly more moist along the earth fissure. Other physical features 
associated with fissures are slump-related escarpments from 1 inch to a few inches in height, as 

well as a drainage pattern associated with the fissure that does not conform to the area's local 

Record Period 

1985- 199 1 

1991-1998 

1998-2001 

McMicken Dam June 2003 
Individual Structure Assessment Report 3-4 URS Job No. 23442027 
Flood Control District of Maricopa County 

P:UCDMC\El-2075 ON-CALL PHASE IWMICKEN DAWISA REPORNINAL ISA REPORT MCMEKEN.DOC 

Subsidence 
(ft) 

0.540 

0.186 

0.166 

Yiars of Record 

6 

7 

3 

Subsidence Rate 
. ~ f f f ~  r~ , 
0.090 

0.026 

0.055 



of 29.5 degrees and a cohesion of 290 psf. A series of unconsolidated-undrained tests on 

relatively undisturbed samples from the embankment indicated a cohesion of at least 

2,000 psf (SHB 1982a) when tested at in-situ moisture content. 

The following tabIe summarizes the shear strength parameters used in stability analysis 

by COE and SHB: 

As can be seen in the above summary, the shear strength parameters selected by COE and SHB 
are in close agreement with each other with the exception of the soils of the lower foundation. 

Considering the increased cementation of the lower foundation soils, the shear strength 

parameters recommended by SHB seem appropriate. Overall, the shear strength parameters as 

described above seem acceptable for embankment stability assessment. 

3.3.7 Embankment Cracking 

In the early 1970s, the COE Los Angeles District initiated an investigative program at 

McMicken Dam. The purpose of the study was to present information pertinent to cracking of 

the embankment and to recommend remedial treatment. The results of the program were 

presented in a report prepared by COE (1973). As part of this investigative program, COE 

conducted a detailed, visual inspection of the embankment in September 1971. In March 1972, 

COE excavated five test pits along the crest in areas of cracking noted during the September 

1971 inspection. An additional 40 backhoe test pits were excavated in June 1972. The following 

month, 12 bucket-auger holes were drilled between Stations 435+00 and 460+00. The principal 

findings of the investigation are summarized as follows: 

Transverse cracks up to 0.75-inch wide and with a maximum depth of 14.5 feet were 

identified in several of the test pits. The highest intensity of cracking was noted between 

Sta:l"ns 445+00 and 47540,  and from Station 265+00 to 29540.  

The embankment soils had a shrinkage limit of 16 percent. The COE (1973) report also 

includes a summary of compaction (moisture content and relative density) data from 
construction records. According to these data, 90 percent of the soils were compacted 
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Table 1. Hydrologic Calculations used for McMicken FMEA 
1 I Reservoir Level 1 

Flood Study 1 Peak in flow(cfs) ( Peek out flow(cfs) I (ft.) 

 ROO^ (SPD- 

Note I: The value was read from the spillway rating curve 

Standard Project I Corps (l953)(design) 1 35.000 ] 4,450 (storage = 33,000 A-ft ( ~ 1 3 5 4 '  

Spillway Design I Corps (1953)(design) I 52.000 
Flood (1.5 SPD 
100-yr 

Probable Maximum 
Rood 

- 

Construction of raised damcompleted by COE to crest el. 1361; 2 CMP outlets extended through new 
upstream fill and 3 abandoned in-place 

22,000 

CWW (1986) 
FCD 
Corps (1953)(design) 
SHB (1983) 
CWW (1986) 
FCD (1987) 
FCD (2000) - spillway 
vegetation 
FCD (2000) - no 
spillway vegetation 

Table 2. Chronology of Significant Events for McMicken Dam 

1356 

Year 
1955 - 56 

1 1982 1 Earth fissures lineations identified downstream from the south end of the dam I 

56.200 
72,000 
120,000 
155,800 
163,267 
114,850 

>115,000 

>115,000 

Feature 
Construction of original dam completed by Corps of Engineers 

1977 Dam removed from service and breached at two locations due to dam safety deficiencies identified by 
COE, including embankment cracking and Ioss of crest elevation due to regional ground subsidence 

I I trenching I 

7480' 

95,000 
123,800 
166,790 
90,105 

109,095 (total dischg. capacity 
@ el. 1361 = 61,360 cfs) 

94,900 

1983 

2002 
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1354.44 

1360.0 
1360.8 

< I 3 6 1 5  
1360.43 

<1361.43> 

1360.77 

Central drain and outlets and downstream cutoff installed; crest re-leveled to el. 1361; and dam 
returned to service 

Earth fissures adjacent to the downstream and upstream toes at the south end of the dam confirmed by 



[ CMPs 1 
Lowest 1 4.0 - internal erosion due to . I dam breach characteristics highly specific to individual fissure 

Table 8. Highest Priority Failure Modes from McMicken FMEA 
Criterion 

Highest risk 

I geotextile defects I embankment cracking 

confidence 
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Failure mode 
3.0 - spillway discharge 
8.0 - spillway erosion 
7.0 - internal erosion at 
damlfoundation interface 
11.0 - structural integrity 
operational CMPs 
12.0 - internal erosion along 

earth fissures I locations and effects 
5.0 - internal erosion from 1 little construction information; uncertain influence of 

Major reasons 
large flows and inundated areas 
large flows and inundated areas 
continuous transverse cracking would provide continuous 
seepage and particle transport pathway 
age, condition, subsidence settlement, possible joint 
separation 
embankment cracking, single seepage collar 



2' C o m p r  rtcd Founda+ton Soils 

I 
Source: Design Report McMicken Dam Restomtion Study 

Maricopa Gaunv. Arizciia. SH8 consulting GeotechniMl Engineea. Typical Section of Embankment and Center Drain 
FCDMC - McMicken Dam 

Prepared By URS for Steven G. Vick, P.E. Figure 1 
Z Y 2 O I T . O M O O  
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DOCUMENT TITLE: Final Report ofAlternatives Analysis, McMicken Dam Fissure Risk 
Zone Remediation Project 

DATE: October 1,2003 

PREPARED BY: AMEC 

PURPOSE: 

Presents summary of alternatives analysis used to select preferred alternative for rehabilitation of 

south end of McMicken Dam (fissure risk zone). 

Approach: 

o Develop list of alternatives and list of criteria for evaluation. 

o Develop conceptual plans for listed alternatives, complete preliminary cost estimates, 
and perform preliminary failure modes and consequence analysis. 

o Initial screening of alternatives to reduce alternatives to approximately 8. 

o Intermediate screening to reduce alternatives approximately 3. 

o Complete a quantitative, structured risk analysis of remaining alternatives. 

o Complete structured value engineering analysis of remaining alternatives. 

o Additional studies which can be related to the possible presence of earth fissures, and 
analyses of the impact of breaching the existing Dam at locations south of 107+00. 

o Select an alternative. 

SUMMARY: 

Screening of alternatives was performed in meetings attended by The District, AMEC, Stan- 
tec Consulting, Inc., and AD WR. 

Draft evaluation criterion included: function, performance, risk, cost, environmental consid- 
erations, land use, aesthetics, capability of being incorporated into future plans, and 
regulatory requirements. 

System alternatives and system component alternatives considered. 
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Five general system alternative categories: 

o No action 

o Monitor only 

o Rehabilitation of existing structure : 

+ Construction of new earthen embankment, roller compacted concrete, or soil ce- 
ment embankment upstream or downstream of existing structure. 

+ Widening existing structure to fulfill criteria of protection against shrink- 
agelsettlernent cracking and earth fissures. 

+ Construction of upstream blanket, hydraulic barrier, and crack filling (grouting). 

o Abandonment of existing structure (sections) and: 

+ Construction of an upstream dam and spur dike outside of the moderate and high 
hazard fissure zones. 

+ Construction of same systems within the moderate and high hazard fissure zones. 

+ Construction of an upstream diversion and spur dike outside of the moderate and 
high hazard fissure zones. 

Segmenting existing structure alternative includes construction of a spur dike (or dam 
extension) only to segment that part of the dam within the moderate and high hazard 
fissure zones. 

Only rehab, abandonment, and segmentation alternatives were considered in high hazard 
zone. 

Any systems requiring new structures or dam extensions within moderate hazard zones were 
to include system components to protect against piping resulting from cracking or earth fis- 
suring; including: 

o Removal of Holocene soils 

Construction of upstream and downstream barriers extending into Pleistocene soils 

Construction of a hydraulic barrier on the upstream face of the dam 
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Preliminary design barriers include cutoffs (at toes) extending into Pleistocene soils using 
flowable backfill and geomembrane/geotextile barriers on upstream faces of new structures 
and cut-offs. 

