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SECTIOK 1.0 mTRODUCTIOK 

1.1 GENERAL PROJECT DESCRIPTION 

This geotechnical report is submitted pursuant to completion of a geotechnical review and 
appraisal by AMEC. Earth & Environmental, Inc. (AMEC) of McMicken Dam and the 
McMicken Outlet Channel and Outlet Wash (McMicken Dam Project). Presented is a summary 
of the geotechnical conditions of the McMicken Dam Project, including its initial construction, 
historic modifications, and geotechnical and geological investigations of the embankment and 
foundation soils. The report describes the geologic setting, original design and construction, 
history of cracking. foundation and embankment geotechnical conditions, historic modifications, 
outlets and penetrations, seismic hazard, and other geotechnically related conditions associated 
with the McMickcn Dam Project. This review was performed for usc by Entellus, Inc. (Entellus) 
and the Flood Control District of Maricopa County (District) in its development and evaluation 
of rehabilitation or dam replacement alternatives. This study was completed for Entellus as part 
of the Wittmann Area Drainage Master Plan (ADMP) project, Contract No. FCD 2004C060. 

1.2 SCOPE OF WORK 

Project details were provided in Exhibit A - Wittmann ADMP Scope of Work with Notice to 
Proceed given on March 17, 2006. The scope of the appraisal included the following specific 
elements: 

Collect and evaluate all available data related to the nature and depth of moisture- 
sensitive, collapsing soils in the shallow geotechnical profile. 

Interpret the geotechnical plan and profile to evaluate the depth of the Holocene soil 
contact with the underlying. more competent, cemented soils. Within an accuracy 
dictated by the data, estimate the depth of Holocene soils along the dam alignment. 

IdentifL and summarize prior investigations of the dam safety issues related to transverse 
and longitudinal cracking. 

Utilize data collected for this project to identify and clarify other issues related to the 
intebety of the existing embankment from available data. These issues relate to the 
condition of the dam and outlet channel embankments, principal and emergency 
spillways, functionality of the existing central filter drain, and the improperly abandoned 
embankment penetrations. 

At the conclusion of this report, geotechnical design considerations are identified and discussed 
for incorporation into the alternatives development and evaluation processes. 



1.3 SITE DESCRIPTION 

1.3.1 McMicken Dam Project 

The McMicken Dam Project is located south of U.S. 60, just west of the Beardsley Canal, and 
extends south to about the extension of Peoria Avenue in central Maricopa County, Arizona 
(Figure GA-1.3.1). The McMicken Dam Project was constructed by the U.S Army Corps of 
Engineers OJSACE) ' in 1954 and 1955 to provide flood protection to Luke Air Force Base, the 
Litchfield Park Naval Air Facility, and downstream agricultural areas. Currently, it also provides 
flood protection to residential and co~nmercial development and critical public facilities such as 
hospitals, schools, police and fire stations, freeways and other public roadways, railroads, and 
canals such as the Beardsley Canal. The dam and its appurtenant structures are currently 
operated and maintained by the District. 

1.3.2 McMicken Dam 

McMicken Dam is a zoned earthfill structure 9.5 miles in length (including its emergency 
spillway) that has a maximum height of approxin~ately 34 feet. The crest of the dam has a width 
of 12 feet and was designed to an elevation of 1361.0 (1362.87)' feet. Dam upstream slopes are 
2.5:l (horizontal:vertical') with downstream slopes of 2:l .  There is a downstream bench along 
the dam from approximately dam Station 357+00 to Station 474+50. This bench is the crest of 
an interim earthfill structure constructed in 1952 under the auspices of the Maricopa County 
Municipal Water Conservation District No. 1 (MCMWCD). This interim structure was 
incorporated into McMicken Dam during its original construction in 1954 and 1955. The 
upstream and downstream shells of the embankment are homogeneous earth with a central 
filterldrain system along the dam centerline. The slopes of the dam contain numerous erosion 
features and are generally covered with small desert brush and grasses. 

The northern half of the dam crosses a protrusion of an alluvial basin which is situated between 
the Hieroglyphic Mountains to the north and the White Tank Mountains to the west, and which 
extends northwestward to the Vulture Mountains. The southern half of the dam subparallels the 
eastemmost exposure of bedrock on the eastern flank of the White Tank Mountains. Trilby 
Wash and its associated drainages, which are intercepted by McMicken Dam, pass runoff to the 
Agua Fria River from an extensive watershed containing the southern flanks of the Wickenburg 
and Hieroglyphic Mountains and the northern flank of the White Tank Mountains. The 
McMicken Dam Project watershed is estimated to cover an area of approximately 308 square 
miles. The flood pool for the dam was designed for a capacity of approximately 19,300 acre-feet 
corresponding to an emergency spillway elevation of 1354.0 (1355.87) feet. 

' References are listed at the end of this report 
Elevations showti are based on National Geodetic Veitical Datum 1929 (NGVD29) with elevations in parenthesis 

shifted +1.87 feet to North American Vertical Datuin 1988 (NAVD88) (Entrance, 2004). 



The dam includes an emergency spillway, a principal outlet, two operational gated irrigation 
outlet pipes, and a recently realigned, hardened dam segment at the southern end of the dam. The 
McMicken Dam emergency spillway is located at the northern most end of the dam, just south of 
U.S. 60. The emergency spillway is a 2,000-foot long broad-crested weir structure with a top 
width of 6 feet. The design crest elevation of the emergency spillway was 1354.0 (1555.87) feet. 
To the north of the emergency spillway section is a short length of dam that pinches out with the 
adjacent natural grade and is often referred to as the "North Dike". 

Constructed as part of the McMicken Fissure Risk Zone Remediation (FRZR) Project the 
realigned, hardened dam segment was designed to isolate the McMicken Dam flood pool from a 
known region of high hazard fissure risk located south of historic dam Station 73+00. The 
remedial modification included the truncation of the existing embankment at Station 75+00 and 
the construction of a soil-cement dam extension transverse to the current alignment. A detention 
basin near the original terminus of the McMicken Dam reservoir was constructed south of the 
area of elevated fissure risk to provide flood protection for the 500-year, 6-hour storm event. 
Diversion channels were designed to divert ruiloff away from the fissure risk zones and into the 
detention basin. 

McMicken Dam also has five cormgated metal pipe (CMP) outlet penetrations. Two of the 
outlets are currently operational, whereas the other three are abandoned. The two operational 
upstream gated outlets, consisting of 24-inch diameter CMP with trash racks at their inlets, are 
located at dam Stations 385+14 (corresponding to Station 387t 14 on the 1956 as-built plans) and 
396+24 (corresponding to Station 398+24 on the 1956 as-built plans). See Section 1.4 for 
historic Stationing discussion. These pipes were part of the MCMWCD No. 1 interim structure 
and were extended about 78 feet when McMicken Dam was originally constructed. When the 
dam was modified in 1984, they were extended an additional 10 feet. The original purpose of 
these outlets was to release flood water for irrigation purposes. The District no longer operates 
these outlets for that purpose. 

The remaining three outlets were partially abandoned and buried during the construction of the 
1956 structure. There was no visible indication of the outlet locations until the outlets were 
uncovered in 2003 and documented to be located at as-built dam Stations 402+98, 427+17 and 
442+80. 

The principal outlet for McMicken Dam includes a 20-foot wide outlet channel, a transition 
section, and a 30-foot wide stilling basin located at about dam Station 474+50. A reinforced 
concrete bridge spans the outlet, which includes a reinforced concrete breastwall that limits the 
channel to a height of 11 feet, forming a rectangular orifice. The ungated principal outlet for 
McMicken Dam discharges into the trapezoidal McMicken Outlet Channel, which runs east- 
northcasterly towards is confluence with the McMicken Outlet Channel which run southerly to 
its confluence with the Agua Fria River. 



1.3.3 McMicken Outlet Channel 

The outlet channel begins at the dam principal outlet structure and extends east-northeasterly for 
nearly six miles. At approximately outlet channel Station 61+00 the channel passes under three 
bridge structures, two for U.S. Highway 60, a four lane divided highway, and one for the 
Atchison, Topeka and Santa Fe (AT&SF) railroad trestle (see Sheets 4-8) . The channel 
continues west for another 5 miles before emptying into the McMicken Outlet Wash, which 
leads to the Agua Fria River. Overhead 240-KV power transmission lines run along both sides 
of the outlet channel from approximately outlet channel Station 80+00 to Station 230+00. At 
Station 230+00 the power lines on the north bank cross over the channel and continue to the 
southeast. The power lines on the south bank continue to parallel the channel and terminate at a 
substation just east of the McMicken Outlet Wash. 

The outlet channel consists of an excavated channel which varies in slope and width along its 
length. Channel widths generally vary, being 60 feet between outlet channel Stations 11+91 and 
69-1 16, with a transition to a 100-foot wide channel between Stations 69+16 and 77+16. The 
southern side of the outlet channel consists of an earthfill levee embankment structure that has a 
maximum height of approximately 14 feet and is about 6 miles in length. The crest of the levee 
has a width of 12 feet and was designed with a sloping crest elevation; with the highest elevation 
at the principal outlet of 1339.5 (1341.37) feet and the lowest elevation at the McMicken Outlet 
Wash of 1320.0 (1321.87) feet. Levee upstream slopes are 2.5:l (horizontal: vertical) with 
downstream slopes of 2: 1. 

1.3.4 McMicken Outlet Wash 

The McMicken Outlet Channel at its eastern terminus discharges into the unimproved McMicken 
Outlet Wash. The outlet wash is a natural ephemeral wash that has a bottom width ranging from 
20 to 40 feet and stretches approximately 2.5 miles southerly to its confluence with the Agua 
Fria River. The wash is parallel to a service road used for a power line substation for 
approximately % mile until passing under SR-303L and an 11-barrel1 box culvert crossing at 
Williams Road downstream of SR-303L. Further south along its alignment the wash has been 
channelized from Deer Valley Road to the Agua Fria River as part of the Sun City West 
development and El Mirage Drain projects. Unimproved portions of the wash are moderately 
overgrown with Palo Verde trees and desert brush. The channelized portion is trapezoidal with a 
180 foot bottom width and 3 foot horizontal to 1 foot vertical side slopes. .4 large reinforced 
shotcrete drop structure exists within the channel that allows for a 25 foot change in channel 
elevation. 

1.4 PROJECT STATIONING 

Throughout its history McMicken Dam has undergone several changes in its stationing as a 
result of various activities. The July 1956 as-builts indicate the dam was constructed from 
Station 35+50 (south end) to Station 537-1-00 (north side of emergency spillway), with the outlet 



channel levee starting at Station 10+00 (centerline of dam at principal outlet) and ending at 
Station 317+20 (end of levee at east end). 

A shift in the stationing occurred during the early 1980s when the dam was raised; however, the 
shift is undocumented. Later in the 1990s the District added station markers to the crest; 
however, the means and methods in which the markers were set and numbered also are 
undocumented. During the search for the abandoned outlets: discussed in Section 9.0, AMEC 
measured the station markers on the dam crest and discovered that they were inconsistent with 
the as-built stationing of the dam. The table below details the location of five outlets with both 
the as-built stationing and the stationing from the dam crest markers. There appears to be an 
approximate shift of -200 feet; however, the shift is not consistent from location to location. 

Horizontal 
Dam As-built Crest Marker (current) 

Difference (ft) 

As a result of the absence of documentation related to the historic changes in stationing, caution 
should be exercised when interpreting locations reported in historic studies. A general rule of 
thumb that may be followed is that most inspections and investigations performed prior to 1990 
reference the as-built stationing. Investigations perfomled after -2000 are potentially geo- 
referenced; therefore, they are depicted spatially on maps correctly and utilize the as-built 
stationing as the reference. However, dam safety inspections and field investigations performed 
in the last 10 to 15 years may reference the crest monument marker stationing and would 
therefore be different than the true as-built stationing location by approximately -200 feet. All 
new activities performed as part of the Wittmann ADMP Project are spatially geo-referenced and 
correctly depicted on each aerial image. 

Activities related to the rcmoval and realignment of the south end of McMicken Dam have also 
altered the dam stationing. The realigned section has established an independent stationing that 
begins at its connection with the existing dam at dam Station 75+00. The realigned station 
increases to the west from realigned dam Station 0+00 (downstream toe of existing dam) to 
realigned dam Station 14t68. A section of the original dam from dam Station 35+60 to 75+00 
was fully removed. Stationing references falling between these are identified as "historic" 
herein. 
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SECTION 2.0 GEOLOGIC SETTING 

2.1 GENEKAL GEOLOGY 

McMicken Dam lies within the western portion of the Salt River Valley, off the eastern flank of 
the White Tank Mountains. The dam extends beyond the northern end of the White Tank 
Mountains, intercepting Trilby Wash and flood flows from the extensive contributing watershed. 
The southern half of the dam is situated on an alluvial fan surface, about two miles east of 
bedrock exposed at the foot of the White Tank Mountains. Southern portions of the dam are 
located in the medial position of coalesced alluvial fans of the White Tank Mountains, and ffom 
about Bell Road north to the emergency spillway alluvial deposits associated with the Trilby 
Wash system dominate. The outlet wash is predominately located in the distal portions of 
coalesced alluvial fans from the Hieroglyphic Mountains to the north. Current depths to 
groundwater are 400 to 500 feet. Figure GA-2.1A depicts the regional geology of the project 
site. 

The western Salt River Valley is a typical component of the Sonoran region of the Basin and 
Range physiographic province. The Sonoran region contains many broad, deeply founded, 
alluvium-filled basins, separated by structural highlands composed of competent bedrock. The 
White Tank Mountains are one of these uplifted highlands, composed of both metamorphic and 
granitoid bedrock (Keynolds and others, 2002). 

Although collaborating data are lacking, the gravity data of both Sweeney and Hill (2001) and 
Peterson (1968) suggest the presence of a buried bedrock shelf beneath the alluvial fan surface 
located directly east of the White Tank Mountains. If present, the orientation of the McMicken 
Dam embankment results in a rapid deepening of basin fill thickness northward and up-station 
along the alignment. AMEC (2003a) concludes that the depth to bedrock ranges from 75 to 150 
feet near the south terminus of McMicken Dam to depths of greater than 1,000 feet below 
ground surface at dam Station 100+00. 

Gravity data of both Sweeney and Hill (2001) and Peterson (1968), well logs (Geological 
Consultants, 2004), and subsidence patterns evident from InSAR indicate the presence of a 
buried bedrock ridge or equivalent in the vicinity of the emergency spillway of McMicken Dam. 
This buried ridge appears to be approximately orientated north-south and centered just to the east 
of the emergency spillway. Bedrock depths associated with this buried ridge are uncertain, but 
likely range from 800 to 1,400 feet below the ground surface. 

The local surficial geologic units (Figure GA-2.1B) in near proximity to McMicken Dam and 
the outlet channel, as broadly described by Huckleberry (1994), Reynolds and Grubensky 
(1993), Field and Pearthree (1991). and Demsey (1988) are comprised of an assemblage of 
unconsolidated Quaternary alluvial fan deposits, and stream deposits associated with the Trilhy 
Wash and Agua Fria River systems. Blissenback (1954) and Harvey (1992) describe alluvial 
fans as being composed of a complex assemblage of stream channel deposits, sheet flow deposits 



from larger floods (which cause avulsion of the small watercourses across the fan surface), and 
thick debris flow andor mudflow deposits from large infrequent floods. The fans likely include 
a minor component of aeolian deposits. Deposits associated with Trilby Wash primarily consist 
of channel deposits from relatively frequent flow events. Alluvial terrace deposits associated 
with the Agua Fria River are found to the east of the confluence of the outlet channel and the 
outlet wash. General descriptions of the surficial units found in the McMicken Dam Project area 
are presented below and are taken from Hucklebeny (1994) and Field and Pearthree (1991). 

Young Alluvium in Modern Stream Channels (Qyc) - Within the McMicken Dam study area, 
this unit is limited to the active channels associated with the Trilby Wash drainage system. 
Deposits are dominated by clastic sediments of sand and gravel, with some cobbles and rare 
boulders. The age of unit Qyc is less tl~an 3,000 years before present (ybp). 

Young Alluvium (Qy) - Outside the active braided channels, this unit is locally comprised of a 
limited thickness of silty to clayey sand and sandy silt, overlain by a thin mantle of aeolian silty 
sand. Little soil development is present and Stage I carbonate cementation development is 
common in the lower sands, with the upper loess largely uncemented. Moderate to strong 
mbification (reddening) is common in this unit. Within the ephemeral channels, the upper 
aeolian deposits are absent, with larger amounts of gravel and cobbles present. Nearer the 
mountain front, the unit contains coarser sediments, including silt, sand and gavel  mixtures. The 
age of unit Qy ranges from about 10,000 to >3,000 ybp. This unit is widespread throughout the 
project area with notable deposits in the vicinity of Bell Road, the spillway area, and along the 
outlet channel. 