Initial screening resulted in selection of 10 alternatives (rank). 

o Abandonment Alt. 4B (1): diversion structure located upstream of the existing dam, 
with further analyses to consider 500-year and PMF. 

o Isolation Alt. 5C (2): dam extension and segmentation with modification of existing 
dam and possible basin containment with further analyses to consider 500-year and 
PMF. 

o Rehabilitation Alt. 3B & 3A (3 & 4): new embankment dam located either upstream or 
downstream of the existing dam with further analyses to consider either the upstream or 
the downstream location but not both. 

3 Rehabilitation Alt. 3E & 3D (6 & 8): RCC structure located either upstream or down- 
stream of the existing dam with further analyses to consider either the upstream or the 
downstream location but not both. 

3 Isolation Alt. 5B (10): dam extension and segmentation with limited rehabilitation of 
the existing dam, with further analyses to consider both the 500-year and PMF events, 
and the option of basin containment and downstream channels. 

Abandonment Alt. 4A (11): dam extension or new dam located upstream of existing 
dam. 

Note: the 5th ranked alternative was not considered, since it is a minor variation of alts 
5B & 5C. 

More detailed plans and cost estimates were developed for selected alternatives for next 
screening. 

Secondary screening resulted in selection of 10 alternatives: 4B2, 5C1, 5C2, 4B1, 4A2, 3A, 
3B, 5B, 4A1 & 5A. with 3A, 4A2,5B, & 5C1 most likely to be selected. 

Risk assessment compared each alternative to a do nothing condition in the high hazard 
zone. Detailed cost estimates of failure were not computed; rather 4 (A, By C, & D) levels of 
consequences were used. 

600996001R-Data Summary 
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With regard to risk analysis, it was determined that the preferred alternative should be se- 
lected on the comparative design and construction costs. 

With respect to value engineeringlpreferred alternative analysis, alternative 5C-El3A was 
selected. 

Computer simulations were used to further define hazard zones. Five profiles were selected 
and inputted to SEEPIW and SIGMAIW to perform subsidence and deformation analyses. 

Simulations confirmed high hazard zone boundaries at southern end of dam. Analysis of 
moderate hazard zone showed strains not exceeding threshold, and evaluation of northern 
(>3 17+00) section showed that strains could exceed thresholds. 

Upon request of the District, a dam breach analysis was performed introducing both oppor- 
tunities and constraints; alternatives 6A through 6C; apparently none of these alternatives 
were feasible. 

CONCLUSIONS AND RECOMMENDATIONS: 

Decided that only the high hazard zone would be mitigated, with extensive monitoring in 
moderate hazard zone. 

Alternative 5C was chosen with soil cement embankment structure. 
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DOCUMENT TITLE: Geotechnical Supplemental Report: Dam Repair, Sta. 478 to 480 

DATE: January 5,2004 

PREPARED BY: R.A.M (Project # G08912) 

PURPOSE: 

To investigate a void (and subsequently discovered cracks and voids) located on the downstream 

toe near Station 478+18. 

SUMMARY: 

Field exploration activities included: 

Preparing a temporary repair plan for backfilling the exploration pits excavated in the toe of 
the dam 

Evaluating the voidlflow channel by excavating south along the downstream toe of the dam 

Mapping horizontal and vertical cracks in the test trench, measuring the width and depth of 
the cracks, and evaluating their relationship with the breached section 

Evaluating the conditions and possible interaction of the void area and breached area 

Excavating, logging, and sampling five test trenches 

Drilling, logging, and sampling 13 test borings 

Performing laboratory tests including sieve analyses, Atterberg limits, standard proctors, and 
consolidation tests 

Evaluating and analyzing the data collected to determine possible causes of the void and 
cracks 

In Test Trench PI, a sandy clay or silty sand with trace amounts of gravel was observed. 
Cracking and a flow channel (seepage pipe) was noted. 

Test trench P2 was excavated in the breached area near the downstream toe of the dam at 
about Station 478+68 and extended horizontally about 18 feet west into the dam from the 

600996001R-Data Summary 
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toe. The excavation encountered a very dense clayey sand embankment fill. A horizontal 0.2 
to 0.6-foot-thick layer of gravelly sand with some clay was encountered in the fill near the 
bottom of the test trench (at about elevation 1338.2 feet). 

Test trench P3 (breach area) was excavated downstream toe of the dam at about Station 
479+ 47 and extended horizontally about 14 feet west into the dam from the toe. However, a 
horizontal, 0.3 to 0.7 foot thick gravelly sand with some clay layer was encountered in the 
fill near the test trench bottom at about elevation of 1338.5 feet. 

Test Trench P4 was excavated in the down stream toe of the dam at about Station 480+00 
and extended horizontally about 12 feet west into the dam from the toe. The excavation en- 
countered a dense clayey sand embankment fill which extended down below the toe of the 
embankment approximately 1.5 feet. The fill was underlain by silty to clayey sand with 
some gravel. These Holocene alluvial soils were medium dense and contained low plasticity 
fines. 

Test trench P5 was excavated in the downstream toe of the dam at about Station 480+50 and 
extended horizontally about 13 feet west from the toe. The excavation encountered a dense 
clayey sand embankment fill which extended down below the toe about two feet. The fill 
was underlain by silty to clayey sand with some gravel. These Holocene alluvial soils were 
medium dense i d  cintainedliw plasticity fines. - 

Generally, the 13 borings encountered fills consisting of silty or clayey sands, trace gravels, 
or sandy-clays. Soil moisture contents were described as nearly dry to damp. 

Laboratory test results of the samples indicated that the soils were generally sandy clays or 
clayey sands, had a low to medium collapse potential, were low to medium plasticity, and 
had maximum densities of about 122 pounds per cubic foot. 

Field work in the void area discovered a network of voids/flows channels and associated 
block cracks in a sandy clay zone which is part of embankment fill. 

CONCLUSIONS: 

Surface water enters a cracklvoid network from the original void in the ditch at the dam 
face/access road interface and from the vertical cracks that daylight in the disturbed surface 
material on the dam face. 

The water/moisture is probably dissipated by the underlying silty sand layer and probably 
percolates into the foundation materials. 

The crack network is located south of the surveyed area, likely just south of the eroded 
breached area. 
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During construction of the access road, this area was kept covered, which retarded desicca- 
tion of the clay deposit containing the voids and cracks. 

During the breach this network may have undergone additional drying from the north side. 

The network of voidslflow channels and associated block cracking, if connected to the cen- 
ter filter drain, could act as a discharge for the center filter drain. 

No relationship has been identified between the breach area and the void area. 

Findings and conclusions related to the breach of the dam include: 

COE designed and constructed two breaches of McMicken Dam. 

During the exploration for the breach area, two test trenches P2 and P3 were excavated in 
the downstream face of the dam at the toe. These test trenches did not encounter the same 
material as the test trench P1 in the void area. 

The breach contained a concrete sill which extended five feet below the breach. 

The center filter drain bottom was at an elevation below the bottom of the breach. Thus, the 
relatively clean granular layer encountered in test trenches P2 and P3 cannot exist any fur- 
ther west than the sill or the sill backfill or the center filter drain depending on whether or 
not the sill was removed. 

RECOMMENDATIONS: 

Water entering the void network with sufficient head could result in piping of the dam mate- 
rial downstream of the center filter drain. Therefore the void should be treated in the same 
manner and priority as the other cracks encountered. 

The void area should be visually inspected on a daily basis by the District when impound- 
ment levels are higher that elevation of 1,340 feet. 

Line the main source of water using gunite, asphaltic concrete, or cast-in-place concrete so 
as to limit concentrated surface flows in the downstream face above the access road from 
entering and potentially enlarging the void network. 

Regarding the breached area, no additional work in this area is needed since the soil type 
encountered here is considered to have low seepage potential. 

60099600 1R-Data Summary 
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1" = 1' 
@ Fill - Sandy Clay, Trace Gravel & 

Some Roots, Soft to Stiff (CL) 
@ Fill - Sandy Clay, Trace Gravel, 

Very Stiff to Hard (CL) 
@ Fill - Silty Sand, Trace Gravel, 

Dense, Low Plasticity Fines 

Test Trench P1 - Stage 3 
Looking South at South Wall 

1350- 
.North Hole . - - 1350 

1340- 

' Hole and Crack (South Hole) 



Section B - B' 
478+75 

1390 
3VD 29) - 

1370 - 
- 1370 

Center F~lter Dram 

1350 - 

1330 - Boltom of Breach 
Concrete St11 - (Elevat~on 1340') -L (Bottom Elevat~on 1,335') 

1310 - 
- 1310 

3 
80 100 

160 

Section B - B' (Scale 1' = 203 

7 i 7 1 n n  

1111 Relatively Clean Granular Layer 



Section C - C' 
479+50 

1390 
(NGVD 29) - 

A 
, Center Filter Drain 

1330 - Bottom of Breach 
(Elevation 1 340') (Bottom Elevation 1,335': 

Relatively Clean Granular Layer 

80  100 

Section C - C' (Scale 1" = 20') 



TEST BORING LOG 

BORING NO. 478+00 U DATE: 8-20-03 BY: DM 
PROJECT NAME: Dam Repair SHEET NO. 1 OF 1 

Principal Spillwav at McMicken Dam GROUND ELEV. 1339.25' (NGVD 29) 
~ ~ 

LOCATION: Sta. 478+08: Upstream Toe W.T. ELEV. None Encountered 
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TEST BORING LOG 
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TEST BORING LOG 

R.A.M. Project No: GO8912 - Supplement 
A14 



TEST BORING LOG 

R.A.M. Project No: GO8912 - Supplement A 15 



TEST BORING LOG 

BORING NO. 478+75 C DATE: 8-1 9-03 BY: DM 
PROJECT NAME: Dam Repair SHEET NO. 2 OF 2 

Principal Spillwav at McMicken Dam GROUND ELEV. 1360.80' (NGVD 29) 
LOCATION: Sta. 478+68; 8' 6" L W.T. ELEV. None Encountered 

R.A.M. Project No: GO8912 - Supplement A16 
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TEST BORING LOG 

BORING NO. 478+75 DT DATE: 8-20-03 BY: DM 
PROJECT NAME: Dam Repair SHEET NO. 1 OF 1 

Principal Spillwav at McMicken Dam GROUND ELEV. 1340.00' (NGVD 29) 
LOCATION: Sta. 478+68; 14' L of Offset Fence Post Aliqn. W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drilling 

Y 2; e 
a BIows/Foot 8 . o - 

a 
. - 

8 k ,. 
,a Z h  8 2  z 3 8 ~~~a $ 2  35 Description 

D c  
c3. 

V) 2 s 
CI N/R n S 

SC Fill: Clayey Sand, Trace to Some Gravel; - 50 R 119 3 brown, nearly dry, medium dense to dense, - 
- 39 R 118 6 well compacted, medium plasticity fines. - 
- 28 R 110 6 - 
- 26 R 114 6 - 

5 26 R los 6 SC-SM Clayey Silty Sand, Trace to Some Gravel; 5 - 
5019" R 113 6 brown, nearly dry, medium dense to very d e n s c  

- light cementation. - 50/9" R 110 5 - 
21 R 119 5 

- 
- 

22 R 118 4 - 
- 

10 
14 R 94 3 - 

10 
Stopped at 10 feet. 

- No groundwater observed. - 
- - 
- -. 
- 

15 
-, 

15) 
- -. 
- -. 

- -. 

- 
20 

-. 

20 

- -. 

- -. 

- -. 

- 
25 

-. 

25 

- -. 

This boring log represents the conditions encountered on the date of drilling at 
this particular location. No other warranty is expressed or implied to the actual 
conditions which may exist within the vicinity of this boring location. 
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TEST BORING LOG 

R. A.M. Project No: GO8912 - Supplement A24 

BORING NO. 479+50 DATE: 6-1 6-03 BY: DM 
PROJECT NAME: Dam Repair SHEET NO. 1 OF 1 

Principal Spillway at McMicken Dam GROUND ELEV. 1339.60' (NGVD 29) 
LOCATION: Sta. 479+47.3; R58' (ML) W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drilling 

Description 

* Sample to disturbed to determine density. 

c 
0 . - 

%j 3 
& 
.zEJ 
3 %  U z  

s? .. 
2 
g 2  c 

0 

A 
Y 

.- V] 

g 
0 a 
i? 
n 

a 
z g  

2 c 
V) 

0 
" 
2 

S 

B 

BlowsIFoot 

c N/R 



TEST BORING LOG 
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LABORATORY TEST RESULTS 

SAMPLE SOURCE: 

TESTING PERFORMED: 

Date: 4-Jan-04 
Sta. 478+00 @ 12.5'-13.5' 

Compression (ASTM D2434) - Driven Ring Sample 

SAMPLED BY: RAMIMiller 

RESULTS: 
Dry Density (pcf): 109 Moisture Content (%): 3 

REMARKS: 

loo0 
Surcharge Pressure (psf) 

Sample submerged at 1000 psf. 

R.A.M. Project No. GO8912 



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

LABORATORY TEST RESULTS 

Date: 4-Jan-04 
Sta. 478+75 @ 12.5'-13.5' 

Compression (ASTM D2434) - Driven Ring Sample 

RAMIMiller 

Dry Density (pcf): 100 Moisture Content (%): 10 

100 loo0 
Surcharge Pressure (psf) 

Sample submerged at 1000 psf. REMARKS: 

R.A.M. Project No. GO8912 B2 



LABORATORY TEST RESULTS 

Date: 4-Jan-04 

SAMPLE SOURCE: 

TESTING PERFORMED: 

Sta. 479+50 @ 10'-11' 

Compression (ASTM D2434) - Driven Ring Sample 

SAMPLED BY: RAMIMiller 

RESULTS: 
Dry Density (pcf): 11 1 Moisture Content (%): 3 

100 loo0 
Surcharge Pressure (psf) 

Sample submerged at 1000 psf. REMARKS: 

R.A.M. Project No. GO8912 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

As noted below 

Sieve Analysis, Percent Passing No. 200 Sieve, Atterberg Limits 
(ASTM C136, D l  140, D4318) 

RAMIMiller 

R.A.M. Project No. GO8912 B4 



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

LABORATORY TEST RESULTS 

Date: 4-Jan-0 

As noted below 

Sieve Analysis, Percent Passing No. 200 Sieve, Atterberg Limits 
(ASTM C136, Dl  140, D4318) 

RAMIMiller, Holck 

R.A.M. Project No. GO8912 





McMicken Dam Embankment Repairs 

P1 - West Wall above Hole 

Liquid Limit: 32 

Plastic Limit: 15 

Plasticity Index: 17 

100 10 1 0.1 0.01 
Particle Diameter (rnm) 

R.A.M. Project No. GO8912 B7 



McMicken Dam Embankment Repairs 

P1 - West Wall below North Hole 

Liquid Limit: 21 

Plastic Limit: 19 

Plasticity Index: 2 

Particle Diameter (rnm) 

R.A.M. Project No. GO8912 B8 



McMicken Dam Embankment Repairs 

P1 - Cut above Crack 

Liquid Limit : 3 1 

Plastic Limit: 15 

Plasticity Index: 16 

1 
Particle Diameter (mm) 

R.A.M. Project No. GO8912 



100 10 0.1 0.01 1 
Particle Diameter (mm) 
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McMicken Dam Embankment Repairs 

P1 - Below Crack 

Liquid Limit: 31 

Plastic Limit: 15 

Plasticity Index: 16 

100 10 1 0.1 0.01 

Particle Diameter (rnm) 

R.A.M. Project No. GO8912 B11 



McMicken Dam Embankment Repairs 

P2 - Gravel 

Liquid Limit : 

Plastic Limit: 

Plasticity Inde 

10 1 0.1 
Particle Diameter (rnm) 

R.A.M. Project No. GO8912 



McMicken Dam Embankment Repairs 

P2 

Liquid Limit: 31 

Plastic Limit: 17 

Plasticity Index: 

00 10 0.1 0.01 1 
Particle Diameter (rnrn) 

R.A.M. Project No. GO8912 B13 



R.A.M. Project No. GO8912 

McMicken Dam Embankment Repairs 

Liquid Limit: 25 

Plastic Limit: 16 

Plasticity Index: 9 

1 
Particle Diameter (rnrn) 



McMicken Dam Embankment Repairs 

P3 - Gravel 

Liquid Limit: 29 

Plastic Limit: 19 

Plasticity Index: 10 

100 10 0.1 0.01 1 
Particle Diameter (rnrn) 

R.A.M. Project No. GO8912 B15 



R.A.M. Project No. GO8912 

McMicken Dam Embankment Repairs 

C-33 Sand 



McMicken Dam Embankment Repairs 

Sta. 478-00 Stockpile 

100 Liquid Limit: 22 

10 1 0.1 
Particle Diameter (rnm) 

R.A.M. Project No. GO8912 

Plastic Limit: 17 

Plasticity Index: 5 



McMicken Dam Embankment Repairs 

Borrow Area 

Liquid Limit: 21 

Plastic Limit: 15 

Plasticity Index: 6 

1 

Particle Diameter (mrn) 