Younger Middle Alluvium (Qm2) - This unit is locally comprised of moderately cemented 
(Stage I to 11) clayey to silty sands, occasionally interbedded with silty to sandy gravels. These 
deposits usually display poor soil development and some mbification. The age of unit Qm2 
ranges from 10:000 to 150,000 ybp. Qm2 deposits are widespread throughout the project area. 

Older Middle Alluvium (Qml)  - This unit consists of a poorly sorted, angular to sub-angular 
mixture of silt, sand and gravel deposits. The surfaces are moderately dissected on the upper 
piedmont with 3 to 20 Ceet of relief above the active channels. Interfluvial areas are generally flat 
and expansive with poorly preserved bar and swale topography. Desert pavement is moderately 
to well developed and is found over 50 to 75 percent of the surface. Underlying soils are 
characterized by weakly developed argillic horizons with Stage I1 to 111 calcification. The age of 
unit Qml ranges from 300,000 to 1,000,000 ybp. Qml deposits are widespread throughout the 
study area. with the greatest concentrations occurring to the south of Trilby Wash. 

Older Alluvium (Qo) - Unit Qo is composed of early Pleistocene to late Pliocene alluvial fan 
deposits greater than 1,000,000 years in age. 'The unit generally consists of poorly sorted 
subangular gravels containing minor amounts of finer material, ranging in thickness from a thin 
veneer over bedrock pediments to tens of feet thick. The surfaces of unit Qo are deeply dissected 
up to 50 feet within interfluvial areas and have well-rounded ridges with intervening swales or 



ravines. Soils are generally eroded away, exposing remnants of Stage IV to Vl petrocalcic 
horizons. Unit Qo is found as terrace deposits associated with the Agua Fria River east of the 
terminus of the outlet channel. 

Metamorphic Rocks (Xm) - Unit Xm is composed of metamorphic rock of the White Tank 
Mountains. Near the McMicken Dam facilities. this unit is only present at Fenne Knoll to the 
southwest of the southern terminus of the dam. 
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SECTION 3.0 PREVIOUS GEOTECHNICAL INVESTlGATIONS 

Since McMicken Dam's original construction in the mid 1950s, the dam has been investigated 
many times to assess its safety. Investigations have primarily focused on the cause of 
embankment cracking and the impacts of regional land subsidence and associated earth fissuring. 
Provided in the following sections are condensed summaries of each geotechnical investigation. 
Unless otherwise stated herein, Sheets 1 through 8, included in the map pockets at the end of this 
report, depict the investigation locations along the McMicken Dam Project boundaries, with 
select field investigation logs extracted from each investigation and provided in Appendix A. 
Those agencies or consultants responsible for the historic investigations include: 

USACE 

Sergent, Hauskins & Reckwith Consulting Geotechnical Engineers (SH&B) 

AMEC 

e Ricker, Atkinson, McBee and Associates, Inc. (RAM) 

Ninyo & Moore (N&M) 

The date provided in each heading below reflects the date of the report in which the field 
investigation results were published and not necessarily the date of the field investigation. 
Design and construction history will be discussed in Section 4.0. 

3.1 USACE GEOTECHNICAL INVESTIGATlON (1954) 

In 1952 the USACE conducted a geotechnical investigation along the future alignment of what 
are now McMicken Dam and McMicken Outlet Channel (Sheets 1 through 8). This 
investigation included 62 borings completed from June to July 1952, and later in October 1953. 
Rorings were documented as being drilled by means of a "power auger" which ranged in size 
from 12 to 30 inches in diameter. Boring depths ranged from 4 to 40 feet below existing grade. 
This investigation collected data that was used to improve and enlarge the existing Trilby Wash 
Dam. Results of this investigation and the subsequent design are documented in GSACE (1954). 

3.2 USACE GEOTECHNlCAL INVESTIGATION (1973) 

In July 1972 the USACE conducted a geotechnical investigation to establish a soil profile normal 
to the dam embankment to investigate embankment cracking. Twelve bucket auger test holes 
were advanced to depths ranging from 50 to 75 feet between dam Stations 435+00 and 460-to0 
(Sheets 1 through 8). Four lines of three holes each were completed perpendicular to the dam 
centerline. Results of the investigation are documented in USACE (1973). 

3.3 SH&B GEOTECHNICAL INVESTlGATION (1982) 

From November 11, 1981 to December 15, 1982, SH&R conducted a geotechnical investigation 
of McMicken Dam to determine parameters necessary for restoration of two existing dam 



breaches, maintenance activities, and to document earth fissuring. The investigation included 
drilling 75 borings located along nearly the entire length of the dam from Station 67100 to 
approximately Station 472+00 (Sheets 1 through 8). Borings were advanced with a CME-55 
drill rig utilizing a 6 % - inch diameter hollow stem auger with depths ranging from 30 to 60 feet. 
In addition to the borings 36 backhoe test pits were excavated. Test pits were excavated with 
either an American 35A or Case 580C backhoe. Test pit depths ranged from 5 to 10 feet. Test 
pits TP-I through TP-14 were conducted to assess ground fissuring near the dam. Due to their 
value to the geotechnical engineering investigation of the McMicken Dam Project, test pit 
locations for TP-1 through TP-14 are not shown on Sheets 1 through 8. Results of those test 
pits have been considered by AMEC in a concurrent study to assess land subsidence and earth 
fissuring impacts to the McMicken Dam Project area. The results can be found in Volume SE, 
McMicken Dam Subsidence & Earth Fissure Risk Zoning (AMEC, 2007) and as originally 
documented by SH&B ( I  982). 

3.4 SH&B GEOTECHNICAL INVESTIGATION (1983) 

From October 8 to October 22, 1982, SH&B conducted a geotechnical investigation of 
McMicken Dam between dam Stations 110+00 and 467+25 (Sheets 1 through 8) to investigate 
upstlearn borrow sources and to further support the design for the dam restoration. The 
investigation included excavation of 39 test pits on the upstream side of the dam and 19 
downstream test trenches. The average test pit depth was approximately 5.5 feet and the test 
trenches ranged in depth from 6.5 to 11.5 feet. Both were excavated with a Case 580C backhoe. 
Results of this investigation are documented in SH&B (1983a). 

3.5 AMEC GEOTECHNICAL INVESTIGATION (2003) 

In April and May of 2001, AMEC conducted a geotechnical investigation of McMicken Dam to 
assess the overall condition of the dam as a result of documented transverse and longitudinal 
cracking. The investigation included 19 borings and 22 test pits between dam Stations 200-1 00 
and 503+13 (Sheets 1 through 8). Borings were advanced using a CME-75 with a 6 518-inch 
diameter hollow stem auger and test pits were excavated with John Deere 710D and Case 580L 
backhoes. Boring depths ranged from 9.5 to 15.5 feet and test pit depths ranged from 3.5 to 8.0 
feet. Results of this investigation are documented in AMEC (2003a). 

3.6 AMEC EARTH FISSURF, INVESTIGATION (2003) 

Between November 2001 and mid-February 2002, AMEC conducted an earth fissure 
investigation to detect and characterize the distribution and nature of earth fissures located in the 
vicinity of the southernmost: 6-mile portion of McMicken Dam. The investigation included 10 
test pits located east of the dam and in the vicinity of historic dam Stations 54+00 to 63100 
(Sheets 1 through 8). Test pits were excavated in the projected path or across exposed 
indications of earth fissuring. Test pits ranged from 24 to 76 feet in length and were excavated 
to depths ranging from 4.5 to 9 feet utilizing a rubber-tired Case 580C backhoe. The soil profile 
and the fissures exposed were logged and photographed, with the orientation, persistence and 
width of the fissures recorded on the test pit logs. * 1 
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In addition to the test pits, 93 seismic refraction surveys and 7 test trenches were completed to 
identify the presence or absence of potential fissures in the near vicinity of McMicken Dam. 
Seismic lines were completed in the area bounded by historic dam Stations 49+00 and 115+00 
with the intent of locating subsurface anomalies. Test trenches were positioned to expose the 
subsurface conditions causing the seismic refraction anomalies, along projected trends of 
exposed fissures, or where. the InSAR interferometry indicated the. possibility of adequate 
horizontal strain necessary to produce fissures. The trenches ranged from 90 to 220 feet in length 
and averaged about 10 feet in depth. The reader is directed to the AMEC 2003 report for plan 
view depictions of the seismic refraction and test trench locations. A numerical ground strain 
model was also developed to predict ground strains at the southern end of the dam. Results of 
this investigation are documented in AMEC (2003b). 

3.7 AMEC FRZR GEOTECHNICAL DESIGN INVESTIGATION (2004) 

From December 1, 2003, to April 4, 2004, AMEC conducted a geotechnical investigation to 
support the McMicken F U R  Project design and to assist in further characterizing the extent and 
erosional characteristics of earth fissuring. The geotechnical investigation was limited to the 
south end of the dam from historic dam Stations 45+00 to 80-1-00 (Sheets 1 through 8) and 
extended from the crest of the dam to as much as 1,500 feet upstream in the area of the proposed 
footprint of the new dam alignment. The investigation included 13 borings and 36 test pits. 
Nine borings were advanced with a sonic drill rig and the remaining four with a Rurley 4000 
drill rig. Boring depths ranged from 35 to 50 feet. The 36 test pits were excavated to depths 
ranging from three to eight feet by a Case 590 backhoe. Results of the investigation are 
documented in AMEC (2004). 

3.8 RAM GEOTECHNICAL TNVESTIGATION (JANUARY 2004) 

Between June and August of 2003, RAM performed a geotechnical investigation to assess the 
need for dam repairs north of the principal outlet structure. Twelve borings and five test trenches 
were completed between dam Station 477t50 and Station 480+00 (Sheets 1 through 8). 
Borings were advanced with a CME-55 drill rig and ranged in depth from 9.7 to 30 feet. Results 
of the invcstigation are reported in RAM (2004a). 

3.9 RAM PRINCIPAL OUTLET GEOTECHNICAL INVESTIGATION (APRIL 2004) 

In June 2003 RAM performed a geotechnieal investigation to assess the need for principal outlet 
repairs. Six borings and five test trenches were completed around the principal outlet structure 
are approximately dam Station 475+00 (Sheets 1 through 8). Borings were advanced with a 
CME-55 drill rig and ranged in depth from 7.5 to 50.8 feet with one boring advanced with a 
vaeuum truck. Results of the investigation are reported in (2004b). 

3.10 N&M PRINCIPAL OUTLET GEOTECHNICAL INVESTIGATIOK (2005) 

In May and June of 2005 X&M completed a geotechnical investigation to further assist in the 
development of principal outlet rehabilitation alternatives. The investigation included eleven 



borings and two test trenches at the principal outlet, approximately Station 475+00 (Sheets 
1 through 8). Borings were advanced with a CME-75 with a 6 518 inch diameter hollow stem 
auger to depths that ranged from 17 to 49.5 feet. Test trenches were excavated by hand methods 
to a maximum depth of 3.5 feet. Results of the investigation are documented in N&M (2005a). 

3.11 AMEC GEOLOGIC HAZARD AND GEOTECHMCAL INVESTIGATION (2007) 

From September to December 2006 a geologic hazard and geotechnical investigation was 
completed to support the fissure rlsk zone investigation and geotechnical characterization of the 
McMicken Dam Project as part of the McMicken Dam alternatives analysis portion of the overall 
Wittmann ADMP project. The investigation included geophysical surveys followed by the 
excavation of backhoe test trenches and test pits. Historic geotechnical data compiled and 
summarized within this report were utilized to identify geotechnical data gaps. AMEC's review 
indicates limited geotechnical information exists that is associated with the outlet channel, outlet 
channel levee, and outlet wash. The goal of this investigation was to satisfactorily fill those data 
gaps by characterizing the geotechnical attributes of the outlet channel levee embankment, outlet 
channel levee foundation and outlet channeliwash soils. Additional project geologic hazard 
assessment goals included the search for soil discontinuities related to land subsidence and 
associated earth fissuring. 

The investigation included the excavation of 29 test pits and 375 linear feet of 8-foot deep test 
trenches. Additionally, several hand-excavated shallow test holes were completed within the 
levee embankment. Select disturbed bulk soil samples were collected for laboratory testing, 
which included a suite of physical characterization tests to identify embankment, foundation, and 
channel soil characteristics. The location of the geophysical surveys, test pits, and test trenches 
are shown on Sheets 1 through 8. A limited discussion related to the test trench investigations 
is provided herein. For more detailed discussion of the test trench investigation, refer to AMEC 
(2007). Based on AMEC's current knowledge of the site, it is believed that this investigation 
sufficiently characterized the geologic hazards and defined the geotechnical profile in sufficient 
detail for purposes of analyzing project altematives. 

3.11.1 Geophysical Survey 

One hundred seismic refraction and shear wave surveys (Lines 1 through 85 and DL-I through 
DL-15) were completed by Michael L. Rucker, P.E., with the assistance of several other AMEC 
personnel. The purpose of these lines was threefold as follows: 

(1) To assist in characterizing the subsurface geotechnical profile along the outlet channel 
levee to support the assessment of existing embankment conditions and to identify the 
approximate depth of foundation over-excavation required for levee rehabilitation 
altematives. 

(2) To assist in characterizing the subsurface geotechnical profile along file outlet 
channeliwash at specific locations for use in assessing the erodibility potential of the 
channeliwash. 



(3) To identifl the presence or absence of potential discontinuities associated with land 
subsidence and earth fissuring in the vicinity of the dam and outlet channel areas. 

3.11.1.1 Seismic Refraction and Refraction Microtremor (ReMi) Shear Wave Profiling 

Between August and December 2006, eight-five (Lines 1 through 85) 120-foot long combined 
seismic refraction compression wave (p-wave) and shear wave (s-wave) surveys were completed. 
A Geometries S-12 Smartseis signal enhancement seismograph and geophone array consisting of 
4.5 Hz geophones at 10-foot spacings were used. A sledgehammer energy source was used to 
collect p-wave data for seismic refraction analysis. Personnel jumping up and down at the fore- 
shot of the geophone array were used to generate energy for refraction microtremor (ReMi) 
analysis for a one-dimensional vertical s-wave profile at the seismic survey line. The seismic 
refraction data for the present investigation was interpreted to provide information regarding the 
underlying geotechnical profile, including lateral variations and velocity reversal (a softer 
horizon underlying a more competent horizon) conditions in the subsurface materials. The results 
of the refraction seismic surveys are presented in Appendix B, along with brief descriptions of 
the seismic refraction and ReMi equipment and procedures used. Seismic survey line locations 
are shown on Sheets 1 through 8.  

3.11.1.2 Deep R e M  Shear Wave Seismic Surveys 

Fifteen deep vertical s-wave profiles adjacent to McMicken Dam (Lines DL-1 through DL-15) were 
completed. A Geomelrics S-12 twelve-channel signal enhancement seismograph with a 240-meter 
cable and 4.5 Hz vertical geophones were used. A field vehicle driven beyond the geophone array 
served as the surface wave energy source. The deep ReMi profiles were performed to assist in the 
understanding of basin sediments to depths of several hundred feel principally for subsidence and 
earth fissure modeling. Results of the ReMi surveys are included in the AMEC (2007). ReMi 
survey line locations are shown on Sheets 1 through 8. 

3.11.1.3 Resistivity Surveys 

Five deep resistivity soundings were completed in the McMicken Dam project area by Mr. Rucker 
and Mark Keyes, P.G. in September 2006. An L-and-R Ultra MiniRes resistivity meter with a 4 
point Wenner array configuration was used. Total array length at the 1,000-foot spacing was 3,000 
feet. 'The deep resistivity profiles were performed to assist in the understanding of basin sediments 
to depths of several hundred feet principally for subsidence and earth fissure modeling. Results of 
the ReMi surveys are included in the AMEC (2007). Resistivity sounding localions are shown on 
Sheets 1 through 8. 

3.11.2 Test Pits and Test Trenches 

3.11.2.1 Test Trenches 

Six test trenches totaling 375 linear feet were excavated for the purpose of identifying any soil 
discontinuities and characterizing the general geotechnical conditions. Five of the test trenches 



were excavated by means of a Volvo BL-70 rubber tired backhoe mobilized and operated by 
Wards Tractor Works, Inc. The sixth test trench (TT06-03) was excavated by District 
Operations & Maintenance (O&M) equipment and operators. The test trench excavations were 
generally located between the District's existing O&M road and the toes of the dam or levee at 
approximate dam Stations 145+00, 275+00 and 496+00, and approximate outlet channel Stations 
26+00. 180+00 and 275 t O O .  GPS coordinates of all test trenches were collected and utilized to 
map the test trench locations as depicted on Sheets 1 through 8. 