R.A.M. Project No. GO8912 



McMicken Dam Embankment Repairs 

Sta. 478+00 @ 0'-5' 

1 

Particle Diameter (rnrn) 

Liquid Limit: 29 

Plastic Limit: 16 

Plasticity Index: 13 

R.A.M. Project No. GO8912 



McMicken Dam Embankment Repairs 

Sta. 478-1-00 @ 10'-15' 

Liquid Limit: 

Plastic Limit: 

Plasticity Inde 

I 

100 10 0.1 0.01 1 
Particle Diameter (rnm) 

R.A.M. Project No. GO8912 B20 



McMicken Dam Embankment Repairs 

Sta. 478+00 @ 15'-20' 

t 

100 10 0.1 0.01 1 
Particle Diameter (mrn) 

R.A.M. Project No. GO8912 

Liquid Limit: 29 

Plastic Limit: 17 

Plasticity Index: 12 



R.A.M. Project No. GO8912 

McMicken Dam Embankment Repairs 

Sta. 478+75 @ 0'-5' 

Liquid Limit: 26 

Plastic Limit: 16 

Plasticity Index: 10 



McMicken Dam Embankment Repairs 

Sta. 478+75 @ 5'-10' 

100 10 1 0.1 0.01 
Particle Diameter (rnm) 

R.A.M. Project No. GO8912 

Liquid Limit : 26 

Plastic Limit: 16 

Plasticity Index: 10 



McMicken Dam Embankment Repairs 

Sta. 478+75 @ 10'-15' 

Liquid Limit: 25 

Plastic Limit: 18 

Plasticity Index: 7 

R.A.M. Project No. GO8912 



McMicken Dam Embankment Repairs 

Sta. 478+75 @ 15'-20' 

Liquid Limit: 28 

Plastic Limit: 18 

Plasticity Index: 10 

100 10 1 0.1 0.01 

Particle Diameter (mrn) 

R.A.M. Project No. GO8912 B25 



McMicken Dam Embankment Repairs 

Sta. 479+50 @ 0'-5' 

Liquid Limit: 27 

Plastic Limit: 16 

Plasticity Index: 11 

10 1 0.1 
Particle Diameter (rnrn) 

R.A.M. Project No. GO8912 



McMicken Dam Embankment Repairs 

Sta. 479+50 @ 5'-10' 

Liquid Limit: 25 

Plastic Limit: 17 

Plasticity Index: 8 



McMicken Dam Embankment Repairs 

Sta. 479+50 @ 10'-15' 

Liquid Limit: 31 

Plastic Limit: 19 

Plasticity Index: 12 

10 1 0.1 
Particle Diameter (mm) 

R.A.M. Project No. GO8912 



McMicken Dam Embankment Repairs 

Sta. 479+50 @ 15'-20' 

Liquid Limit: 34 

Plastic Limit: 18 

Plasticity Index: 16 

1 

100 10 1 0.1 0.01 
Particle Diameter (mrn) 

R.A.M. Project No. GO8912 
B29 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: P1 - South 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

RESULTS: 
Maximum Density (pcf) = 122.2 Optimum Moisture (%) = 11.9 

- 

Zero Air Voids 
(G, = 2.65) 

7 9 11 13 15 17 
Moisture Content (%) 

R.A.M. Project No. GO8912 ~ ? n  



SAMPLE SOURCE: 

TESTING PERFORMED 

SAMPLED BY: 

LABORATORY TEST RESULTS 

P2 

Maximum Density 

RAMIMiller 

Date: 

-Optimum Moisture Determination (ASTM D698 Method 

RESULTS: 
Maximum Density (pcl-) = Optimum Moisture (5%) = - 12.4 

R.A.M. Proiect Nn M 8 9 1 7  

Zero Air Voids 
(G, = 2.65) 

i 

I 

Moisture Content (%) 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: P3 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

RESULTS: 
Maximum Density (pcQ = Optimum Moisture ( I )  = 11.7 

Moisture Content (%) 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: McMicken Dam Embankment Repairs: Borrow Area 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIHolck 

RESULTS: 
Maximum Density (pcf) = 121.9 Optimum Moisture (%) = 10.9 - 

I 
I 
I 
I 
i 
I 
I 

Zero Air Voids 
(G, = 2.65) 

5 7 9 11 13 15 
Moisture Content (5%) 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: McMicken Dam Embankment Repairs: Stockpile, Sta. 478+00 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMJHolck 

RESULTS: 
Maximum Density (pcf) = 121.3 Optimum Moisture (%) = 11.6 

R.A.M. Prqject No. GO8912 

Zero Air Voids 
(G, = 2.65) 1 



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

LABORATORY TEST RESULTS 

As noted below 

Sieve Analysis, Percent Passing No. 200 Sieve, Atterberg Limits 
(ASTM C136, D1140, D4318) 

RAMIMiller, Holck 

Date: 4-Jan-1 

RESULTS: 



LABORATORY TEST RESULTS 

Date: 

As noted below 

Sieve Analysis, Percent Passing No. 200 Sieve, Atterberg Limits 
(ASTM C136, Dl  140, D4318) 

RAMJMiller, Holck 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: Sta. 479+50C @ 0-10' (Composite of 0-5' and 5'-10') 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

RESULTS: 
Maximum Density (pcf) = 123.7 Optimum Moisture (%) = 11.4 

R.A.M. Project No. GO8912 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: Sta. 479+50C @ 10-20' (Composite of 10- 15' and 15'-20') 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiiler 

RESULTS: 
Maximum Density (pcf) = 124.3 Optimum Moisture (%) = 10.2 

I 5 7 9 I I 13 15 

I Moisture Content (X) 

R.A.M. Prqject No. GO8912 - a - 





Data Summary Report 
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Project No. 600996001 

DOCUMENT TITLE: Wittmann Area Drainage Master Study Update (ADMSU); Land Subsi- 
dence and Earth Fissure Investigation Report. 

DATE: January 30,2004 

PREPARED BY: Geotechnical Consultants, Inc. 

PURPOSE: 

Report presents evaluation of land subsidence and earth fissures within Wittmann ADMSU. De- 

termines whether there is an ongoing process land subsidence and earth fissuring or there is no 

credible evidence of the potential for land subsidence and earth fissuring. 

OBJECTIVES: 

Assess historic and current land subsidence within and adjacent to the study area. 

Identify suspect and known earth fissures within and adjacent to the study area. 

Make appropriate recommendations in regards to the subsidence and earth fissure phenom- 
ena that could potentially impact hture development within the Wittmann ADMSU. 

SUMMARY: 

Subsidence rates approximated as 11100- to 112-foot per 10-foot of groundwater elevation 
drop. 

Three categories of subsidence: active, residual, and total subsidence. Active is induced by 
groundwater over-pumping. Residual subsidence continues after groundwater levels stabi- 
lize. Cumulative subsidence (total) is measured after residual subsidence is zero. 

Level Line Data: NGS data dates back to 1905 (Appendix SU-6) 

Level Lines L21029 & L245512 follow Beardsley Canal & McMicken Dam alignment. 

USBR Level Line Data tie into bedrock benchmarks. Measures 0.35 feet of subsidence near 
McMicken primary outlet (1 97 1 to 1986). 

The District data (2001) shows 0.9 ft  of subsidence for Dam Crest from 1985 to 2001. 

The District annually performs crest surveys of McMicken Dam 

600996001 R-Data Summary 
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Gravity surveys reveal buried bedrock highs and bedrock drop-offs 

Earth fissures have only been documented at southern end of dam, near Fenne Knoll. 

CONCLUSIONS AND RECOMMENDATIONS: 

There is an ongoing process of land subsidence occurring within portions of the Wittmann 
ADMSU study area. Earth fissuring appears to be ongoing in the vicinity of McMicken 
Dam. Fissuring could extend into other areas as the subsidence process continues to respond 
to groundwater mining. 

Due to anticipated urban growth, there is credible evidence to suggest the potential for future 
land subsidence and earth fissuring. 

Mountains and shallow bedrock areas within Wittmann ADMSU will not be affected by sub- 
sidence and earth fissuring. 

The greatest historical subsidence is documented in the Sun City West area along the 
McMicken Dam-Beardsley Canal corridor between Fenne knoll and US 60. 

InSAR imagery between 1996 and 2000 confirms that subsidence is ongoing within study 
area. 

The only documented earth fissure is located at south end of McMicken Dam, north of 
Fenne Knoll. 

Between 1900 and 1998 the groundwater elevation has declined 75 to 100 feet. Between 
Circle City & Hassayampa River the groundwater elevation increased 25 feet over same pe- 
riod. Southeast of Beardsley Canal, the groundwater elevation has declined 125 to 275 feet. 
A groundwater gradient exists between Wittrnann sub-basin and West Salt River Valley sub- 
basin. Anticipated urban development will increase the rate at which the groundwater eleva- 
tion is dropping. 

Additional recommended studies 

o Determine if future land subsidence and earth fissuring could develop in response to 
large GWT withdrawals. 

o Evaluate potential effectslimpacts of future subsidence and earth fissuring. 

o Estimate rate and magnitude of potential subsidence and location of potential earth fis- 
sure risk zones. 

o Evaluate potential effects on surface water hydrology and engineered drainage systems. 

600996001R-Dala Summary 
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DOCUMENT TITLE: McMicken Dam: Geotechnical Investigation of Principal Spillway 

DATE OF REPORT: April 1,2004 

PREPARED BY: R.A.M (Project # G08912) 

PURPOSE: 

To evaluate, investigate, analyze, and review the following conditions that have been noted at 

McMicken Dam's Principal Spillway. These conditions include: 

A transverse crack on the dam crest at Station 474+20 (up and down stream slopes), 

Differential movements noted at wall joints along different sections of the principal spillway 
channel, 

Displacement and crushing of drainage pipes that are to relieve uplift and hydrostatic pres- 
sures on the bottom and sides (respectively) of the stilling basin, and 

A discrepancy between the as-built plans and some observations regarding the extent of the 
center filter drain near the principal spillway. 

SUMMARY: 

Field exploration activities included: 

A video inspection of the stilling basin drainage system. 

Fourteen vacuum truck excavations were advanced to delineate the extents of the center fil- 
ter drain in the vicinity of the principal spillway. One vacuum boring was advanced to 
observe two holes noted in the dam crest (Approx Sta. 474+16.5). One vacuum boring was 
advanced to define the geometry and location of the south vertical cut-off wall (boring HI). 
Another vacuum boring was advanced to observe the backfill behind the channel walls. 
Thirteen vacuum borings were advanced north and south of the stilling basin section, "in or- 
der to define material types and lateral/vertical extent of pervious backfill zone against the 
stilling basin and canal channel walls." 

Seven test pits were excavated to observe items around the spillway. Five of the trenches 
excavated were to evaluate the backfill soils behind the stilling basin and canallsiphon walls. 
Two test pits were made in the outlet channel, downstream of the Principal Spillway, pre- 
sumably to observe the soil conditions. 

Five test borings were advanced for this study. One boring (TDI) was drilled on the crest of 
the dam near the centerline to evaluate the "condition and type of structural backfill used." 

600996001R-Data Summary 
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Four borings were advanced adjacent to the stilling basin and canallsiphon sections of the 
spillway to observe the backfill soils, "determine the presence of or lack of water adjacent to 
the walls, and to install standpipe type piezometer for use in long term monitoring of the wa- 
ter in the backfill." 

The lateral movements in the spillway channel walls were measured by stretching a tape 
across the top of the channel and measuring the distance across the principal spillway at 
each wall joint. Measurements were made at the top of the walls, from inside face to inside 
face, and on either side of each wall joint. 

An MCI fiber optic line crosses over the top of the principal spillway and a Broadwing 
Communications fiber optic line crosses the riprap lined outlet channel approximately 30 
feet east of the east end of the stilling basin section. 

Three outlets from the center filter are located near the principal spillway at Stations 
470+00,475+60, and 485+00. 

Laboratory tests were performed on selected soils samples obtained during the field exploration 

program. Laboratory analyses included: consolidation potential (R.A.M. calls them compression 

tests), grain-size distribution, Atterberg limits, standard proctors, dry densities/moisture contents. 

Sub-floor drain pipes designated as IN, 2N, 4N, 4S, &7N are clogged by soils and weeds at 
approximately the stilling basin floor elevation. Drain pipe 7s is choked with soil and bro- 
ken about three feet from the wall face (therefore video inspection was blocked). Some of 
the piping that makes up the wall back-drains was laid with perforations downward rather 
than upward as shown on the as-built plans. Sediment build up in the pipes indicates that lit- 
tle to no seepage has flowed from the backfill to the stilling basin, but rather that water 
flows into the backfill from the stilling basin. Displacement is apparent at many of the pipe 
joints throughout the drainage system (R.A.M. suggests that the displacements are likely due 
to settlement of the surrounding structural backfill). 

No perched water or groundwater was found during any phase of field exploration. 

Density tests performed on backfill materials indicated relative compaction values of 81 to 
94 percent (using ASTM D698-00 - see page 16 of the report for specific results). Soils ob- 
served in boring TDl were classified as clayey sand with some gravel (from 0 to 25 feet 
below ground surface [bgs]) and silty sand with some gravel from 25 to 30 feet bgs. These 
soils were evaluated to be structural backfill and corresponded to the as-built plans. The 
structural backfill was generally dense at the surface and medium dense to loose as depth in- 
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creased. Native clayey soils were observed to underlie the structural backfill and some light 
to moderate cementation was noted. 

In four test borings advanced adjacent to the stilling basing channel walls, silty or clayey 
sand with gravel was encountered and was deemed to be pervious backfill material. Pervious 
backfill material extended to depths ranging from 22 feet bgs to 34 feet bgs. In each boring, 
except test boring 2, native clayey sand with some cementation was generally observed be- 
low the structural backfill. In test boring 2, a low strength concrete was encountered fiom 30 
to 32 feet bgs, which in turn, was underlain by native clayey sand. 

Channel widths were compared to the designed widths to estimate wall movements. Top of 
wall movements ranged fiom 0.25 inches to 4 inches in an inward direction. Refer to page 
19 and 20 of the report for specific results. 

Based on a review of the data, it appears that the stilling basin section, canal siphon and out- 
let channel were all designed so that all minor flows would fill the stilling basin area to a 
depth of five feet before flows discharge through outlet channel. 

Any flows in excess of this volume will also discharge water into the drainage system below 
the floor and behind the stilling basin walls. 

The dam center filter drain does not extend to the principal spillway. It is 23.5 feet north of 
the northern edge of the principal spillway and 28.1 feet south of the south edge of the prin- 
cipal spillway. 

Some variations were apparent between the as-built plans and construction specifications, 
and field observations. These included: (1) The pervious backfill zone behind the cantilever 
walls in the stilling basin section and the east part of the chute section does not exist as 
shown on the plans; (2) The structural backfill zone in the embankment part of the principal 
spillway was not compacted to the intent of he specifications; (3) the drainage systems be- 
hind and parallel to the walls were placed with the perforations down instead of up and the 
pipe extended further behind the wall than specified in as-builts; (4) The center filter drain 
does not intersect the principal spillway; and (5) the center filter drain outlet pipes locations 
in the field are 475+60 for outlet #60 and 482+72 for outlet #61. 

CONCLUSIONS 1 RECOMMENDATIONS: 

The conclusions and recommendations related to the underhack drainage system include: 

Limit further impairment and backfill movements by backfilling the open part of the system 
with sand. 

After sand has been placed, open ends of the pipe in the stilling basin walls should be 
equipped with PVC, brass or stainless steel screens or with a filter fabric to limit contami- 

600996001R-Data Summary 
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nating of sand with sediment and to prevent material from being removed through the open 
pipes 

The conclusions and recommendations related to transverse cracking include: 

Grout the structural backfill zone on the north and south side of the principal spillway chan- 
nel (extending 4 feet out normal to the channel wall). The grouted section should be about 
24.5 feet wide (in a transverse direction) extending form the west boundary of the 
bridgelweir section to the east face of the bridge; and extend from the bottom of the struc- 
tural backfill zone to the top of the center filter drain. The grout should be a urethane type 
grout to reduce weight and permeability. 

The area behind the stilling basin walls fiom the toe of the dam to the canal channel walls of 
the canal siphonlstilling basin section and fiom the stilling basin walls for a horizontal dis- 
tance of 60' from the face of the bridge should be lowered uniformly to an elevation of 1,337 
feet. 

A surface filter blanket should be installed in the downstream face of the dam on either side 
of the principal spillway. 

The conclusions and recommendations related to the wall movements include: 

Wall movements are probably related to original design. 

Wall movements probably occurred during construction. 

Some additional movements may have occurred when flows of sufficient volume occurred 
in the principal spillway that caused water to enter the drainage system behind the walls and 
under the floor. 

Rainfall might have wetted the structural backfill and other backfill zones around the struc- 
ture causing movements. 

A three-part monitoring system should be established to evaluate wall movements. One part 
utilizes piezometers, one part involving periodic cross-channel measurements at various 
joints along the tops of walls, and the third part taking periodic measurements of the relative 
offsets at adjacent joints. Measurements should be taken after storm events. 