Excavation of the test trenches generally occurred in a benched fashion, with the first bench 
established at a dcpth of approximately 4 feet, followed by a vertical-walled, 4-foot excavation 
keyed into the floor of the initial excavation. Ken Fergason, P.G., supervised the excavation 
program and continuously examined the soils during excavation, visually classified the soils, and 
prepared test trench logs. Test trench logs are included in Appendix A. Soil samples recovered 
from the pits were visually inspected, logged and classified using the Unified Soil Classification 
System (ASTM D2487) and the AMEC Manual of Field Operations. 

Once completed, the test trenches were backfilled with moisture-conditioned excavation spoils to 
a dense, non-yielding condition. Backfill compaction was achieved by multiple passes by the 
rubber tired backhoe or by means of a vihratoly compaction plate backhoe attachment when 
wheel rolling could not be performed. An AMEC field technician was mobilized for compaction 
oversight and documentation. 

3.11.2.2 Test Pits 

Twenty-nine test pits were excavated for the purpose of general geotechnical characterization, 
primarily along the outlet channel and levee. All 29 of the test pits were excavated using a Volvo 
DL70 rubber tired backhoe operated by Wards Tractor Works, Inc. Ten test pits were excavated 
in the channel bottom at an average spacing of 2,000 feet along the outlet channel. Ninetecn test 
pits were excavated along the downstream levee toe at an average spacing of 1,500 feet. GPS 
coordinates of all test pits were collected and utilized to document the location of the test pits as 
depicted on Sheets 1 through 8. 

Excavation of thc test pits generally occurred until the backhoe reached refusal, or the 
equipment's depth of excavation capacity was reached. Excavation depths ranged from 12 to1 5 
feet below ground suiface or refusal. Ken Fergason, P.G. and Karen Anglin supervised the 
excavation program, continuously examined the soils during excavation, visually classified the 
soils, and prepared test pit logs (Appendix A). Soil samplcs recovered fiom the pits werc 
visually inspcctcd, logged and classified using the Unified Soil Classification System (ASTM 
D2487) and the AMEC Manual of Field Operations. Logs of the test pits are included in 
Appendix A. Representative hulk samples of the encountered materials were recovered from the 
test pits for lahoratoty tcsting. 



Once completed, the test pits along the downstream toe of the levee were backfilled with 
moisture-conditioned excavation spoils to a dense, non-yielding condition. The 10 test pits 
within the outlet channel were backfilled with moisture-conditioned and compacted excavation 
spoils to a minimum dry density of 95 percent standard proctor and moisture content of h2 
percent. An AMEC field technician completed 20 (2 per test pit) nuclear density tests (ASTM 
D2922) to verify compaction of the outlet channel test pit backfill. Backfill compaction was 
achieved with a vibratory compaction plate backhoe attachment. 

3.11.2.3 Hand Pits 

To acquire levee emhankment hulk soil samples for soil characterization, eight near-surface 
shallow hand-excavated test pits (TH06-1 to TH06-5) were completed. The hand pits were 
excavated using a hand shovel to a maximum depth of two feet. The intent of using hand power 
was to provide for minimal disturbance to the levee emhankment. Except for TH06-2, which 
was on the upstream slope, the remaining seven hand pits were excavated on the downstream 
slope. At outlet channel Stations 15+00, 160+00, and 240+00 two hand pits were completed, 
one just below the crest the second just above the toe. In situ density and moisture contents were 
completed by nuclear (ASTM D2922) methods at each hand pit. Steve Hargus, E.I.T., 
completed the excavations, visually classified the soils and prepared hand pit logs (Appendix A). 
Soil samples recovered from the pits were visually inspected, logged and classified using the 
Unified Soil Classification System (ASTM D2487) and the AMEC Manual of Field Operations. 
Logs of the pits are included in Appendix A. Representative hulk samples of the encountered 
materials were recovered from the hand test pits for laboratory testing. Each pit location was 
backfilled with hand compacted excavation spoils. 

3.11.3 Laboratory Testing 

Laboratory testing of selected soil samples recovered from the test trenches and test pits were 
performed. Tests included moisture content, grain-size analysis and Atterberg limits (plasticity 
index). A summary of the laboratory test results for the investigation is presented in 
Appendix C. Results of the moisture content tests are presented on the logs in Appendix A. 
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SECTION 4.0 DESIGN AND HISTORIC CONSTRUCTION 

As a result of the findings of historic geotechnical investigations, the dam has undergone several 
modifications over its lifetime. Summarized in the following sections are the significant 
structural modifications, beginning with the dams original construction in the mid-1950s. 

4.1 ORIGINAL DAM CONSTRUCTIOK (1956) 

Construction of hZcMicken Dam, the outlet channel, and the emergency spillway was authorized 
by the U.S. Congress in 1953 to provide emergency flood protection for Luke Air Force Base, 
the Litchfield Park Naval Air Facility and adjacent areas. Planning and design of McMicken 
Dam was completed by the USACE in 1954 and 1955 (USACE, 1954). Originally tenned the 
Trilby Wash Detention Basin Dam, the homogeneous earthen embankment was constructed 
between July 1955 and July 1956 of surficial soils borrowed from within its impoundment. 
Borrow excavation created an upstream low-flow flood channel having a minimum width of 200 
reek. The foundation area of the dam was to be stripped and compacted, but the dam did not 
include a cutoff. As depicted on the as-built plans for the structure (USACE, 1956), and as 
shown in Figures GA-4.1A and GA-4.1B, the crcst of the dam was 1361.0 (1362.87) feet: and 
the crest elevation of the emergency spillway and the Standard Project Flood (SPF) peak outflow 
water surface elevation were 1354.0 (1355.87) fcet, resulting in 7.0 feet of total freeboard. 

Construciion of McMickcn Dam incorporated an existing dam on Trilby Wash that had been 
constructed in 1952 by the MCMWCD. This homogeneous earthen structure was about four 
miles long and had a crest elevation of 1352.5 (1354.37) feet. As indicated in Figure GA-4.1B, 
the new dam incorporated those parts of the existing structure located between dam Station 
357-1-00 and the principal outlet at about Station 474+50. 

4.2 DAM BREACHING (1977) 

As a result or  observed and investigated transverse and longitudinal cracking, the USACE 
(1977a) studied the feasibility of breaching the dam or completing temporary remedial 
reconstruction to prevent failure. Later that year the USACE (1977b) recommended breaching 
the dam to "minimize damage to improved property and to eliminate any hazard to human life" 
as an emergency remedial measure. The recommended design included two breaches towards 
the north end of thc dam. One was a low-flow breach located at dam Station 48 1+25 and 110 
feet in width with 2:l  (horizontal to vertical) side slopes and a concrete sill to prevent 
headcutting. The low-flow breach invert was one foot higher than the principal outlct invert. A 
5-foot diversion levee was to bc constructed between ihe principal outlet and the breach for the 
purpose of diverting lower flow events through the principal outlet and not through the breach. 
The diversion was dcsigned to overtop during events greater than the 15-yr storm event 
(USACE, 1977b), at which time the breach would become operational. Flows exiting this breach 
were to be carried to the Agua Fria River via the existing MchZicken Outlet Channel. The 
second breach was located at dam Station 320+00 with a base width of 700 feet, 5:l side slopes; 
and an invert five feet higher in elevation than the breach at dam Station 481-1-25. 



McMicken Dam was breached in July 1977 at dam Stations 479+39 and 320-1-00, The low-flow 
breach with a base width of 110 feet was constructed at dam Station 479+39. The second breach 
with a base width of 700 feet was constructed at dam Station 320+00. 

4.3 DAM RKSTORATION AND REHABILITATION (1984) 

SH&B completed a geotechnical investigation of McMicken Dam in 1982 (SH&B, 1982). This 
study investigated the cause or causes of cracking, the possible effects of subsidence and earth 
fissuring, and changes in embankment geometry. The study also developed alternatives for 
restoration of the dam. Restoration was undertaken in July 1983 and completed in December 
1984. Activities included repair of the two 1977 breach locations, the installation of a central 
filteridrain to the embankment-foundation interface between historic dam Station 40+00 and dam 
Station 507+00, construction of 66 associated downstream lateral drains and a downstream 
cutoff, and a maximum upstream 4-foot crest raise (SH&B, 1983b). Repair of the 1977 breaches 
at dam Stations 479+39 and 320+00 included removal of the concrete sill at dam Station 479 t 39 
and placement of compacted earthfill Mitigation for Wansverse cracking allowed for the 
reconstruction of the dam within the breach areas to restore the flood protection provided by the 
darn. 

Thc center filteridrain was extended from elevation 1357.0 (1358.87) feet to about the natural 
ground elevation, as detailed in Figures GA-4.1A and GA-4.1B. The central filterldrain 
consists of drain rock placed in a 2.5-foot wide trench. The drain rock is fully encapsulated in a 
geotextile, with the upstream side geotextile acting as a filter and the downstream side geotextile 
being coated to render it relatively impetmeable. Downstream outlet drains were constructed at 
66 locations, consisting of drain rock placed in a 2.5-foot wide trench and encapsulated in the 
coated geotextile. Slotted 12-inch diameter PVC pipe was placed in the bottom of the trench and 
connected to solid PVC pipe that extended beyond the toe of the embankment. In addition to the 
center filterldrain, a downstream cutoff was constructed near the downstream toe of the 
embankment as a continuous trench to a depth that ranged from 4 to 10 feet. The trench included 
a vertically buried relatively impetmeable, coated geotextile. 

The dam crest elevation was restored to its original elevation of 1361.0 (1362.87) feet with an 
upstream compacted earthfill crest raise. The height of the raise generally was less than about 
four feet, and was required due to regional land subsidence and, to a lesser degree, historic 
maintenance activities. Construction of the dam raise included use of soil from existing 
upstream borrow areas, portions of the existing Trilby Wash Dam north of dam Station 358+00, 
and stockpiled material that was previously excavated from the two breaches. The foundation 
area upstream of the dam was stripped, scarified and moisture conditioned prior to placement o l  
the upstream fill. The new embankment was bonded to the existing dam by benching with 2.5 
feet horizontal by one foot vertical benches as the fill advanced in elevations during placement. 



4.4 MCMICKEN FISSURE RlSK ZONE REMEDIATION PROJECT (2004-2005) 

During the SH&B investigations of the early 1980s, the presence of earth fissures was detected 
about 600 feet east of historic dam Station 63+50 (SH&B, 1982). The fissures are the result of 
horizontal strains induced by large-scale ground subsidence caused by consolidation of the 
alluvial basin sediments upon regional groundwater withdrawal. As part of the District's Phase 
11 Structures Assessment Program, additional studies were conducted by AMEC to further 
characterize fissuring in the vicinity of the embankment (AMEC, 2003h). The results of these 
additional studies indicated the presence of earth fissures and/or horizontal strain conditions 
sufficient for fissure development adjacent to and likely under McMicken Dam from 
approximate dam Station 56+00 to Station 65+00. A second moderate fissure risk zone extended 
from approximate dam Station 65+00 to Station 105 t00. 

Through an alternatives analysis process. an initial list of alternative designs was reduced to one 
preferred alternative (AMEC, 2003~). As a result of this process it was decided that remediation 
would only occur to protect the dam from the high hazard fissure risk zone, with additional 
investigation and extensive monitoring in the moderate hazard fissure risk zone during 
construction. Isolation was selected as the preferred alternative (AMEC, 2003~).  The isolation 
alternative included realigning the southern reach of the dam to remove that section in the high 
fissure risk zone. A 500-year, 6-hour return event level of flood protection was maintained for 
the area downstrcam of the watershed contributing to the decommissioned section by means of a 
below-grade detention basin. Mitigation components of the realigned isolation section included 
a hardened central soil-cement core and upstream apron with a compacted earthen embankment 
outer shell founded on cemented Pleistocene soils. all capable of spanning and erosion resistant 
to any future earth fissures. 

AMEC led a consulting team in the design or the preferred alternative. The design was 
completed in 2004 in accordance with Arizona Dcpartment of Water Resources (ADWR) 
requirements. Final design components included a soil-cement dam extension which extends 
from about dam Station 75+00 westward about 1,500 feet, a 49.9 acre-foot 500-year, 6-hour. 
detention basin, a diversion channel. and removal of about 3,000 feet of the existing dam 
embankment south of dam Station 75+00. Other associated project components included an 
upstream soil cement apron, a downstream HDPE pipelrock aggregate drain, and a suite of 
monitoring instrumentation, including conventional and advanced technologies, both proven and 
prototype. Construction of the McMicken FRZR Project was completed in late 2005. 

AMEC also performed post-design and quality assurance services during construction. 
Monitoring and inspection was performed by AMEC to ensure the adequacy of the foundation 
and to search for any evidence of earth fissures (AMEC. 2005). Poor quality foundation soils 
were removed during construction, leaving the new structure founded on the more stable 
foundation materials. 
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SECTION 5.0 HISTORY OF CRACKING 

5.1 USACE CRACK STUDY (1973) 

The USACE conducted inspections of McMicken Dam in 1964, 1966, 1969 and 1971, finding 
surficial irregularities at the crest in the form of surface erosion, small holes, and tunnels. As a 
result of these observations, in March 1972 five backhoe excavations along the crest were 
completed. Cracks of significant width were observed in 4 of the test pits that extended to depths 
varying from 6.5 feet to more than 14.5 feet. In June 1972, 40 shallow backhoe test trenches, 
each 20 feet in length, were excavated on the embankment crest by the USACE. At six locations 
between about dam Stations 356t75 and 497t20. transverse cracks wider than 118 inch and 
continuously extending to a depth greater than 3 feet were encountered. Areas of extensive 
cracking were further investigated in July 1972 by advancing bucket auger borings to establish 
soil profiles. Locations where cracking was observed are shown on Figure GA-5.1A. 
Subsequent to completion of the field studies, the USACE prepared a detailed report of the 
cracking at McMicken Dam (USACE, 1973). The USACE concluded that the cracking was 
largely due to regional land subsidence and documented the following other significant 
conclusions: 

* A high frequency of embankment cracking was observed from dam Stations 475t-00 to 
445+00 and dam Stations 295+00 to 265+00. 

* Continuing groundwater decline and surface subsidence will continue to influence the 
embankment. 

* Embankment materials are brittle and highly susceptible to cracking. 

Foundation and embankment materials may be susceptible to collapse upon saturation. 

Treatment to increase the embankment integrity from dam Stations 475+00 to 445+00 
and dam Stations 295+00 to 265+00 is required. 

5.2 FCDMC CRACK STUDY (1977) 

In 1977 the District performed a visual survey of the dam, with all signs of cracking, depressions 
or rodent holes documented and logged. A report was prepared by the District detailing the study 
of cracking at McMicken Dam (FCDMC, 1977). The two areas previously noted by the LSACE 
as being compromised by cracks were carefully scrutinized by the District. Nineteen possible 
cracks were documented between dam Stations 445+00 and 475+00, and eight possible cracks 
were documented between dam Stations 265+00 and 295+00. In comparison, the 1972 USACE 
investigation noted 26 and 22 cracks, respectively, in these same areas. 

As part of a corrective measure, the area between dam Stations 445+00 and 475+00 was 
investigated by the District. Procedures included excavating a 6-inch wide by 18-inch deep 
trench down the center of the dam crest, and then flooding the trench at approximate 20-foot 
intervals to discover the cracks. Once discovered. a backhoe was used to excavate each crack to 



full depth at the crest, with the excavation being extended to the upstream and downstream faces 
of the dam. After the crack was fully removed by trenching, the transverse trench was backfilled 
with excavation spoils in 6-inch thick lifts at about optimum moisture content and 95 percent 
relative compaction. 

It became quickly apparent to the District that the cracks were more numerous that originally 
anticipated. More than 100 cracks were observed in the first area of investigation, and they were 
more severe than had been expected, being as wide as 3 inches and as deep as 17 feet. Because 
of the large number of cracks encountered, the large amounts of water required and the time it 

was taking to obliterate the cracks (about two cracks per day), the District ceased repairing the 
cracks. The area between dam Stat~ons 2651-00 and 295+00. which was scheduled for the same 
treatment, was neither investigated nor repaired. The locations where cracks were observed are 
shown on Figure GA-5.lA 

The following conclusions were reportcd in the District's report (FCDMC, 1977): 

= There are indications that the cracking is continuous throughout the northernmost two- 
thirds of the dam (Greenway Rd. to the emergency spillway). 

The Iargc amount of transverse cracking is not totally caused by subsidence and could 
have one or more contributing causes. 

e Emergency corrective actio~ls and any permanent corrective measures are beyond the 
District's capabilities. 

5.3 SH&B STUDY (1982) 

In 1982 SH&B completed an investigation of McMicken Dan] to identify the cause or causes of 
cracking, the possible effects of land subsidence and earth fissuring, and changes in embankment 
geometry (SI-l&B, 1982). Investigations included trenching of suspected earth fissuc-e locations, 
detailed ground reconnaissance of the dam, borings at 75 locations, backhoe test pits at 36 
locations, and trenching (50 and 100 feet long, 18 inches deep) and flood testing along 21 
strategic portions of the dam crest. Rorings and test pit locations (TP15 - TP36), with the 
exception of those excavated to invesfigate possible earth fissures (TPI - TP14), are shown on 
Sheets I through 8. Observed cracks and holes were logged by SH&B; the locations of these 
features are shown on Figure GA-5.IA. 

The test drilling program was performed on the crest of the dam, near the upstream and 
downstream toes and on the old dam crest. The 75 borings were advanced by hollow-stem auger 
methods to depths ranging from 8 to 60 feet, with a distance between borings of approximately 
1,000 to 2,000 feet. Standard penetration tests were performed with disturbed SPT samples, or 
undisturbed tube samples obtained at 5-foot increments. 



Backhoe test pits included excavation of 36 pits with depths ranging from 4 to 21 feet. Fourteen 
of the test pits were utilized for fissure investigation purposes, and the remaining 22 test pits 
were excavated at the dam crest or at the embankment toes. Block samples of undisturbed soils 
were retrieved from the test pits for consolidation testing. 

SH&B concluded that the primary cause of embankment cracking was the result of settlement of 
a surface layer of collapsing foundations soils. Additional contributions to the cracking were 
from embankment shrinkage and post co~lst~uction settlement of the embankment. The 
occurrence of collapsible foundation soils and the intensity of cracking were more prevalent in 
the Trilby Wash area. However, SH&B concluded that a thin layer of collapsible soils and 
isolated cracking is present for the entire length of McMicken Dam. It was further concluded 
that the potential for future cracking due to collapsible soils was believed to be very low, 
considering the numerous occurrences of impoundment events. This was believed to be 
sufficient to produce most, if not all, cracking tiom collapsing foundation soils (SHBIB: 1982). 
A conservative example was provided with three inches of settlement potentially resulting from 
the wetting of a 5-foot thick layer of soil that has a collapse potential of 5 percent. If the 3 inches 
were representative of the differential settlement over a distance of 40 feet, maximum tensile 
strains of about 2 percent would result, well above the soil cracking threshold of about 
0.25 percent. 

'The SH&B report also included a detailed disc~~ssion of the potential for earth fissll~ing due to 
groundwater withdrawal. Review of subsidence docuinentation is not a focus of this report, but 
rather the principal Focus of an additional task of the Wittmann ADMP that AMEC has 
completed (AMEC, 2007). 

5.4 AMEC CRACK STUDY (2001) 

In 2001 AMEC completed an investigation of McMicken Dam for the purpose of evaluating 
longitudinal and transverse cracks on the crest, downstream slope and downstream toe of the 
dam (AMEC, 7003a). AMEC advanced 19 hollow-stem auger borings and excavated 22 test 
pits. Locations of the borings and test pits are shown on Sheets 1 through 8.  Borings were 
advanced at the dam toes to depths that ranged from 10 to 15 feet. Standard penetration tests 
were performed with disturbed SPT samples and undisturbed tube samples obtained at 
increments of 5-foot or less. l'est pits were excavated at the dam crest, downstream slope and at 
select locations along the downstream toe. 'Test pits ranged horn 3.5 to 8 feet deep with an 
average depth of 4 feet. Grab and bulk samples were retrieved from the test pits for 
characterization purposes. 

Included in the following sections is a summary of the discussion from the AMEC (2003a) 
report. 



5.4.1 Longitudinal Cracks on the Dam Crest 

AMEC (2003a) concluded that the longitudinal cracking observed along the crest of dam was 
due to a combination of causes. The priinary causes of cracking were reported to be the result oT 
desiccation exacerbated by erosion. Desiccation is a tensile distress that typically appears on 
surficial fine-grained soils and is the product of drying accompanied by shrinkage and cracking. 
AMEC further concluded that moisture contents increased with depth within the embankment 
and it was evident that drying of the embankment soils had occurred. Locations of the 
longitudinal cracks did not appear to be coincident with the location of the center filteridrain 
excavation limits. When investigated the center filteridrain was located along the downstream 
shoulder. As a result of the dam crest raise in 1984 the dam centerline shifted upstream. 

5.4.2 Transverse Cracks on the Downstream Slope 

Similar to the longitudinal cracks, AMEC (2003a) concluded that the transverse cracking on the 
downstream slope of the dam resulted from a combination or causes. The primary causes appear 
to be desiccation in combination with animal burrowing and runoff erosion. It appeared that 
significant desiccation of the embankment soils had occurred where more significant cracking 
was observed. The product of these processes is most evident along the northernmost portion of 
McMicken Dam where part of the MCMWCU No. 1 structure is still present. Significant 
erosion was documented in this area. AMEC also reported that the variability in collapse 
potential could result in differential settlements along the length of the structure, if water were 
impounded for a sufficient period of time to allow infiltration into the foundation soils. Thus, 
transverse cracking could occur as a result of collapsing foundation soils. 

5.4.3 Longitudinal Cracks along the Downstream Toe 

AMEC (2003a) concluded that depressions and longitudinal cracking located along the 
downstream toc of the dam are the result of loosely backfilled trenches from the construction of 
the geotextile cutoff in 1984. During excavation of test pits along the toe AMEC documented 
depressions at or along the downstream side of the filter fabric that was placed on the upstream 
face of the trench. The depressions were located in relatively low-lying areas that were sub.ject 
to periodic inundation during and following rainfall events. Water that ponded in these areas 
likely resulted in settlement of the trench backfill. 

5.5 RAM PRINCIPAL OUTLET STUDY (JANUARY 2004) 

RAM conductcd a gcotechnical investigation at McMicken Dam in June 2003. The investigation 
included dam Stations 478+00 to 480+00. The area investigated was inclusive of the area 
breached by the USACE in 1977 and reconstructed in 1984. The purpose of the RAM (2004a) 
investigation was to investigate a void'crack network near thc downstream toe at dam Station 
478+18, and to assess the existing condition of the reconstructed breach area. The geotechnical 
investigation involved a detailed ground reconnaissancc of the dam, 5 test trenches and 12 test 
borings. The test trenchcs wcre all excavated on the downstream side of the dam and extended 



into the dam starting rrom the toe. The 12 test borings were divided iuto 3 groups each 
consisting of 4 horings. The horing groups were located at dam Stations 478+00, 478+75, and 
479+50. Each horing group consisted of one boring at the upstream toe, at the crest of the dam, 
at the downstream toe, and downstream from the dam. Locations of the borings are shown on 
Sheets 1 through 8. 

RAM concluded from the investigation that the voidcrack network at dam Station 478+18 could 
act as a discharge point for the center filter drain if the two areas were connected (RAM, 2004a). 
The RAM report states, "Water entering the void network with sufficient head to daylight above 
the access ramp on the east side of the dam could result in piping of the dam material 
downstream of the center filter drain." AMEC understands this statement to mean any water 
moving through the center filterldrain could be intercepted and could potentially be transported 
through the void network. This condition could cause material downstream from the central 
drain to pipe. RAM recommended that the voidlcrack network be treated with the same priority 
and manner as other observed cracks within the dam with some additions. RAM recommended 
daily inspection of the voidlcrack network when reservoir impoundment levels are higher than 
elevation 1338.13 (1340.0) feet. RAM also recommended that concentrated surface flows on the 
downstream face above the access road should be limited. The main source of water on the 
downstream side is the ditch line between the toe of the dam and the access road. In order to 
prevent water from making its way into the voidlcrack network, RAM recommended lining the 
ditch with gunite, cast-in- place concrete, or asphaltic concrete. In addition to these findings and 
recommendations, IC4M determined that the remaining breach area had a low seepage potential 
and additional work was not warranted (RAM, 2004a). 

5.6 RAM PRINCIPAL OUTLET STUDY (APRIL 2004) 

RAM conducted a geotechnical investigation at McMicken Dam in June 2003. The purpose of 
the investigation was to investigate observed distress at the principal outlet structure. Key areas 
of interest included the under drainage system, the reinforced concrete outlet walls, and 
transverse cracking on the crest of the dam. The RAM (2004b) investigation employed the use 
o r  detailed ground reconnaissance of the dam, 5 test trenches, 5 test horings and approximately 
30 vacuum truck excavations. Locations of the borings and test trenches are shown on Sheets 
1 through 8. Portions of the investigation were directed toward the distress of the principal 
outlet whereas the remaining investigation focused on a transverse crack located at dam Station 
474+20. 

The RAM investigation recognized that the existing center filterldrain did not fully extend to the 
principal outlet structure. The central filierldrain was documented as ending approximately 28 
feet south and 24 feet north of the principal outlet. A transverse crack at the dam crest was 
observed south of the principal outlet within the area that the central filterldrain was absent. 
Upon completion of the investigation RAM determined that due to the location, configuration, 
depth, and size of the transverse crack that the probable cause was the result of longitudinal 
shrinkage of the compacted embankment fill and not movement of the principal outlet wall 



(RAM, 2004b). The RAM report recommended that the structural backfill be grouted in both the 
north and south sides of the principal outlet using a cementatious or urethane based grout. The 
grouted zones should extend the full width of the structural backfill. The area extending from 
the toe of the dam to the Beardsley Canal should be leveled to a uniform elevation of 1335.13 
(1337.0) feet. Finally, a surface filter blanket should be installed in the downstream face of the 
dam on either side of the principal outlet (RAM, 2004b). 

5.7 N&M PRINCIPAL OUTLET STUDY (2005) 

N&M conducted a geotechnical investigation of the principal outlet which started in April 2005 
and continued until June 2005. The purpose of the investigation was to fur(her assess the 
existing condition of the principal outlet and develop a remedial design (N&M, 2005a). 
Upon completion of the investigation, 12 potential failure modes (PFMs) were identified. 
Through a systematic approach N&M (2005b) narrowed the 12 PFMs to 4 credible PFMs as 
follows: 

Internal erosion through the embankment or transverse cracks near the principal outlet 
causes a breach. . Internal erosion along the soil-channel interface of the principal outlet causes a breach 

The principal outlet walls andlor floors fail due to a defective under-drainage system 
which leads to an uncontrolled release. . Ovetiopping of the dam at the principal outlet leads to uncontrolled release. 

Once the 4 credible PFMs were identified, an alternatives development workshop was 
conducted. N&M and its consulting team formulated I3  possible alternatives to reinediate the 4 
PFMs. The 13 alternatives were screened through various criteria to determine their feasibility. 
Criteria included strengths, weaknesses, resolution of the PFMs, optional improvements, level of 
design effort, resulting major negative consequences, preliminary cost estimates, and expected 
duration of repair. The results of the alternatives development and analysis performed by the 
N&M team included the identification of a combination of the following alternatives to 
satisfactorily address the 4 PFMs: 

Extend the existing center filterldrain to the outlet walls and continuing the filter along 
the back side of the principal outlet retaining walls (with the option of relocating the 
existing water-level instrumentation). 

e Raise the dam crest and principal outlet bridge deck elevations 

e Apply a water barrier to the Beardsley Canal Siphon. 

e Replace the principal outlet stilling basin wall drains and install uplift anchors to the 
stilling basin floor. 

* Abandon the existing drainage system under the stilling basin floor with non-pressurized 
grout. 



5.8 FCDMC PRINCIPAL OUTLET CRACK STUDY (MARCH 2006) 

During the February 2006 annual dam safety inspection, District staff documented an upstream 
transverse crack at approximately dam Station 475+25 (-1 1 feet south of the principal outlet). 
The crack was identified by a series of holes and openings 5 feet deep below the crest of the dam 
and extending down slope approximately 15 feet. Subsequent to the inspection, the District 
investigated the crack location in March 2006. Using a backhoe the crack was exposed to a 
depth of 3 feet, cleaned, and photo documented (FCDMC, 2006). The District concluded that 
the crack was generally hairline except for two areas where the craclc width was on the order of 
ll/q inch to 1% inch wide. It was not apparent whether the open aperture crack was the result of 
crack flow erosion or widening. Two longitudinal cracks. 15 to 17 feet down slope from the 
crest, were also observed intersecting the transverse crack. At the conclus~on of the investigation 
the test trench was backfilled with a l-foot thick layer of ASTM C-33 fine concrete sand and 
then capped with reconditioned and compacted excavation spoils, restoring the upstream slope to 
previous lines and grades. 

5.9 PRINClPAL OUTLET IlVTERlM DAM SAFETY MEASURES (2007) 

As a result of the April 2004 RAM investigation which recobmized that the existing center 
filterldrain did not fully extend to the principal outlet structure and conclusions from the March 
2006 District principal outlet investigation: the District concluded that the transverse cracking 
appears to continue and an interim measure is required for mitigation. The District 
recommended application of an interim dam safety measure to protect the area adjacent to the 
principal outlet from failure through a transverse crack (FCDMC, 2006). Design and 
implementation of an interim measure is currently being conducted by AMEC under FCD 
contract 2004C068, Work Assignment No. 2. 

As presently proposed, approximately 6 feet of the upstream dam slope will be removed by 
excavation for a distance of approximately 125 feet on either side of the principal outlet 
structure. The excavation will be cut at a 2.5: 1 (horizontal to vertical) slope sub-parallel to the 
existing slope and extended upstream of the existing dam toe to a depth of approximately 2 feet 
into the underlying Pleistocene soils (+lo feet below existing grade). A 1.5-foot thick granular 
filter blanket will cover the entire excavation. The granular backfill will be installed to serve as a 
filter over any underlying embankment cracks, with no need for drainage. A 16-oz non-woveil 
geotextile fabric will be installed above and below the filter to preclude the migration of filter 
material into any underlying embankment cracks and provide additional incidental filtering 
capacity upstream of the filter. The filter will then be covered with a 4.5-foot thick, compacted 
soil layer. 
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SECTION 6.0 GEOTECHNICAI, PROFILE 

6.1 NATIVE DAM FOUNDATION SOILS 

Of particular intercst to this study is the thickness of Iiolocene age soils along the dam profile. 
Holocene soils within this area are commonly described as uncemented, erodible, andior 
moisture sensitive (collapsible upon wetting), The Holocene age soils commonly overlie an 
older Pleistocene age soil that is a moderately to strongly cemented alluvial soil, less susceptible 
to erosion and collapse. it is also important to note that moisture-sensitivc soils may be 
Pleistocene in age. Therefore, caution is recommended when characterizing foundation soils on 
geologic age alone. The determination of a soil's ability to support structures should bc more 
focused on the soil properties rather than solely on geologic age. 

The native foundation soil conditions along McMicken Dam were assessed on the basis of 
historic and recent field and laboratory geotechnical investigations. flistoric investigations 
include those completed to support initial design and subsequent dam related modifications. 
Recent investigations include those conducted by AMEC in accordance with the current prqject 
scope of work. Investigations typically included soil borings, test pits, collection of disturbed 
and undisturbed soil samples for field description and Laboratory testing, and geophysical 
surveys. Abbreviated sun~maries of all investigation are detailed in Section 3.0. 

The native soil profile underlying the McMicken Dam embankment typically includes a shallow, 
weakly cemented, less dense surface layer of Holocene soils overlying denser, moderately 
cemented mid to late Pleistocene soils. However, at some isolated locations: coarser sand and 
gravel deposits extend from near the ground surface to depths of more than 10 feet. The shallow 
surface soils are predominantly fine grained, consisting of sandy silt and clay, and silty and 
clayey sand with a trace to some gravel. The soils typically are low in plasticity, with plasticity 
indices of 2 to 20: and occasionally as high as 30. This layer varies in depth from 1 to 10 feet. 
The surface soils are predominantly moderately firm to firm. Underlying the surface soils are 
more dense and more cemented soils composed of medium plasticity silty sand and clayey sand. 
These soils typically arc very firm to hard. 

Consolidationicollapse testing of the native soils along the downstream alignment of the dam 
was completed by AMEC in 2003 (AMEC, 2003a), which indicated the embankment foundation 
soils have a low to moderate collapse potential upon wetting. Thirty consolidationicollapse tests 
were conlpleted with all of the samples subjected to inundation at a load of 500 pounds per 
square foot (psf). The testing indicated a range in collapse potential of 0 to 6 percent for samples 
having dry densities of 89 to 108 pcf, and in situ moisture contents of 3 to 10 percent. All 
samples were collected fioin borings located downstream of the dam and east of the maintenance 
road. 