District should review all readings to determine if wall movements are occurring and what 
the magnitude of the movements are and what action should be taken if any. 
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RICKER, ATKINSON, MCBEE & ASSOCIATES, INC. 
GEOTECHNICAL SERVICES 

PIEZOMETER LOG 

PIEZOMETER NO. 1 DATE: 6- 17-03 BY: DM 
PROJECT NO. GO8912 GROUND ELEV. 1,338.6' 
PROJECT NAME: Principal Spillway W.T. DEPTH None Encountered 

McMicken Dam DRILLER: D & S Drilling 
LOCATION: --- ADWR REGISTRATION NO.: 55-598515 
DRILL EQUIPMENT: CME 75 FILE NO. B (4-2) 24 BCA 

Using 8"-Dia HSA 

Cement - Bentonite Grout 

Pervious Backfill Bentonite Seal 

1 .On PVC Riser Pipe (Schedule 80) 

Hole Diameter Approximately 8.0" 

ASTM C33 Sand Backfill 

I .On x 15' Slotted Pipe 

R.A.M. Project No. GO8912 



RICKER, ATKINSON, MCBEE 8 ASSOCIATES, INC. 
GEOTECHNICAL SERVICES 

PIEZOMETER LOG 

PIEZOMETER NO. 2 DATE: 6-1 7-03 BY: DM 
PROJECT NO. GO8912 GROUND ELEV. 1,337.0' 
PROJECT NAME: Principal Spillwav W.T. DEPTH None Encountered 

McMicken Dam DRILLER: D & S Drilling 
LOCATION: --- ADWR REGISTRATION NO.: 55-59851 6 
DRILL EQUIPMENT: CME 75 FILE NO. B (4-2) 24 BCA 

- 51.0' Not to Scale I 
R.A.M. Project No. GO8912 A22 



RICKER, ATKINSON, MCBEE 8 ASSOCIATES, INC. 
GEOTECHNICAL SERVICES 

PIEZOMETER LOG 

PIEZOMETER NO. 3 DATE: 6-1 8-03 BY: DM 
PROJECT NO. GO891 2 GROUND ELEV. 1,339.6' 
PROJECT NAME: Principal Spillway W.T. DEPTH None Encountered 

McMicken Dam DRILLER: D & S Drilling 
LOCATION: --- ADWR REGISTRATION NO.: 55-598517 
DRILL EQUIPMENT: CME 75 FILE NO. B (4-2) 24 BCA 

Usinq 8"-Dia HSA 

I 18" Diameter Traffic Rated 
Depth / Utility Vault (Elevated = 1339.6 feet) 

~ o t  to Scale - 41.0' 

R.A.M. Project No. GO8912 A23 



RICKER, ATKINSON, MCBEE & ASSOCIATES, INC. 
GEOTECHNICAL SERVICES 

PIEZOMETER LOG 

PIEZOMETER NO. 4 DATE: 6-1 8-03 BY: DM 
PROJECT NO. GO891 2 GROUND ELEV. 1,338.0' 
PROJECT NAME: Principal Spillway W.T. DEPTH None Encountered 

McMicken Dam DRILLER: D & S Drilling 
LOCATION: --- ADWR REGISTRATION NO.: 55-59851 8 
DRILL EQUIPMENT: CME 75 FILE NO. B (4-2) 24 BCA 

Using 8"-Dia HSA 

Cement - Bentonite Grout 

Bentonite Seal 

1 .Ow PVC Riser Pipe (Schedule 80) 

Hole Diameter Approximately 8.0" 

ASTM C33 Sand Backfill 

I .Ow x 15' Slotted Pipe 

TIP Elevation = 1,288.0 Feet 

R.A.M. Project No. GO8912 A24 



Piezometers 1 to 4 have been read at the following times and no perched water was observed or 

measured; 6- 1 8-03,s-20-03, 10-20-03 and 12-20-03. 

Principal Spillway Wall Movements: 

The top of the north and south walls along the principal spillway have undergone various 

movements. The magnitude of the movements was determined by measuring the distance across 

the principal spillway at the top of the walls inside face on either side of each wall joint with a 

tape and by measuring the difference across a joint on the inside face. The joint numbers are 

shown on the Site Plan (page A1 in Appendix A). The joint numbers are based on N is north 

wall, S is south wall, 1 is the first wall joint starting in the middle of the entry channel section 

and increasing to the east. The following tables present the results of these measurements: 

Distance Between North and 
South Walls 

Measured Width Difference** 

Joint to Design Design West East West East 
Joint Location Height Width Side* Side* -- Side* Side* 

IN-1 S Middle of entry 11.92' 20'-0" 19'-11 %" 19'-11 W 'A" !4" 
channel 

2N-2s Entry channel to 22.91, 20'-0" 19'-10" 19'-11 !4" 2" K' 
bridgelwier 

3N-3s Bridgelwier to chute 22.75' 20'-0" 19'-10 %" 19'4 %" 1 %" 3 %" 

4N-4s Middle of chute 19.4' 25'-0" 24'- 8 W 24'-9" 3 !4" 3" + 5N-5s Chute to stilling 20.5' 30'-0" 29'-8 '/2" 29'-8" 3 ?4" 4" 
basin 

6N-6s Middle of stilling 20.5' 30'-0" 29'43 '/2" 29'-8 3/4" 3 K' 3 ?4" 

Z 
basin 

7N-7s Stilling basin to ' 20.5' 30'-0" 29'-10" 29'-11%" 2" %" 
canal siphonlstilling 
basin 

* Side of joint. 
** Between design and measured. 

Contract FCD 2001C049, Work Assignment No. 6 - PCN 050.42.32 
R.A.M. Project No. GO8912 - April 1,2004 



Joint Measured Difference Across Joint 

1N 1/16" 
1 S 114" 
2N 314" 
2 S 1" 

3N 1 318" 
3 s  1 318" 
4N 118" 

4 s  0 
5N 0 
5 S 114" 
6N 114" 

6 s  118" 

7N 518" 
7 s  7/16" 

All of the walls are cantilevered except for: 

1. The east side of Joints 2N and 2 s  and the west side of Joints 3N and 3 s  which are 

bridgelwier sections. In this section the bridge and the wier beam restrain the top of the wall 

from moving. 

2. The east side of Joints 7N and 7 s  which is the canal siphodstilling basin section. Both ends 

of the upper stilling basin part of the section are restrained by the west and east Beardsley 

Canal channel walls which are structurally tied to and are perpendicular to the stilling basin 

walls. In addition, a 5-foot wide (horizontal) sidewalk spans between the channel walls and 

is structurally tied to the stilling basin wall. 

Side That Moved In 

East 
East 
West 

West 
East 
East 

West 

-- 
East 
West 

West 

West 
West 

Other Site Conditions: 

The following site conditions were also observed: 

1. An MCI fiber optic line crosses over the top of the principal spillway in a 4 M-inch diameter 

steel pipe 14'-4" east of Joint 5N and 15'-2" east of Joint 5s. The line is buried from the 

Contract FCD 2001C049, Work Assignment No. 6 - PCN 050.42.32 
I R.A.M. Project No. ~ 0 8 9 1 2  - ~ ~ r i l l , 2 0 0 4  



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

LABORATORY TEST RESULTS 

Date: 31-Mar-04 
H1 @ 5.5'-6.5' 

Compression (ASTM D2434) - Driven Ring Sample 

Dry Density (pcf): 103 Moisture Content (%): 4 

REMARKS: 

1000 
Surcharge Pressure (psf) 

Sample submerged at 1000 psf. 

R.A.M. Project No. GO8912 B1 



LABORATORY TEST RESULTS 

SAMPLE SOURCE: 
Date: 31-Mar-04 

TD1 @ 25'-26' 

TESTING PERFORMED: Compression (ASTM D2434) - Driven Ring Sample 

SAMPLED BY: RAMIMiller 

RESULTS: 
Dry Density (pcf): 11 1 Moisture Content (%): 9 

1000 
Surcharge Pressure (psf) 

REMARKS: Sample submerged at 1000 psf. 

R.A.M. Project No. GO8912 



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

LABORATORY TEST RESULTS 

Date: 
TDl @ 30'-31' 

Compression (ASTM D2434) - Driven Ring Sample 

Dry Density (pcf): 11 1 Moisture Content (%): 7 

0 

1 

2 

3 

4 

5 

6 

7 
E 
.!$ 8 
V3 

%! 9 a 
10 

U 
a 11 
% 2 12 
a 

13 

14 

15 

16 

17 

18 

19 

20 
100 1000 

Surcharge Pressure (psf) 

REMARKS: Sample submerged at 1000 psf. 