The McMicken Dam Restoration Study (SH&B, 1982) concluded that the structure is underlain 
by a deposit of collapsing soils from about dam Stations 250+00 to 500+00. 
Consolidation/collapse tests were performed on 13 native foundation soil samples as part of that 
study to estimate the potential collapse. SH&B collected samples from both upstream and 
downstream locations, and from beneath the dam, between about dam Stations 260-to0 and 
474+00. The samples were subject to inundation at a load of either 2,000 or 4,000 psf. The 
testing indicated a range in collapse potential of 0 to 14 percent for samples having dry densities 
of 89 to 112 pcf, and in situ moisture contents of 5 to 26 percent. 

AMEC's 2003 review of the data indicated that the foundation soils have a collapse potential, but 
that there is no distinct trend in collapse behavior as a function of location relative to the dam. 
Both upstream and downstream samples exhibit collapse potential when inundated. A few 
samples with higher in situ moisture contents did not change volume when wetted, most likely 
because the soil at these locations had previously been wetted and experienced collapse. A 
similar variability was observed in downstream samples, but the magnitude of collapse generally 
was less. This may be because the borings, in some cases, were located in areas that may have 
been wetted in the past as a result of local ponding caused by road grading or other maintenance 
activities. 

AMEC (2003a) concluded that there was a general decrease in collapse potential as a function of 
depth. However, this trend was skewed by the percent collapse results determined for samples 
from a depth of about 2 to 4 feet that were wetted at a load of 4,000 psf. These testing loads are 
significantly higher than the in situ overburden stress at these depths. Mean volume changes due 
to wetting tested by AMEC were generally constant with depth, whereas the volume change 
resulting from additional loading tended to decrease with depth. The variability in the 
foundation soils also is indicated by the penetration resistance profile shown in Figure GA-6.1A. 
First occurrence values greater than 30 of Standard Penetration Test (SPT) N-values for historic 
investigations are plotted along the dam profile. SPT values greater than 30 typically indicate 
soils of sufficient integrity to exhibit much less collapse during wetting. 

Additional native foundation characteristics of the dam soils were interpreted from the recent 
AMEC geophysical surveys completed immediately adjacent to the dam embanltments upstream 
and downstream toes. To aid in the earth fissure evaluation and geotechnical characterization 30 
refraction seismic surveys were generally completed at 3 locations along the dam alignment. 
Sixteen lines were completed along the upstream toe and 14 were completed along the 
downstream toe. 

Along the alignment of the dam from dam Stations 122+50 to 155+00, seismic lines 1-6 and 33- 
38 were completed along the downstream toe. Based on the p-wave velocities, a surficial 
horizon extends to depths of 0 to 5 feet from existing upstream toe grade. 'Typical p-wave 
velocities for this surficial horizon range from 670 to 1:400 fis. Underlying cemented horizon p- 
wave velocities typically range from 1:100 to 2,800 6's from 5 to 15 feet below existing grade. 



Below 10 to 15 feet p-wave velocities typically are greater than 2,400 f!s. Velocity reversals 
under the cemented horizon below a typical depth of about 25 feet below existing grade are 
indicated in the ReMi shear wave profiles. S-wave velocities above a depth of about 25 feet are 
1,400 to 2;100 f!s, and below a depth of about 25 feet are 620 to 1,000 fls. 

Along the alignment of the dam from dam Stations 274+00 to 300+00, seismic lines 8-15 were 
completed along the upstream and downstream toes. Based on thc p-wave velocities, a surficial 
horizon extends to a depth of 0 to 5 feet from existing grade. Typical p-wave velocities for this 
surficial horizon range from 1,100 to 11300 fls. Underlying cemented horizon p-wave velocities 
typically range from 1,400 to 2,600 fls from 5 to 15 feet below existing grade. Below 10 to 15 
feet p-wave velocities typically are greater than 2,600 f!s. Vclocity reversals under the cemented 
horizon below a typical depth of about 20 to 25 feet below existing grade are indicated in the 
ReMi shear wave profiles. S-wave velocities above a depth of about 20 feet are 880 to 1,500 f!s, 
and below a depth of about 20 feet are 870 to 1,000 f!s. 

Along the alignment of the dam from dam Stations 478+00 to 498+00, seismic lines 29-32, 39- 
41, and 61-63 were completed along the upstream toe. Based on the p-wave velocities, a 
surficial horizon extends to a depth of 5 to 10 feet from existing upstream toe grade. Typical p- 
wave vclocitics for this surficial horizon range from 1,100 to 1,700 Us. Underlying cemented 
horizon p-wave velocities typically range from 1,700 to 3,400 fls from 5 to 15 feet below 
existing grade. Below 15 feet p-wave velocities typically arc greater than 2,900 fls. Velocity 
reversals under the cemented horizon below a typical depth of about 30 feet below existing grade 
are indicated in the ReMi shcar wave profiles. S-wave velocities above a depth of about 30 feet 
are 1,400 to 2:300 fls, and below a depth of about 30 feet are 800 to 1,000 f!s. 

6.1 .I  Foundation Preparation 

Review of the as-built dam embankment drawings indicates limited removal of existing soils was 
completed within the footprint of the dam during its construction in 1955 and 1956. 
Approximatcly 1 to 2 feet of the existing foundation material was removed by stripping prior to 
construction of the dam embankment. ?'he existing 1952 interim dam embankment built by the 
MCMWCD, located between dam Station 357t00 and 474+50. and was incorporated into 
current McMicken Dam. According to as-built drawings, fill from McMicken Dam was keyed 
into the existing interim dam embankment by means of 2 foot wide by 1 foot high steps. 
Documentation or  the McMicken Dam foundation preparation was not located. Figure GA- 
6.1.1.4 dcpicts the approximate foundation profile after 2 foot of stripping and an elevation 
datum shift from NGVD29 to NAVD88. 

Restoration of the dam crest elevation to as-built elevations in 1984 was accomplished by 
placement of compacted earthfill on thc upstream slope. The upstream restoration earthwork 
was founded on a prepared upstream toe foundation. Upstrcam toe preparation included the 
removal of 2 feet of material, scarification and moisture conditioning of the exposed surface, and 
re-compaction prior to new fill placement. 



6.2 DAM EMBANKCtlENT SOILS 

The discussion included in this section related to the composition of the dam embankment soils 
is an update to the discussion included in the AMEC (2003a) report. Based on their index 
properties (grain-size distribution and Atterberg limits) and thcir location, the dam embanhlent 
materials can be subdivided into three general categories. The embankment soils from dam 
Stations 75+00 to 250+00 consist of low plasticity silty and clayey sand with gravel, and lesser 
amounts of medium plasticity silt and clay. In-placc dry density values vary from 101 to 117 
pcf, compared to maximum dry density values (standard Proctor) of 115 to 125 pcf (AMEC; 
2003a). 

The embankment from dam Stations 250+00 to 500+00 can be divided into two distinct sections. 
depending on whether the embankment includes the older 1952 interim dam. The existing 
McMicken dam embankment soils are predominantly sandy clay, sandy silt and clayey sand of 
low to medium plasticity. In-place dry density values along this section vary from 97 to 128 pcf, 
compared to maximum dry density values (standard Proctor) of 116 to 124 pcf (AMEC 2003a). 

The third section consists of the 1952 interim dam located between dam Stations 357+00 and 
about 474+50. Rased on a very few samples, the soils in this section consist predominantly of 
low to medium plasticity sandy clay, with silty and clayey sand and gravel. In-place dry density 
values along this section vary from 92 pcf to 124 pcf (AMEC 2003a). 

The moisture content of the near-surface embankment soils sampled and tested between 2001 
and 2005 varied from 1 to 11 percent based on laboratory testing. All available moisture content 
values from h~storic investigations are plotted in Figure GA-6.2.4 as a function of depth below 
the dam embankmcnt surface, and are compared to the mean (about 12.5 percent) and standard 
deviation range (about 10 to 15 percent) of placement values when the embankment was 
constructed in 1955 and 1956. Figure GA-6.2A indicates that the embankment soils have 
undergone drying since thcir placcinent. 

Detailed quality control testing data is not available, but summaries of the 963 in-place density 
and moisture content tests performed on the cmbanknlent soils at the time of placement 
(USACE, 1957) were reviewed by AMEC (2003a). Normal distribution cuives were fitted to thc 
data by AMEC to estimate the mean and standard distribution. AMEC (2003a) concluded that 
the moisture contents at thc time of placement ranged from 10 to 15 percent with a mean of 12.9 
percent and a standard deviation of 2.7. Additionally AMEC (2003a) reported that the placement 
moisture contents typically were in the range of about plus or minus 2 percent of optimum 
moisture content. Mcan dry densities at the time of placement were 115.5 pcf with a standard 
deviation of 6.5 pcf. Finally, relative compaction data had a mean of 96.8 percent and a standard 
deviation of 3.2 percent. Therefore, AMEC (2003a) concluded that the dam embankment soils 
generally were placed at a relative compaction of about 94 to 100 percent. 



Based on statistical analysis of compaction testing of finer-grained soils used to construct 72 
Bureau of Reclamation dams, Hilf (1991) recommended standard deviations of 1.5 perccnt for 
quality control of moisture content and 3.0 percent for quality control of relative compaction. 
The estimated standard deviations for the McMicken Dam quality control data are only slightly 
larger than these recommended valucs. From these results AMEC (2003a) concluded that 
comprehensive, acceptable quality control practices were followed when the dam was 
constructed, and that a quality, relatively uniform embankment was constiucted. 

Plasticity index values for fine-grained dam embankmcnt soils and the finer-grained fraction of 
the coarse-grained embankment soils for all available studies are plotted on a standard plasticity 
chart in Figure GA-6.2B. As shown, plasticity index valucs range from 1 to 29 with most of the 
values greater than I and less than 20. Figure GA-6.2B indicates the embankment soils 
generally are low to medium in plasticity. 

AMEC (2003a) concluded that the dam embankment soils generally were not dispersive, based 
on testing they performed, but do have erosive characteristics. Of the pinhole dispersion tests 
conducted on 10 samples, 6 were non-dispersive (classifications ND1 and ND2) and 4 were 
slightly to moderately dispersive (classification ND3). However, the doublc hydrometer tests 
conducted on the same samples indicated 0.0 percent dispersion in all cases. The results of four 
tests performed on remolded foundation soils as part of the 1982 SflB study also indicated the 
soils were non-dispersive (classification ND1). Based on thcse test results, AMEC suggested that 
the pinhole dispersion test results performed as part of the 2003 study were indicative of the 
potential erosive characteristics of the soils, not their potential for dispersion (AMEC, 2003a). 

Piping resistance categories developed by Sherard (1953) also are shown in Figure CA-6.2B. 
Category 1 soils have the greatest resistance to piping, Categoiy 2 soils have an intermediate 
resistance to piping and Category 3 soils have the least resistance to piping. Although the 
resistance to piping also is dependent on grain-size characteristics, Figure GA-6.2B indicates 
that the McMicken Dam embankment soils generally are resistant to piping, with the great 
majority being Category 1 and 2 soils. Those soils determined to be Category 3 are located 
randomly throughout the embankment and typically are derived from the more silty or sandy 
lenses ofthe native soils. 

6.3 NATIVE EMERGENCY SPILLWAY FOUNDATION SOILS 

The general geotechnical characteristics of the existing emergency spillway were determined 
based on existing geotechnical data and limited geophysical surveys. Two refraction seismic 
surveys were completed to characteriz. e the near surface soils adjacent to the existing emergency 
spillway weir structure. Investigation locations included seismic survey lines at approximately 
dam Stations 515+00 and 5241.00, and 5 USACE borings, 3 of which are within the existing 
emergency spillway structure footprint and the others are 1,000 to 1,200 feet downstream within 
the area where the emergency spillway discharges downstream. 



In the vicinity of the existing emergency spillway weir structure, seismic lines 76 and 77 were 
completed. Rased on the p-wave velocities, a surficial horizon extends to a depth of 0 to 4 feet 
below existing grade. Typical p-wave velocities for these surficial horizons range from 830 to 
1,400 foot per second (fls). Underlying cemented horizon p-wave velocities typically range from 
1:700 to 2,500 fls from a depth of 4 to 16 feet below existing grade. From approximately 15 feet 
below existing grade p-wave velocities increase to 3,300 fls. Velocity reversals under the 
cemented horizon below a typical depth of about 25 to 30 feet below existing grade are indicated 
in the ReMi shear wave profiles. S-wave velocities above a depth of about 25 feet are 1,600 to 
1,800 Ws, and below a depth of about 25 feet are 830 to 1,000 Us. 

USACE (1957) exploration borings 52-1, 52-2, 52-47, 52-48, and 52-49 were completed during 
the initial dam design to depths ranging from 21 to 33 feet. Boring logs indicate a relatively 
shallow cemented zone from near surface to 14 feet below grade. Soils typically consist of silty 
sandy gravel, clayey sandy gravel, and sandy clay. 



SECTIOK 7.0 CENTER FILTERIDRAIN 

7.1 OVERVIEW 

From 1982 101983, SH&B conducted two geotechnical investigations of McMicken Dam to 
assess the mechanism causing cracking of the embankment. As a result of its work SH&B 
recommended that a restoration project be initiated to mitigate several dam safety deficiencies. 
One of the recommendations was to install a center filterldrain along the entire length of the 
dam. The constructed center filterldrain extends from elevation 1357.0 (1358.87) feet to about 
the natural ground elevation, as detailed in Figure GA-6.1.1.A. The central filterldrain consists 
of drain rock aggregate placed in a 2.5-foot wide trench along the approximate dam centerline. 
The drain rock is encapsulated in a geotextile, with the upstream side geotextile acting as a filter 
and the downstream side material being coated to render it relatively impermeable. Downstream 
outlet drains, constructed at 66 locations, consisted of drain rock placed in a 2.5-foot wide trench 
and encapsulated in the coated geotextile. Slotted 12-inch diameter PVC pipe was placed in the 
bottom of the trench and connected to solid PVC. pipe that extended beyond the toe of the 
embankment. In addition to the center filterldrain, a downstream cutoff was conshucted near the 
downstream toe of the embankment as a continuous trench to a depth that ranged from 4 to 10 
feet. The trench included a vertically buried coated geotextile. 

7.2 MATERIALS 

7.2.1 Filter/Drain Aggregate 

Drain rock materials were utilized in the center filterldrain and outlet drains. The aggregates 
selected were tested according to ASTM standards during construction to insure that they met 
project specifications. Completed tests included sieve analysis (ASTM D-2487), soundness 
(ASTM C-88): specific gravity (ASTM C127-81) and abrasion (ASTM C-535). 

The table below summarizes the SH&B design drain rock wain size requirements included in the 
project specifications. Additionally included in the table is a summary of the drain rock 
aggregate grains sires documented as being used in the construction of the center filterldrain. 

I . _ _  I Percent Passine I Percent Passing I 

I 6 inch I 100 I 100 I 

318 inch 1 0.100 
L/n inch 0-70 
No. 4 0-60 
No.8 0-2 

I 2 inch 
1-112 inch 

1 inch 
314 inch 
% inch 

A- 100 
75-100 
25-95 
20-75 
5-25 



The wide specification range was recommended by SH&B to allow for the maxin~um use of 
available material since over 100,000 cubic yards was estimated as being required for 
construction of the center filteridrain and associated outlets. A coefficient of uniformity (Cu) of 
4 was also specified. 

7.2.2 Geotextiles 

Geotextiles were used in both the center filteridrain and downstream cutoff as a part of the 
McMicken Dam restoration project. The geotextiles utilized required speciiic elastic properties 
in order to protect against future cracking within the dam. In order to analyze these properties, 
SH&B perfonned several modified standardized ASTM tests along with a newly devised, project 
specific test. The reader is directed to the SH&B (1983a) for details of the modified tests. 

7.2.2.1 Strength Tests 

The standard tests used to evaluate the geotextiles included, grab strength (ASTM D-1682), 
trapezoidal tear (ASTM D-751), EOS (CW-02215), and puncture (ASTM D-751). While these 
tests were all standard tests for geotextile fabrics, many of them were slightly modified by 
SH&B to allow utilization of available testing equipment and to better simulate conditions 
particular to the McMicken Dam Project. 

The newly created, project specific test, was identified by SH&B as the "Pullout Test". In this 
test a % inch thick steel plate box with dimensions of 24 inches by 24 inches and 9 inches in 
depth was utilized. The test box apparatus housed a sample of geotextile placed between a 
compacted clay soil and subangular 318 inch gravel. This condition simulated the interface of the 
existing soils dam and the proposed center filteridrain with a geotextile separation. The box 
allowed for 4 inches of compacted embankment soil to be placed at the bottom overlain by an 
18-inch by 12-inch piece of geotextile material. The material was cut and laid out so that it was 
positioned in the direction of the roll (simulating field installation conditions), with 2 inches of 
the long end protruding from a %-inch wide slot. Essentially, a 16-inch by 12-inch piece of 
geotextile remained in the box. The slot was located 4 inches from the bottom of the steel box 
(the height of the soil layer), and was 18 inches long. Once the geotextile was in place, 4 inches 
of uniformly graded 318 inch gravel was place on top. The remaining inch in the steel box was 
filled with a rubber bladder and sealed with a steel plate on lop. The bladder was pressurized to 
5 psi and 10 psi in order to simulate expected confining pressures within the dam at the mid- 
depth (12.5 feet) and bottom depth (25 feet), respectively. 

The ?-inch piece of geotextile extending out of the box was connected to a manual hand operated 
tensioning device which measured the load with a direct reading tension load cell. Loads could 
be measured up to 1,600 pounds in 1 pound increments. As the geotextile was loaded, the strain 
was measured with a dial gauge. Each test continued until the geotextile either failed or strained 
1 inch. The results of SH&B's testing were used in selecting acceptable geotextile for the 
project. 



7.2.2.2 Permeability 

In addition to the strength tests perlormed on the geotextiles, permeability testing was also 
conducted. If a crack was to occur in the dam; the geotextiles would be exposed to soil borne 
water. This test was conducted to determine the clogging potential of the center filteridrain and 
downstream toe cutoff geotextiles. 

The geotextiles were cut into approximately 3-inch square samples and placed in a "special 
constructed constant head permeameter which allowed for gradual addition of known amounts of 
turbid water" (SH&B, 1983a). Testing procedures included establishing a constant head flow 
through the geotextile followed by the addition of 50 milliliters of prepared turbid water. Soil 
particles caught by the geotextile decreased the flow rate during the test. Once the flow rate had 
become stable this step was repeated with a 400-milliliter and 200-milliliter sample of turbid 
water. In nearly all of the cases studied the permeability was reduced to near the lower limit of 
measurement. This reduction "occurred in less than 15 minutes, and usually in 30 seconds to 2 
minutes" (SH&B. 1983a). 

Upon completion of the testing, SH&B determined that the following geotextiles would be 
appropriate for the project: 

1 Manufiaeturer 1 Geotextile Type 1 
Amoco 

Propex 1325 
C7305* 

Carthage Mills Polyfilter X 
Crown Zellerbach Fibertex Ten- 1 

DuPont 

Dominion Textile 

Typar 3601 
T v ~ a r  TO63 * 

Mirafi 140N 
Mirafi 500X 

Mirafi MCFSOO* 

" coated impermeable geotextile 

, * 

The following specifications were recoinmended by SH&B and were included in the project 
contract documentation: 

Griffolyn Transguard 2000 



Coated Center Drain & 
Center Drain & Toe Cuto 

1 60 pounds minimum 1 40 pounds minimum machine i 

Grab Tensile Strength* 

machine direction of roll direction of roll (warp), 40 1 
Trapezoidal Tear* 

(warp), 15  pounds minimum pounds minimum perpendicular 1 
1 perpendicular (weft) 1 (weft) 

Puncture (1" Ball)* 1 180 nounds minimum 1 140 nounds minimum 

machine direction orroll 
(warp), 90 pounds minimum 
~emendicular (weft) 

direction of roll (warp), 90 
pounds minimum perpendicular 
(weft) 

- 
Pullout Test Elongation at 
10 psi Overburden Load 

PermeabiliW 

*Test modified 

1 

I No larger than U.S. Standard 
Equivalent Opening Size 1 

Sieve No 20 

In 1997, AGRA Earth and Environmental, Inc. (AGRA - predecessor to AMEC) sampled both 
the upstream permeable and the downstream impermeable geotextile materials from 3 locations 
(dam Stations 281+00, 462-to0 and 60+50). Each sanlple was divided into multiple specimens in 
order to conduct laboratory tests. Grab tensile strength (ASTM D4632j, puncture resistance 
(ASTM D4833) and trapezoidal tear strength (ASTM D3533) tests were performed. Except for 
the pameable sample fiom dam Station 462+00, 40 specimens were tested for each sample. The 
permeable sample fiom 462+00 had 23 total specimens tested. 'The table below summarizes the 
averaged values per test sample: 

1.0 inch minimum 

1x10.~ ctu/s minimum 

NIA 

I .O inch minimum 

1 x 10.' c d s  minimum 

/ Impermeable I at Sta. 281-to0 
Permeable at 
Sta. 281-100 

The complete AGRA test results are included in Appendix D 

Permeable at 
Sta. 462+00 
Impermeable 

Trapezoid Tear Strength 

Puncture Test 

Puncture Test 

40 lbs. 

180 lbs. 

at Sta. 462+00 1 Puncture Test 

37 lbs. 

123 lbs. 

180 lbs. 1 18 lbs. 

140 lbs. 123 lbs. 



7.2.3 Construction 

Construction of the center filterldrain and downstream geotextile cutoff began in November 1983 
at the south end of the dam in the vicinity of dam Station 58+00. The first. step in the 
construction process was to install the downstream geotextile cutoff. A backhoe was used to 
excavate an approximate 3-foot wide, 4 to 10-foot deep trench at the downstream toe of the dam. 
Once the trench was excavated to design lines and grades crews stretched the impermeable 
coated geotextile along the trench upstream side wall. As a result of the low density soils along 
the downstream toe the contractor had to utilize safety belts and a cable system to avoid any 
trench caving accidents. Six-foot long hooks were use by the contractor to hold the geotextile in 
place for backfilling. Once the geotextile was properly positioned, a bulldozer backfilled the 
trench securing the geotextile in place. These steps were repeated until the roll of geotextile ran 
out and a new roll had to be added by sewing to an adjacent roll. When connecting the two rolls 
an overlap of at least two feet was utilized. The sewn seam was complete in the field with a "J" 
seam using two polypropylene thread double locked stitches with five to six stitches per inch. 
The downstream cutoff construction was completed in December of 1983. While it was no1 very 
well documented in the SH&R co~lstruction reports, AMEC has interpreted that the downstream 
cut-off was constructed from historic dam Station 40+00 to dam Station 503+00. 
Documentation of the methods in which the geotextile cutoff was installed around the two 
existing and three abandoned outlet conduits is inconclusive. As-built and construction 
documentation reviewed by AMEC do not fully document the installation at the outlets. 
However, during the AMEC 2003 investigation the downstream excavations utilized to locate 
the three abandoned outlet pipes were near coincident with the downstream geotextile cutoff. 
Review of investigation photos shows the geotextile running past the downstream terminus of 
the abandoned outlets. 

Review of correspondence between AMEC and the District (AMEC, 2001) detailed the methods 
in which the AMEC 2003 test pit excavations would be backfilled to repair the geotextile cutoff 
compromised during the investigation. Areas in which the existing geotextile was disturbed 
were to be replaced with a Reltech Style 304 woven geotextile. Methods included loosely fitting 
the material against the excavation surface on the embankment side of the test pit and then sewn 
to connect to the existing geotextile. Although detailed documentatioil confirming that this 
method was utilized at all test pit locations was not located, a photograph from a 2001 ADWR 
supplemental inspection report shows installation of the new geotextile (ADWR, 2001) further 
supported by communication with AMEC engineers responsible for conducting the investigation. 

Upon completion of the downstream cutoff, construction of the center filterldrain and outlet 
drains was initiated. The initial step was to excavate the dam crest to the top of trench grade by 
removing approximately two feet of the dam crest. Following removal of the crest a trencher 
excavated a 2.5-foot wide trench that extended down to the native foundation soils. As the 
trencher moved along the dam the geotextile envelope was place in the trench. The envelope 
required the use of both impermeable (coated) and permeable geotextiles sewn together with a 
minimum 2-foot overlap. The specification called for the downstream (coated) geotextile to be 



sewn underneath the upstream geotextile. Once the geotextile was in place, an 18-inch wide 
conveyor delivered drain rock to the trench for backfill. The drain rock grain size was 
periodically tested on-site by SH&B representatives to ensure quality assurance control. In the 
early stages of coilstruction the drain rock was detennined to be marginally out of specification 
at the No. 8 sieve by no more than 3 percent. Adjustments were made by the contractor to 
remedy the grain size distributions. Over 150 quality assurance sieve analyses were completed to 
ensure the drain rock met the project specifications. The results of these tests can be found in 15 
field reports completed during construction by SH&B (SH&B. 1983b). As-bnilts were prepared 
by SH&B shortly after construction. AMEC's review of the as-builts indicates that the central 
filterldrain extends approximately between historic dam Station 401-00 and dam Station 507+00. 
I-Iowever, as discussed in Section 5.6, the RAM April 2004 investigation contradicted the as- 
builts by discovering that the central filteridrain does not extend fully to either side of the 
principal outlet. 

Historic documentation of the method in which the central filterldrain was installed at each of the 
existing outlet pipes is not clearly conclusive at all locations. The SH&B as-builts do not 
document the installation at the two existing and three abandoned outlets, however, the field 
reports do briefly discuss related activities. At the existing outlet at dam Stations 387-1-14 and 
398+24, SH&B reported that the contractor raised the trencher boom to avoid the outlet pipes 
(SH&B. 1983b). At the abandoned outlet at dam Station 402; 98 SH&R reported that the 
trencher encountered the pipe at a depth of 27'-9" and brought a small piece of metal to the 
surface. The contractor immediately raised the trencher boom to 26-ft. to avoid the outlet 
conduit (SH&B, 1983b). Coilstruction documentation for central filteridrain installation at the 
other two abandoned outlet pipes (dam Stations 427+17 and 442+60) was not located. 

As the project progressed along the length of the dam outlet drains were excavated from the dam 
center filterldrain trench to the downstream side. Outlet trenches were similar to the center 
filterldrain in width (2.5 feet) and depth (down to native foundation soils). The outlet consisted 
of a trench lined with the same impermeable geotextile found on the downstream side of the 
central filteridrain. The same specified aggregate was used to connect the center filterldrain 
trench to the downstream outlet drains. At each of the downstream drain outlets a 12-inch 
diametel- PVC drain pipe was installed at or near the bottom of each drain. Starting from the toe 
of the dam a solid piece of PVC pipe extended 10 feet into the dam embankment where it 
connected to a 20-foot long, 12-inch diameter, slotted PVC pipe. 

Initially a Mirafi 500x permeable geotextile and a Mirafi MCF-500 coated geotextile were 
selected and installed by the contractor. At some time later an Amoco coated geotextile was 
utilized. AMEC's review of construction reports is inconclrlsive regarding the location in which 
the differing material brands wcre installed. Historic records do indicate that regardless of the 
brand all materials meet the required specifications. 



The construction techniques were use by two separate crews, one that started on the north end of 
the dam and one at the south end. However, a dispute between the primary contractor and a 
subcontractor stopped construction around April 1984. A short delay ensued and a new 
subcontractor began constnlction around the middle of May 1984. The new subcontractor 
installed the central filteridrain with a different technique. Instead of using a trenchcr for ihe 
center filterldrain, a backhoe was used for trenching. In addition, dump trucks delivered drain 
rock, 10 cubic yards at a t~me.  Thc dump truck straddled the open excavated trench and dumped 
the drain material Into a chip stone spreader which would funnel drain material into the trench. 
These techniques were usc for the remainder of the construction, which ended in early 
August 1984. 
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SECTION 8.0 mDITIONAL DAM MODIFICATIONS 

8.1 KORTH DIKE REPAIR (2002) 

AMEC conducted an inspection, completed a repair design, and preformed construction quality 
assurance on three breaches north of the McMicken Dam emergency spillway (dam Station 
525+00 to 535+00) from June to August of 2002 (AMEC, 2002b & 2002~).  The breaches were 
the result of historic erosion of the up and downstream slopes which eventually head cut 
sufficiently to breach the dam. The project was completed for the District south of the 
intersection of Deer Valley Road and Grand Avenue (U.S. Highway 60). Prior to design and 
construction of the breach repairs, discussions with ADWR were held to identify the repair 
requirements. It was concluded the dam would be repaired "in kind" in order to match the 
original slopes, crest width and height. An ADWR application was submitted by the District for 
these activities. 

The breaches were located between dam Station 525+00 and the terminus of the dam at Station 
535+00. The prima~y breach was located at approximately dam Station 530+65 and was nearly 
45 feet in length and over 4 feet deep. The second breach consisted of two smaller breaches 
located at dam Stations 528+60 and 528+95. These two breaches combined to form one 
prominent breach which extended approximately 60 feet from dam Stations 528+28 to 529+05. 
In order to restore these sections of the dam the breach sections were over excavated in order to 
remove roots and affected embankment soil. The areas were then filled with 8-inch thick loose 
lifts and compacted to match the original dam lines and grades. 
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SECTION 9.0 OUT1,ETS AND PENETRATIONS 

9.1 EXISTING OUTLETS 

The darn includes two existing 24-inch diameter corrugated metal pipe (CMP) outlets located at 
dam Stations 385+14 and 398+24. Both outlets were remote video inspected in April 2003 
under the direction of AMEC. As a result of the video observations concerns were identified 
with respect to the outlets' existing integrity related to possible settlement. joint displacement 
and possible corrosion. The outlets were ordered closed by the District and the operators 
removed until repairs or replacement could be con~pleted. Details included herein related to the 
integrity of the existing two outlets are suminarized from the AMEC (2003a) report. 

9.1.1 Existing Outlet at Dam Station 387+14 

Video inspection of the CMP outlet determined a total pipe length of 198.5 feet. Fluctuations in 
the pipe inverl elevation were observed by changes in standing water levels through the length of 
the pipe. Most of the pipe had some standing water, and the depth of the water was an average 
of % to ?A inch deep. Gradual increases in the depth of water started at about 148 feet from the 
upstream end of the pipe. A tnaxitnum depth of about 5 to 6 inches was observed between 158 
and 186 feet from the upstream end. The depth of water beyond 186 feet decreased to 
approximately % inch. 

A careful inspection of joints and bolts at various locations along the length of the pipe was 
performed. At a distance of 55.2 feet from the downstream end of the pipe, a bulbous mass 
along a joint was observed. The makeup of the mass could not be discerned but it appeared to be 
somewhat solid, potentially a type of sealant. When the MCMWCD No. 1 interim structure was 
incorporated into McMicken Dam an estimated 70 feet of pipe was added to the outlet pipe to the 
upstream side. The location of the material did not coincide with the location of the original 
headgate (pipe extension starting point) of the pipe. 

9.1.2 Existing Outlet at Dam Station 398+24 

Video inspection of the CMP outlet indicated a total pipe length of 192.8 feet. Fluctuations in 
the pipe invert elevation were apparent with changes in water level within the pipe. Most of the 
pipe did not have standing water; however, some isolated areas did have standing water valying 
from % to 2 inches in depth. 

Careful inspection of joints and bolts at various locations along the length of the pipe was 
performed. Evidence of corrosion was found from the upstreain opening to about 4 1 Ceet into the 
pipe. This area also had the most significant amount of standing water. At 49.2 feet into the 
pipe from the upstream end a mass was located that appears to have come from the joint. The 
composition of the mass could not be discerned but it appeared to be somewhat solid. 



9.2 ASBESTOS TESTING 

Relatively small samples of the two pipe coatings were collected for asbestos testing. The 
laboratory test results indicate that asbestos was not present within the pipe coatings. However, 
due to the limited sample size, AMEC recommended that additional sampling and testing be 
performed when better access to the pipes could be provided (AMEC, 2003a). 

9.3 ABANDONED OUTLETS 

In 2003 AMEC investigated and reported that three CMP outlets were abandoned when the 
MCMWCD No. 1 dam structure was incorporated into the cons t~c t ion  of McMicken Dam by 
the USACE in 1956. Details and notes from the as-built drawings for McMicken Dam (USACE, 
1956) indicate abandoi~ment of the structures was to include removal and salvage of headgates, 
frames and wood catwalks. Concrete plugs were then to be placed within the existing 24-inch 
diameter CMPs on the upstream portion of the pipe with the 24-inch pipe to remain in place. 