R.A.M. Project No. GO8912 



LABORATORY TEST RESULTS 

Date: 3 1-Mar-04 
SAMPLE SOURCE: 1 @ 25'-26' 

TESTING PERFORMED: Compression (ASTM D2434) - Driven Ring Sample 

SAMPLED BY: RAMIMiller 

RESULTS: 
Dry Density (pcf): 108 Moisture Content (%): 14 

REMARKS: 

1000 

Surcharge Pressure (psf) 

Sample submerged at 2000 psf. 

R.A.M. Project No. GO8912 B4 



LABORATORY TEST RESULTS 

SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

2 @ 40'-4 1 ' 

Compression (ASTM D2434) - Driven Ring Sample 

RAMIMiller 

Date: 31 -Mar-04 

Dry Density (pcf): I10 Moisture Content (%): 3 

Surcharge Pressure (psf) 

REMARKS: Sample submerged at 2000 psf. 

M. Project No. GO8912 B5 



LABORATORY TEST RESULTS 

SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

Date: 
3 @ 25'-26' 

Compression (ASTM D2434) - Driven Ring Sample 

Dry Density (pcf): 104 Moisture Content (%): 13 

0 

1 

2 

3 

4 

5 

G 

7 
d 
0 8 
V1 

9 

3 lo 
U 
3 11 
0 3 12 
a 

13 

14 

15 

16 

17 

18 

19 

20 

100 loo0 loo00 

Surcharge Pressure (psf) 

REMARKS: Sample submerged at 2000 psf. 

Project No. GO8912 
, 



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

RESULTS: 

LABORATORY TEST RESULTS 

Date: 3 I-Mar-04 

4 @ 25'-26' 

compression (ASTM D2434) - Driven Ring Sample 

RAMJMiller 

Dry Density (pcf): 117 Moisture Content (%): 12 

Surcharge Pressure (psf) 

REMARKS: Sample submerged at 2000 psf. 

._ 
a R.A.M. Project No. GO8912 



SAMPLE SOURCE: 

TESTING PERFORMED: 

SAMPLED BY: 

LABORATORY TEST RESULTS 

Date: 

As noted below 

Sieve Analysis, Percent Passing No. 200 Sieve, Atterberg Limits 
(ASTM C136, Dl 140, D4318) 

RAMIMiller 

-- 

- 
- - - - -  

- 

NP = Non-Plastic * Unified Soil Classification System 

R.A.M. Project No. GO8912 B8 



SAMPLE SOURCE: 

TESTING PERFORMED 

SAMPLED BY: 

RESULTS: 

LABORATORY TEST RESULTS 

Date: 

Composite: TD1 @ 0'-5' & TD1 @ 5'-10' 

Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

RAMIMiller 

Maximum Density (pcf) = 121.7 Optimum Moisture (%) = 

R.A.M. Project No. GO8912 
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LABORATORY TEST RESULTS 

Date: 

Maximum Density (pcf) = 117.3 Optimum Moisture (%) = 12.9 

SAMPLE SOURCE: Composite: TD1 @ 10'-15' & TD1 @ 15'-20' 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

RESULTS: 

I 

~ 

R.A.M. Project No. GO8912 B 10 

Zero Air Voids (G 
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Moisture Content (56) 
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LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: Composite: 1 @ 10'-15' & 1 @ 15'-20' 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

RESULTS: 
Maximum Density (pcf) = 132.2 Optimum Moisture (%) = 8.6 - 

135 

130 

S a - 
X 
4-4 .- 
2 125 
B 
2 n 

120 
Zero Air Voids 

(G, = 2.65) 

115 
4 G 8 10 12 14 

Moisture Content (%) 
---.- 
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LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: Composite: 2 @ 20'-25' & 2 @ 25'-30' 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

Maximum Density (pcf) = 127.4 Optimum Moisture (%) = 9.6 - 

Moisture Content ( 4 6 )  I 
I 

R.A.M. Project No. GO8912 



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: Composite: 3 @ 10'-15' & 3 @I 15'-20' 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMIMiller 

Maximum Density (pcf) = 129.8 Optimum Moisture (%) = 9.4 - 

i 

i 
! 
I 
I 

I 

I 

1 
I 
I 

Zero Air Voids 
(G, = 2.65) 

4 6 8 10 12 14 
Moisture Content (%) 

.- A 

R.A.M. Project No. GO8912 



LABORATORY TEST RESULTS 

Date: 

R.A.M. Project No. GO8912 



SAMPLE SOURCE: 

TESTING PERFORMED 

SAMPLED BY: 

RESULTS: 

LABORATORY TEST RESULTS 

Date: 

Trench A @ 4'-7' 

Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

RAMJTaylor 

Maximum Density (pcf) = 127.7 Optimum Moisture (%) = 9.9 - 

7 -  
- -- 

135 

I 130 I 
- 
A " .- 
2 125 
'5 

' 2  
n 

I 

120 

i 
Zero Air Voids 

(G, = 2.65) 

115 

5 7 9 11 13 15 
Moisture Content (%) 
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SAMPLE SOURCE: 

TESTING PERFORMED 

SAMPLED BY: 

LABORATORY TEST RESULTS 

Date: 

Trench D @ 3'-8' 

Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

RESULTS: 
Maximum Density (pcf) = J3JJ Optimum Moisture (%) = - 9.1 

115 

4 G 8 10 12 14 
Moisture Content (%) 

' Zero AirVoids 
(G, = 2.65) 

R.A.M. Project No. 08912  



LABORATORY TEST RESULTS 

Date: 

SAMPLE SOURCE: Trench G @ 0"-12" 

TESTING PERFORMED Maximum Density-Optimum Moisture Determination (ASTM D698 Method A) 

SAMPLED BY: RAMITaylor 

RESULTS: 
Maximum Density (pcf) = 120.6 Optimum Moisture (%) = 12.3 

125 

j 
i 

120 i 

6 
a - I 

I 
3.. 
4 2  ... 
2 115 
B I 

' Zero Air Voids 1 2 (G, = 2.65) 
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Moisture Content (9%) 
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DOCUMENT TITLE: McMicken Dam: Subsidence Survey Data Review 

DATE OF REPORT: March 14,2005 

PREPARED BY: The District 

PURPOSE: 

Monitor Elevations at specific locations near/on the principal spillway. 

SUMMARY: 

Fourteen locations have been surveyed and compared to the elevations reported in the as-builts. 

FINDINGS: 

Settlement is ongoing in the vicinity of the principal spillway. Maximum settlement is approxi- 

mately 0.83 feet at the southwest comer of the spillway bridge. 

RECOMMENDATIONS: 

N/A 

603996001R-Data Summary 



McMicken Dam 
Subsidence Survey Data Review 

Miscellaneous Elevations 

Notes: 1. Irrigation pipes modified from construction plan details, elevation data for comparison with subsequent survey data unavailable. 
2. Based on a review of the 2002 survey data, MCDOT informed the District that all 2001 positional information for points 10101 to 101 14 were incorrect and should be deleted. 

Description 
CHISELED "X" ON IRRIG. INLET STRUCTURE 
CHISELED "X" ON IRRIG. INLET STRUCTURE 
CHISELED "X" ON IRRIG. OUTLET INVERT 

Table 5-B 
Miscellaneous Structure Point Elevations 

2005- Adj 
As-Built 

- 
- 
- 

Marker 
10002 
10003 
10004 

Flood Control District of Maricopa County 
Structures Management Branch 
Dam Safety Program 

2004- Adj 
As-Built 

- 
- 
- 
- 

-0.753 
-0.749 
-0.821 
-0.806 
-0.755 
-0.672 

- 
- 

2005 Survey 
Print Date 3/14/2005 

Description 
CHISELED "X" ON IRRIG. INLET STRUCTURE 
CHISELED "Xu ON IRRIG. INLET STRUCTURE 
CHISELED "Xu ON IRRIG. OUTLET INVERT 
CHISELED "X" ON IRRIG. OUTLET INVERT 
SCRIBE "X" ON SPILLWAY (Upper Apron, LT) 
SCRIBE "X" ON SPILLWAY (Upper Apron, RT) 
SCRIBE "X" ON SPILLWAY (Roadway Overpass, Top Corners) 
SCRIBE "X" ON SPILLWAY (Roadway Overpass, Top Corners) 
SCRIBE "X" ON SPILLWAY (Roadway Overpass, Top Corners) 
SCRIBE "X" ON SPILLWAY (Roadway Overpass, Top Corners) 
NLRT Nail Right (Old MCDOT Control Nail) 
CIR * SET 112 RB (Control Iron Rod) 

2003- Adj 
As-Built 

-0.988 
-0.944 
-0.882 
-0.823 

Marker 
10002 
10003 
10004 
10005 
10101 
101 02 
101 05 
101 06 
10107 
101 08 
10234 
10235 

Station 
398+24 
387+14 
398+35 

2004 
1335.710 
1335.392 
1332.691 
1332.299 
1336.1 17 
1336.121 
1362.049 
1362.064 
1362.1 15 
1362.198 
1335.757 
1 325.192 

Station 
398+24 
387+14 
398+35 
387+50 
474+50 
474+50 
474+50 
474+50 
474+50 
474+50 
474+50 
474+50 

2002 
1335.771 
1335.402 
1332.71 7 

Northing 
967947.913 
967376.792 
967821.599 
9671 94.554 
974390.445 
974408.460 
974365.444 
974385.392 
974361.379 
974381.037 
974426.685 
974322.923 

Northing 
967947.913 
967376.792 
967821.599 

As-Built 
unavailable' 
unavailable1 
unavailable1 
unavailable' 

1335.000 
1335.000 
1361.000 
1361.000 
1361.000 
1361.000 

- 

Easting 
541 821.301 
540935.033 
541 967.453 
541 020.636 
545839.327 
545846.494 
545900.894 
545908.644 
54591 1.682 
54591 9.264 
545771.225 
546045.439 

2002- Adj 
As-Built 2005 

1335.698 
1335.362 
1332.654 

Easting 
541821.301 
540935.033 
541 967.453 

Adj 
&-Built 

- 

- 
1336.870 
1336.870 
1362.870 
1362.870 
1362.870 
1362.870 

- 

2003 

- 

1361.882 
1361.926 
1361.988 
1362.047 

- 

As-Built 
unavailable' 
unavailable' 
unavailable1 

Adj 
As-Built 

- 
- 

2001 
1335.81 9 
1335.459 
1332.764 

2001- Adj 
As-Built 

- 



McMicken Dam 
Subsidence Survey Data Review 

. . . .. CORPS OF ENGINEERS ' .  

I I~~;CU I j/,es 1 1.951 
12.87 1330.62 3.18 
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Dam Safety Program 

Fiaure 5-1 
2002 - 2005 Survey Point Locations, 

McMicken Dam Principal Outlet Structure 

Spillway & Misc. Elevations 

-0.736 (Stil. Bas.Thrsh. Top, RT) 
-0.667 (Stil. Bas. Thrsh. Bot., LT) 
-0.698 (Stil. Bas. Thrsh. Top, LT) 

2005 Survey 
Print Date 3/14/2005 

Marker 
101 02 
10105 
101 06 
10107 
101 08 

2003 - Adj 
&-Built 

- 
-0.988 
-0.944 
-0.882 
-0.823 

2004 - Adj 
&-Built 
-0.749 
-0.821 
-0.806 
-0.755 
-0.672 

Description 
AVERAGE GROUND 
(Overpass, Top Corners) 
(Overpass, Top Corners) 
(Overpass, Top Corners) 
(Overpass, Top Corners) 
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Reference Marks 

The McMicken Dam Subsidence Surveys, from 1985 through 2005, referenced several different vertical benchmarks. A Datum Shift must be applied to adjust measurements referenced in NGVD 1929 datum to an equivalent elevation in 
NAVD 1988 datum. Benchmarks BED1 and N475 are used to calculate the difference in NGS published elevations from NAVD 1988 to NGVD 1929 in order to determine this Datum Shift. A vertical datum transformation study on 
McMicken FRS was performed in August 2004 to investigate historic benchmarks of record, assess benchmark stability, and determine the permanent standard benchmark shift for this structure. 

Based on the McMicken Vertical Transformation Report, the Datum Shift to NAVD 1988 Elevation equals NGVD 1929 Elevation plus 1.870 ft. The highlighted 1985-1998 elevation values in the "Adjusted" Column for all preceding tables 
reflect this calculation. For additional information on the Datum Shift, please refer to the McMicken Vertical Transformation Report located in the Dam Safety file cabinet, in the McMicken FRS survey folder. 

Table 6-1 
Reference Marks 

Historic 
Bench 
Mark 

Note: 1) The leveling and GPS surveying conducted in 2004 and 2005 utilized different vertical control for each method. A vertical discrepancy between the two control points, BED1 and FRIA-RM4, of -0.039 has been observed by 
the surveyors at Entranco. In order to put the GPS and leveled values on the same basis of elevations, a shift must be applied to the year 2004 and 2005 values. GPS values are shifted to agree with the leveled elevation basis 
due to the much higher accuracy of the leveled elevations. Therefore, 0.039 ft must be subtracted from all GPS derived crest settlement monument elevations. The "Adjustedw 2004 and 2005 Crest Settlement Monument 
columns of the preceding tables reflect this shift. Crest Settlement Monument elevations between Stations 45+00 and 110+00 were derived through leveling and do not require a shift. For more details, please see the 
2005 McMicken FRS Survey Report by Entranco, located in the Dam Safety Library. 

Flood Control District of Maricopa County 
Structures Management Branch 
Dam Safety Program 

Description 

2005 Survey 
Print Date 3/14/2005 

McMicken 
Datum 
Shift 

Historic Benchmark Survey Records 
1985 

(NGVD29) 
2005 

(NAVD88) 
1991 

(NGVD29) 
NGS 29 

(published) 
NAVD 88 

(published) 
1998 

(NGVD29) 
2001 

(NAVD88) 
2004 

(NAVD88) 
2002 

(NAVD88) 
2003 

(NAVD88) 
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Reference Marks 

Table 6-2 below summarizes reference monuments previously surveyed that continue to be monitored for continuity and checks. Each set of monuments are separated by initial survey year to allow for a basis of elevation comparison, 
each having a different reference elevation year. 

I Bench ( 1 2001 1 2 0 0 2  1 2 0 0 3  1 2004 1 2005 
Mark Description (NAVD88) (NAVD88) (NAVD88) (NAVD88) (NAVD88) 
FR14 Brass Cap PID DV1860 1594.750 1594.750 - , 1594.747 1594.747 
H366 Brass Cap PID DV0094 1 M265 1 Brass Cap 

1 COT l ~ r a s s  C ~ D  PID DV1860 1 1361.774 1 1361.708 I - I 1361.65fl I 1361.690 

Mark 1 Description I (NAVD88) I (NAVD88) I (NAVD88) I (NAVD88) I (NAVD88) 
FRIARM3 ICCF * 3.5"AL ADOT P&M CAP STAMPED "FRIA RM3 1947 19861 - 1 1591.970 1 1 1591.988 1 1591.988 

4FD2 NGS 3D MON (9116" STAINLESS ROD DRIVEN TO UNK) I 1327.758 1327.686 I 40C1 I NGS 3D MON (9116" STAINLESS ROD DRIVEN TO 48.5') 1 :  1252.615 1252.571 

Mark Description (NAVD88) (NAVD88) (NAVD88) (NAVD88) (NAVD88) 
MCMCl MCDOT Geodetic Ctrl Cap - 1420.619 1420.619 

I MCMC2 IMCDOT Geodetic Ctrl cab I - I - I - 1 1419.529 1 1419.558 
I MCMC3 IMCDOT Geodetic Ctrl cab I - I - I - ~1425 .089~1425 .118  

Mark Description (NAVD88) (NAVD88) (NAVD88) (NAVD88) (NAVD88) 
D266 CCF 3.5"BWSS USC&GS CAP STAMPED "D266 1948" - - 1368.978 
K366 CCF * 3.5"BRASS USC&GS CAP IN CASING STAMPED "K366 1967" - - 1328.723 
N366 CCF 3.5"BRASS USCGS CAP STAMPED "N366 1967" - 1339.660 
V265 CCF * 3.5"BRASS USCGS CAP STAMPED "V265 1948" - 1338.371 

I 2001 = Reference Elevation 

2002 = Reference Elevation 

2004 = Reference Elevation 
0.029 

i 2005 = Reference Elevation 

Table 6-2 
Reference Marks 

Note: 1 .) In 2004, three new control monuments were set in bedrock: MCMICKEN 1 (MCMCl), MCMICKEN 2 (MCMC2), and MCMICKEN 3 (MCMC3). MCMCl was surveyed to NGS 'A' station precision and is 
used at the benchmark for the optical leveling portion of the 2005 survey. See Figures 6-1 through 6-4, on page 20. 

2.) In 2005, thirteen never before surveyed NGS benchmarks were searched for, but only four were found and surveyed: D266, K366, N366, and V265. 
See Figures 6-5 through 6-8, on page 21. 

Flood Control District of Maricopa County 
Structures Management Branch 
Dam Safety Program 

2005 Survey 
Print Date 311412005 