The locations of the abandoned pipes were previously unknown until the 2003 AMEC, 
investigation. AMEC located all three abandoned structures with the use of as-built drawings, 
historic aerial photographs, Ground Penetrating Radar (GPR) surveys, and trench excavations. 
The downstream excavations utilized to locate the pipes were near coincident with the 
downstream geotextile cutoff installed in the mid-1980s. A videotaped inspection of the three 
outlets was performed to assess their condition and document their geometry. It is important to 
note that standing water and moist soil was observed in each of the video inspections. The 
moisture was the result of a storm event that occurred just after the downstream ends of the pipes 
were exposed. The excavations used to locate the pipes were inundated during the storm event. 
Pre-event observations by AMEC indicated that at the time the pipes were first exposed, standing 
water and moist soil conditions were not observed. Details included herein related to the three 
abandoned outlets are summarized from the AMEC (2003a) report. 

9.3.1 Abandoned Outlet at Dam Station 102+98 

The CMP invert was located about five feet below existing grade. The. pipe is filled with a 
considerable amount of sediment or backfill. AMEC was able to clear the openiug of the pipe 
for a distance of about 15 feet back of the downstream opening to allow videotaping. Soil 
beyond this point was observed to be about six inches deep and very moist to wet. Because of 
these conditions, the tracked camera could not traverse beyond this point in the pipe. A nest of 
young snakes was encountered by AMEC during the investigation, indicating a pathway into the 
pipe from the ground surface possibly existed. No evidence of voids or rodent burrowing was 
noticed at grade prior to excavation. No open joints or holes were noted when the downstream 
end of the pipe was videotaped, nor were any areas of corrosion noted. 



9.3.2 Abandoned Outlet at Dam Station 427+17 

The CMP inverl was located at about four feet below existing grade. The pipe was void of 
significant sediment or backfill beyond the opening. Videotaping of the pipe determined it 
extends 73 feet into the dam from its downstream end. AMEC (2003a) concluded through the 
video inspection of the pipe that its condition was very good to excellent. No evidence of 
coi~osion or separated connections was noted. Standing water was encountered near the 
upstream end of the pipe which is equivalent to the approximate centerline of the dam. 
A wooden bulkhead was encountered at the upstream end of the pipe. It appeared to be in good 
condition with little or no degradation noted. The bulkhead appeared to have been grouted. 

9.3.3 Abandoned Outlet at Dam Station 442+60 

The CMP invert was located at about 4.5 feet below existing grade. The pipe was filled with 
sediment or backfill to a distance of about 20 feet upstream from the downstream opening. The 
upper 8 inches of the pipe was observed to be open and accessible. Some visual observations 
indicated that thcrc had been occurrences o r  water having traveled on the surface of the sediment 
or backfill. The pipe was estimated to extend 75 feet into the dam from its downstreain end, 
based on the geonlehic relationships; however the tracked camera used to videotape the pipe 
could only traverse about 35 feet into the pipe because of the sediment or backfill. AMEC 
(2003a) did not report any evidence of significant corrosion or distress where the pipe was 
videotaped. 

The standing water in outlet 427 t17, the indications of water flow m outlet 442+60, and the very 
moist to wet soils in outlet 402+98 were the result of a storm event that occurred just prior to the 
videotaping of the pipes. The test pits excavated to expose the pipes filled with runoff and the 
water backed into the pipes. At the time the pipes were first exposed, standing water and wet 
conditions were not observed. 
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SECTION 10.0 TRANSIEKT SEEPAGE ANALYSIS 

Transient seepage analyses of a typical embankment section were previously completed and 
reported by AMEC (2003a) to estimate the distance a wetted front would advance into 
McMicken Dam or the foundation soils supporting the dam during a period of maximum 
impoundment. Discussions included herein on the transient seepage analysis are summarized 
from the AMEC (2003a) I-eport. The analysis was completed using the finite element program 
SEEPiW (Geo-Slope International, Ltd.. 1997) and estimated saturated hydraulic conductivity 
values for the embankment and foundation soils. SEEPiW uses the Green and Corey (1971) 
procedure for estimating the hydraulic conductivity velsus pore-water pressure function. 

Analysis was performed for an embankment section that included the remnant historic 1952 
interim dam. A typical embankment section not including the interim dam was also analyzed. 
However, the results were not presented in the 2003 report since results were closely similar to 
the results of those analyses that included the interim dam. Four materials were assumed to 
comprise the simplified cross section: the embankment material, the native foundation soils 
(a two-layer system) and the center filteridrain. The downstream geotextile curtain was not 
explicitly considered, since it is intended to minimize the potential for soil movement. The 
impoundment level was assumed by AMEC to be coincident with the top of the center 
filteridrain, or 4 feet below the crest of the dam. The table below summarizes the saturated 
vertical hydraulic conductivities (k,) utilized in the analysis. 

Foundation 1 (Holocene) 

For the base case, the horizontal hydraulic conductivity (k,) was assumed equal to k,, but to 
determine the sensitivity of the wetted front formation to other values. analyses were completed 
assuming k, = 10ky and k, = 30ky (hydraulic conductivity ratios of 10 and 30, respectively). 

I I 

The analyses were extended to 30 days, with the location of the wetted front plotted at 5. 10, 20 
and 30 days to determine trends. Ilowever, the drawdown time to drain the reservoir impounded 
by McMicken Dam through its principal outlet is estimated to be 10 days. The analyses 
conservatively assumed the full impoundment level throughout the 30 days, with no gradual 
lowering of the reservoir water surface elevation. 

Foundation 2 (Pleistocene) 1 0.04 1 1 . 4 ~ 1 0 . ~  
3.0 

Central Drain 

The advancement of the wetted front within the embankment and the lower foundation layer 
typically is less than within the upper foundation layer, as the lower hydraulic conductivity 
values for these materials would dictate. Results of the 2003 analyses are summarized in the 
table below where hydraulic conductivity values were changed for sensitivity comparisons. 
Results below are for a 10-day period. 

1 . 1 ~ 1 0 ‘ ~  

Very low Very low 



Foundation 1 (I-lolocene) 1 . 1 ~ 1 0 ~  - -  

Material 

I 22 
Foundation 2 (Pleistocene) 1 1 . 4 ~ 1 0 . ~  
Central Drain v. low 
Embankment 1 . 4 ~  1 o - ~  1 

kx 

(crnlsec) 

I 

Foundation 1 (Holocene) 1 . 1 ~ 1 0 ~ "  1 P 2 
10 

Central Drain 1 v. low 

Length of Wetting Front Advanccrnent 
k, = Ik, 1 k,= 10k, 1 k,= 30k, 

(feet) 

Additional results indicate that if relatively high hydraulic conductivity values are assumed, the 
wetted front would reach the downstream toe of the embankment section, which includes the 
1952 interim dam, within about 25 to 30 days. Additionally, if relatively high hydraulic 
conductivity values and a large contrast between horizontal and vertical values are assumed, the 
wetted fiont would likely reach the downstream toe of the embankment section, which does not 
include the 1952 interim dam, in about 20 days. 

(feet) 1 (feet) 1 

Embankment 
Foundation 1 (Holocene) 
Foundation 2 (Pleistocene) 
Central Drain 

In summaly, the results of the analyses generally indicate that a wetted front would not advance 
to the downstream toe of the dam during the estimated 10-day impoundment period, even if 
relatively high hydraulic conductivity values are assumed for the materials compr~sing the 
embankment and foundation soils. The analyses do not explicitly include the impact of cracking 
of the embankment soils or the possibility of an earth fissure extending beneath the full cross 
section, since the two dimensional plane strain finite element model cannot incorporate such 
features. However, by assigning high hydraulic conductivity values to the various materials, an 
estlmate of the impact of extensive cracking is generally incorporated. 

1 . 4 ~  10.' 
1.1x10-~ 
1 . 4 ~ 1 0 "  
v. Ion 

28 41 5 6 



SECTION 11.0 SEISMIC HAZARD 

In 2002 the District retained AMEC to perform a county-wide seismic exposure evaluation lo 
establish seismic design parameters for all 22 flood control dams operated and maintained by the 
District. Discussions included herein on the seismicity related to McMicken Dam are 
summarized from the AMEC (2002a) report. Both deterministic and probabilistic methods were 
utilized for development of peak ground accelerations (PGA). The AMEC assessment was based 
on interpretations and related findings from existing published literature and studies. AMEC did 
not perform any independent fault analysis on any of the identified faults within the 100 
kilometer project study area. Because District dams are founded on stiff soil or rock, the PGA 
values were developed for stiff soil or rock conditions and based on Maximum Credible 
Earthquake criteria because of the high hazard classification of lllost District dams. 

The maximum credible earthquake occurrence for McMicken Dam occurs at the Horseshoe 
Fault, with a magnitude of 7.0 and a resulting peak horizontal bedrock acceleration of 0.05g. 
The fault is approximately 71 kilometers from McMicken Dam. A PGA of O.lg was 
recommended for McMicken Dam by AMEC (2002a). 
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SECTlON 12.0 MCMICKEN OUTLET CHANNEL 

12.1 HlSTORIC MAINTENANCE 

District O&M records were reviewed dating back to 1999. AMEC's review indicates that the 
District has performed regular O&M inspection activities and maintenance over the last seven 
years. Most maintenance activities have been associated with grading and plating of the levee 
embankment crest to improve all weather access, and the repair of surface erosion gullies and 
holes, both on the levee slopes and crest. AMEC's experience with similar features on dams in 
the desert southwest indicates that these surface erosion features may be associated with 
embankment cracking. Nevertheless, none of these features have been investigated to identify 
any cause other than surface runoff erosion. 

The most significant maintenance activity included the restoration of the levee crest to design 
elevation west of Grand Avenue. In late 2003 the District surveyed the levee crest to place fill 
stakes on a % mile frequency to facilitate crest restoration. District O&M forces utilized District 
equipment to plate the levee crest with aggregate base (AB) material. Subsequent evaluation by 
Kimley-Horn & Associates concluded that the segment of the outlet channel levee east of Grand 
Avenue had adequate elevation to contain the design storm event, but had sections lacking 
sufficient freeboard (Kimley-Horn, 2004). 

12.2 SlTE RECONNAISSANCE 

On July 27, 2006, Ralph Weeks, R.G. and Ms. Karen Anglin, both with AMEC, and on April 24, 
2007, Brett Howey, P.E. conducted site reconnaissance of the outlet channel and outlet wash for 
the purpose of visually observing natural and man-made features of the channel, levee and wash. 
Reconnaissance of outlet channel and outlet wash consisted of driving and walking along the 
crest of the levee and parallel to the levee crest along the outside of the channel and wash. Stops 
were made in areas of particular interest and digital photographs were taken of relevant features. 
Goals of the reconnaissance included preliminary ground truthing of photo lineaments as part of 
the earth fissure risk zoning project task, observing areas on the levee embankment that showed 
distress, and to document natural and constructed feature along the channel and wash alignment. 
Appendix E includes the two reconnaissance reports and associated photographs. Highlighted 
observations include: 

The outlet channel has a moderate bend in the channel at approximately outlet channel 
Station 30+00 which is not armored with any embankment or channel erosion protection 
measures. 

* Observed distress included ruts and dips in the levee crest, surface expression of what 
appeared to be embankment cracks, and increased photo lineament density around 
approximately outlet channel Station 253+00. 

e The outlet channel discharges into the outlet wash through a transition that creates a flow 
direction change of greater than 90 degrees. 



Four (4) significant structures were identified along the alignment of the outlet wash 
during the reconnaissances which are discussed in Scction 13.1. 

12.3 BUTI,ET CHANNEI, GEBTECHNICAI, PROFIL,E 

In addition to the AMEC characterization discussed below JE Fuller Hydrology and 
Geomorphology, lnc. completed an erosion and sedimentation analysis report for the outlet 
channel and outlet wash which is included in Appendix F of this report. 

12.3.1 Native Levee Foundation Soils 

The characteristics of the outlct channel levee foundation soils were extrapolated from the recent 
field and laboratory investigation completed immediately adjacent (downstream) of the levee 
embankment toe, from geophysical investigations performed along the levee crest and 
downstream toe, and from historic boring information. Review of the as-built levee embankment 
drawings indicated limited removal of existing soils was completed within the footprint of the 
levee (USACE, 1956). Approximately 1 to 2 feet of the existing foundation material was 
removed prior to construction of the levee embankment. Therefore, it is AMEC's opinion that 
the subsurface investigation directly downstream of the levee, combined with the geophysical 
data for areas beneath and downstream of the levee, provides sufficient information regarding the 
soil characteristics within the native levee foundation for analysis of alternatives. Nineteen 
backhoe test pits (TF06-1, 4-5, 8, 10, 12-14, 16-18: 20, 22-23, 25-27, and 29-30) were excavated 
from 5 to 13 feet below existing grade along the downstream toe, 21 refraction seismic surveys 
were completed along the levee crest, and 11 refraction seismic surveys were completed along 
the downstream toe by AMEC. Ten borings (2F-5 to 2F-14) ranging in depth froill 7.5 to 40 
feet, were completed along the outlet channel alignment by the USACE in 1954. 

The soils within the outlet chamlel levee foundation may be sub-divided into three reaches. As 
indicated by the recent laboratory analyses, summarized in Appendix C, the foundation soils 
from outlet channel Station 10+00 (principal outlet) to 150+00 primarily consist of sand and 
gravel with clay, with intermittent zoncs of sand and clay. The second reach from outlet channel 
Station 150+00 to 272+00 is composed of an overlying layer of clay and silty sands and an 
underlying layer of gravel with clay and silt. The third reach from outlet channel Station 272 1-00 
to 307+50 is predominantly sand and clay with some zones of silty gravel to clayey gravcl at 
depth. 

Stage cementation of soils within the levee foundation range froin uncemented to Stage I from 
the near surface to a depth of approximately two feet below existing grade. Cementation 
predominantly increases from Stage I to I+ between dcpths of 2 and 3 feet. There is an increase 
in soil cementation from Stage I+ to Stage I1 to 11+ below 3 feet, with a few intermittent zones of 
Stage I+ soil cementation from 3 to 13 feet. Stage II+ to Stage 111 cementation is found 
periodically throughout the levee foundation as shallow as 2 feet below existing grade. 



Along the alignment of the outlet channel levee embankment, seismic lines 42-48, 64, 65, 81, 
and 82 were completed along the downstream toe. Based on the p-wave velocities, a surficial 
horizon extends to a depth of three to eight feet from existing grade. Typical p-wave velocities 
for this surficial horizon range from 830 to 1,300 fls. Underlying cemented horizon p-wave 
velocities typically range from 1,900 to 5,400 fls, averaging 2,000 to 3,000 fls, below 5 to 10 
feet. Velocity reversals under the cemented horizon below a typical depth of about 20 to 25 feet 
below existing grade are indicated in the ReMi shear wave profiles. S-wave velocities above a 
depth of about 25 feet are 1,200 to 1,500 fls, and below a depth of about 25 feet are 790 to 
1,200 fls. 

12.3.2 Levee Embankment Soils 

The characteristics of thc outlet channel levee embankment soils were determined based on the 
field and laboratory investigations completed. Eight shallow hand excavated test pits (TH06-IT 
to TH06-5) where excavated into the levee embankment and 21 refraction seismic surveys were 
completed on the levee crest. As indicated by the laboratory analyses. summarized in Appendix 
C; the near surface levee embankment soils are predominantly sandy clay, clayey sand, and silty 
sand of low to medium plasticity. The embankment fill typically is weakly to moderately 
cemented, with uncemented and strongly cemented zones. In situ nuclear dry density values 
along this section vary from 78 to 110 pcf. comparcd to similar soils maximum dry density 
values (standard Proctor) in the range of 115 to 125 pcf. The moisture content of the near- 
surface embankment soils tested varied from 4 to 13 percent based on in situ nuclear gage test 
methods. 

Along the alignment of the outlet channel levee embankment (Stations 20+00 to 307100) seismic 
lines 16-26 and 49-58 wcrc completed along the levee crest. Based on the p-wave velocities, 
most of the existing levee embankment exhibits p-wave velocities ranging from 940 fls to 1,400 
fls within the upper 10 feet of the embankment. Between approximately outlet channel Stations 
175100 to 2601-00 the p-wave velocities increase slightly and range from 1,000 fls to 2,500 ftls 
within the upper 10 feet of the embankment. ReMi shear wave profiles indicate s-wave 
velocities above a depth of about 10 feet below the existing levee crest are 430 to 730 fls and 
average 620 fls. 

12.3.3 Outlet Channel Soils 

The characteristics of the outlet channel soils were determined based on the field and laboratory 
investigations completed. Ten backhoe test pits, TP06-2, 3, 7, 9, 11. 15, 19, 21, 24, and 28, 
were excavated from 5 to 15 feet below existing grade and 13 refraction seismic surveys were 
completed. As indicated by the laboratory analyses, summarized in Appendix C., the outlet 
channel soils are typically sandy clay and silt or clayey silt with a medium plasticity, coarsening 
to sand and gravel with clay to the east end of the outlet channel. Based on the bulk soil samples 
collected and tested by AMEC, the percent fines (passing the no. 200 sieve) varies from 7 to 65 
percent, and averages 24 percent. The plasticity index varies from 0 (non-plastic) to 29, and 



averages 13. Near surface channel soils from 0 to 5 feet below existing channel grade have a Dso 
ranging from 318 inch to the no. 200 sieve, with a bimodal distribution of the no. 4 to no. 10 
sieve on the coarse end and no. 100 the to no. 200 sieve on the fine end. 

Cementation characteristics of the soil profile can be defined by dividing the outlet channel into 
two reaches. The first reach extends from outlet channel Station lo t00  (principal outlet) to 
approximately outlet channel Station 165t00. Near channel surface soils to a depth of 4 to 9 feet 
below the channel bottom exhibit Stage 1 to [I-cementation, below 9 feet cementation increases 
to Stage I1 to II+. The second reach extends from approximately outlet channel Station 165+00 
to the outlet chaimels confluence with the outlet wash. Near channel surface soils to a depth of 2 
to 10 feet below the channel bottom also exhibit Stage I to 11-cementation; however, below 5 feet 
cementation increases to Stage I1 to 111-with backhoe refusals at 5 to 10 feet below existing 
channel grade. 

Along the alignment of the outlet channel from Station 20+00 to 110+00, seismic lines 66-69 
and 72-75 were completed within the channel bottom. Based on the p-wave velocities, a 
surficial horizon extends to a depth of one to four feet from existing channel grade. Typical p- 
wave velocities for this surficial horizon range froin 710 to 1,300 Us. Underlying cemented 
horizon p-wave velocities typically range from 1,200 to 3,600 fls beIow 5 feet. Velocity 
reversals under the cemented horizon below a typical depth of about 25 feet below existing grade 
are indicated in the ReMi shear wave profiles. S-wave velocities above a depth of about 25 feet 
are 900 to 1,500 fls, and below a depth of about 25 feet are 940 to 1.100 fls. 

Along the alignment of the outlet channel from Station 260+00 to 297+50, seismic lines 27; 28 
and 83 were completed within the channel bottom. Based on the p-wave velocities, a surficial 
horizon extends to a depth of one to five feet from existing channel grade. Typical p-wave 
velocities for this surficial horizon range from 830 to 1,300 61s. Underlying cemented horizon p- 
wave velocities typically range from 1,400 to 1 3 0 0  fls below 1 to 5 feet. Velocity reversals 
under the cemented horizon below a typical depth of about 10 feet below existing grade are 
indicated in the ReMi shear wave profiles. S-wave velocities above a depth of about 10 feet are 
770 to 2,300 fls, and below a depth of about 10 feet are 1,200 to 2,100 fls. 

Two seismic lines, 70 and 71, were completed in the outlet channel at the base of the US 
Highway 60 bridge crossing and AT&SF railroad trestle crossing. Rased on the p-wave 
velocities, a surficial horizon extends to a depth of 0 to 4 feet from existing channel grade. 
Typical p-wave velocities for this surficial horizon range from 1,000 to 1,300 fls. Underlying 
cemented horizon p-wave velocities typically range from 1,400 to 2,400 fls below 4 feet. No 
significant velocity reversals under the cemented horizon were indicated in the ReMi shear wave 
profiles. 



SECTlOK 13.0 MCMICKEN OUTLET WASH 

13.1 OUTLET WASH GEOTECWNICAL PROFILE 

The general geotechnical and geological characteristic of the outlet wash were determined based 
on the field reconnaissance and geophysical surveys. Five (5) refraction seismic surveys were 
completed to characterize the near surface streambed and overbank soils. Investigation locations 
included the confluence of the McMicken Outlet Channel with the McMicken Outlet Wash, and 
north and south of the SR-303L roadway crossing. 

The McMicken Outlet Channel merges with the outlet wash along a sharp right bend at the end 
of the outlet channel. The outlet wash is comprised of a natural ephemeral wash with semi-steep 
banks that range from 2 to 6 feet in height. a bottom channel width of 20 to 40 feet, and an 
unvegetated low flow channel approximately 10 to 15 feet in width. Directly south of the outlet 
channel - outlet wash confluence the wash is parallel to a service road used for a power line 
substation for approximately % mile until passing under SR-303L and an 11-barrel1 box culvert 
crossing at Williams Road downstream of SR-303L. Further south along its alignment the wash 
has been channelized from Deer Valley Road to the Agua Fria River as part of the Sun City West 
development and El Mirage Drain projects. 

Unimproved wash banks are primarily composed of unconsolidated materials, which are densely 
vegetated with native desert plants. Channel soils within the streambed consist of recent 
unconsolidated alluvial fan deposits, primarily uncemented sands and gravels, with rare cobbles 
and boulders. The channelized portion is trapezoidal with a 180 foot bottom width and 3 foot 
horizontal to 1 foot vertical side slopes. 
Four (4) significant structures were identified during the reconnaissances which are discussed 
below including information gathered from the District. 

SR L303 Crossing 
Previously visited by AMEC in July 2006: this roadway crossing consists of an 11-bay box 
culvert. AMEC understands this structure was built by Maricopa County Department of 
Transportation (MCDOT) and is maintained by the Arizona Department of Transporlation 
(ADOT). The project was permitted through the District's Right-of-way permitting process and 
as-builts are on file with the District. 

Williams Drive Crossing 
This roadway crossing consists of an 11-bay box culvert, AMEC understands this structure was 
built by MCDOT and designed to pass the 100-year storm event as well as not fail if oveitopped 
during the McMicken Standard Project Flood (SPF) discharge. The project was permitted 
through the District's Right-of-way permitting process and as-builts are on file with the District. 
The structure is maintained by MCDOT and also includes a 12-inch waterline on Williams Drive 
and a 16-inch waterline on Pinnacle Peak Road. 



El Mirage Drain 
This structure consists of a 500 foot long, 4-inch thick reinforced concrete lined drop structure. 
The drop structure has a shallow lower level plunge pool for energy dissipation and a v-shaped 
low flow channel. The concrete was observed as deteriorating with signs o r  several historic 
maintenance repairs. AMEC understands the structure was built as par( of the Sun City West 
development and construction of the El Mirage Drain. The structures are positioned on District 
property controlled by fee or easement. As-builts andlor engineering records are not available. 

Sun City Drain 
This structure consists of a 3-bay box culvert and deteriorated energy dissipation structure. 
AMEC understands this structure was built as part of the Sun City West development and 
construction orthe Sun City Drain. There also is a section of the outlet channel which has been 
lined wit11 concrete for erosion protection and bank stabilization. The District maintains these 
structures. As-builts andlor engineering records were not available. 

In the vicinity of the outlet channel and outlet wash confluence, seismic lines 78 and 85 were 
completed within the streambed and the overbank respectively. Based on the p-wave velocities, 
a surficial horizon extends to a depth of 0 to 4 feet from existing grade within the streambed and 
3 to 6 feet below existing grade at the overbank. Typical p-wave velocities for these surficial 
horizons range fi-om 900 to 1,300 foot per second (fls) in the sbeambed and 1,000 to 1,500 f7s at 
the overbank. Underlying cemented horizon p-wave velocities within the streatnbed typically 
range from 2:100 to 2,400 fls from a depth of 3 to 10 feet below existing grade. P-wave 
velocities at the overbank cemented zone between 4 to 10 feet below existing grade range from 
2,900 to 3,700 fls. From approximately 10 feet below existing grade p-wave velocities increase 
to 4,200 to 6,500 fls. Velocity reversals under the cemented horizon below a typical depth of 
about 25 feet below existing grade are indicated in the ReMi shear wave profiles. S-wave 
velocities above a depth of about 25 feet are 1,800 to 2,200 Us, and below a depth of about 25 
feet are 960 to 1,300 fls. 

In the area located north of the SR-303L roadway crossing in area near the overhead 240 KV 
power transmission alignment, seismic lines 79 and 84 were completed within the streambed and 
the overbank respectively. Based on the p-wave velocities, a surficial horizon extends to a depth 
of 2 to 3 feet from existing grade within the streambed and 4 to 7 feet below existing grade at the 
overbank. Typical p-wave velocities for these surficial horizons range from 670 to 1,300 fls in 
the streambed and 1,100 to 1,700 Ws at the overbank. Underlying cemented horizon p-wave 
velocities within the streambed typically range from 3,500 to 3,900 Ws from a depth of 3 to 6 feet 
below existing grade. P-wave velocities at the overbank cemented zone below 4 feet range from 
3,700 to 4,800 fls. Velocity reversals under the cetnented horizon below a typical depth of about 
24 feet below existing grade are indicated in the ReMi shear wave profiles. S-wave velocities 
above a depth of about 24 feet are 1,800 to 2,200 Us, and below a depth of about 24 feet are 
1,000 to 1,200 fls. 



At a location south of the SR-303L roadway crossing, seismic line 80 was completed within the 
outlet wash streambed. Based on the p-wave velocities, a surficial horizon extends to a depth of 
2 to 3 feet from existing grade within the streambed. Typical p-wave velocities for this surficial 
horizon range from 830 to 1;500 fis. Underlying cemented horizon p-wave velocities within the 
streambed typically range from 2,900 to 3,400 fis from a depth of 3 to greater than 10 feet below 
existing grade. Velocity reversals under the cemented horizon below a typical depth of about 34 
feet below existing grade are indicated in the ReMi shear wave profiles. S-wave velocities above 
a depth of about 34 feet are 1,500 to 2,700 fis, and below a depth of about 34 feet are 1,000 fis. 
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SECTlOW 14.0 DlSCUSSION 

14.1 MCMICKEN DAM 

14.1.1 Embankment Cracking 

Review of all available data indicates that the McMicken Dam embankment has experienced 
transverse, and to a lesser extent, longitudinal cracking along its entire length since its original 
construction. Cracking was first identified in the early 1970s by the USACE and subsequently 
monitored, studied and mitigated over the next 35 years by the District and various engineering 
consultants. AMEC's experience with similar flood control dams: as well as our understanding 
of the McMicken Dam geologic setting and emhankment characteristics suggests that no single 
cause is responsible for the development of embankment cracks within dams in the Desert 
Southwest. Several mechanisms or combinations of mechanisms exist that likely contribute to 
cracking of the dam. Often the surficial expression of these feature is exacerbated by localize 
erosion and rodent activity. The mechanisms that likely contribute to emhankment cracking 
include: 

Desiccation - a distress that typically appears on surficial fine-grained soils and is the 
product of drying accompanied by shrinkage and cracking. The drying of such soils 
develops tensile stresses within the soil mass until cracks are formed. Longitudinal, hut more 
predominantly transverse; cracking will occur as a result of this mechanism. 

Differential Consolidation - a distress of thc embankment as a result of differential 
settlement within the dam foundation. Contributing conditions include the presencc of 
collapse-prone soils within the shallow foundation profile. Both longitudinal and transverse 
cracking may occur as a result of this mechanism. 

Differential Land Subsidence - a distress of the emhankment induced by regional land 
subsidence which creates areas of isolated. tensional embankment strain. Longitudinal, but 
more predominantly transverse, cracking will occur as a result of this mechanism. 

The 1984 dam restoration and rehabilitation project included the installation of a center 
filtertdrain along the entire length of the dam. The centcr filteridrain extends from elevation 
1357.0 (1358.87) fcet to about the natural ground elevation. In addition to the center filtertdrain 
a downstream cutoff was constructed near the downstream toe of the emhankment as a 
continuous trench to a depth that ranged from 4 to 10 feet. The installation included a vertically 
buried coated geotextile. Sections 4.3 and 7.0 herein detailed the design and construction of the 
central filteridrain and downstream cutoff. AMEC's review of all available data associated with 
the design, con&uction, and historic performance indicates that the central filtertdrain remains 
an effective component capable of protecting against seepage erosion through transverse cracks 
which the central filtertdrain directly intercepts. However, as discussed in the following 
paragraph, a failure mode associated with emhankment cracks not intercepted by the existing 
central filtertdrain remains. 



As part of the District's Phase I Structures Assessment Program, District consultants have 
identified and evaluated various failure modes for its inventory of flood control dams and flood 
retarding structures. In January 2002 the District sponsored a workshop on cracking where 
various failure modes associated with earth embankments in semi-arid environments were 
presented and discussed. Of the non-fissure related embankment cracking failure modes 
identified: one has been recognized by AMEC as applicable to McMicken Dam. 

The failure mode includes a scenario where the dam is founded on uncemented, erodible andor 
collapsible foundation soils (poor foundation soils). The poor foundation soils overlie a 
moderately to strongly cemented alluvial soil (good foundation). Flow enters a transverse crack 
at some height above the embankment-foundation interface along the upstream face of the dam. 
Seepage along the transverse crack at the embankment-foundation interface causes collapse of 
the poor foundation soils which allows the more competent embankment to bridge over the 
collapsed soil, allowing a piping conduit to develop and erosion of the underlying poor 
foundation soils, leading to failure of the dam. A graphical depiction of this failure mode as 
prepared by the District (Tetra Tech, 2003) is reproduced as Figure GA-14.1.1A. 

Although the details of this mechanism are not fully agreed upon by the geotechnical 
community, it has become apparent to AMEC, the District: and other dam safety engineers 
working in the desert southwest that the need to protect embankments against failure through 
embankment cracks is necessary. Therefore, to meet project objectives to provide for a 
rehabilitation alternative life span of 100 years, AMEC recommends incorporation of design 
components to protect against failure through embanltment cracks. Protection against internal 
erosion through embankment cracks may be provided by a number of structural applications such as 
granular central filters, geotextiles, geomembranes, and combinations of naturally occurring and 
manufactured materials. It should be noted that as a sole line of defense Arizona Administrative 
Code R12- 15-1 2 16(B)(3)(c) does not allow the use of non-naturally occurring, manufactured 
materials. ADWR would require special variances for their use. 

14.1.2 Foundation 

Due to the nature of the depositional environment in which McMicken Dam was constructed, the 
depth of moisture-sensitive and erodible soils (poor foundation) is highly variable. While it is 
not possible to precisely predict what these depths are, reasonable estimates can be made based 
on available geotechnical infonnation. Additionally, based in part on observations of the 
construction of the McMicken Dam FRZR realignment (AMEC, 2005), the presence of poor 
foundation soils to depths of greater than 20 feet is possible within historic washes where they 
cross the dam foundation. 

Test pit, historic boring, and geophysical data were reviewed and select information plotted in 
Figure GA-6.1A to interpret the existence and extent of poor foundation materials below the 
existing dam embankment. To estimate the location of good foundation in the geologic profile it 
is necessary to interpret in-situ material's stage cementation, SPT blow counts, shear wave 



velocities, and other related geotechnical information. Comparisons of Stage cementation, shear 
wave velocities, and poorlgood foundation boundaries presented in Table GA-14.1.2A were 
used by AMEC to assist in approximating the depth and extent of poor foundation soils. The 
variability in the foundation soils also is indicated by the penetration resistance profile shown in 
Figure GA-6.lA. First occurrence values of SPTs greater than 30 for historic investigations are 
plotted along the dam profile. SPT values greater than 30 typically indicate soils of sufficient 
integrity to exhibit much less collapse potential during wetting. Figure GA-6.1A depicts the 
approximate interpreted elevation of the poorlgood foundation contact. 

Both non-earth fissure and earth fissure related poor foundation failure modes identified by the 
2002 cracking workshop have been recognized by AMEC as applicable to McMicken Dam: 

Non-earth Fissure Poor Foundation Failure Mode - This failure mode includes a scenario 
where the dam includes a central filter that fully penetrates the dam which is founded on poor 
foundation soils overlying good foundation soils. Flow enters a transverse crack at the 
upstream toe where at the embankment-foundation interface. Seepage along the transverse 
crack at the embankment-foundation interface causes erosion of the underlying poor 
foundation soils, leading to failure of the dam. A graphical depict~on of this failure mode as 
prepared by the District (Tetra Tech, 2003) is reproduced as Figure GA-14.1.2A. 

Earth Fissure Poor Foundation Failure Modes -- These failure modes include scenarios 
where the dam is founded on poor foundation soils overlying good foundation soils. In both 
failure modes downward flow or seepage into an earth fissure creates a gully extending 
beneath the upstream slope. The first failure mode has flow along the embankment- 
foundation interface which causes erosion of the underlying poor foundation soils and largc 
deformations of the upstream slope, leading to failure of the dam. The second failure mode 
is similar to the first with the addition of lateral seepage erosion of the embankment- 
foundation interface to the downstream toe, leading to failure of the dam. A graphical 
depiction of both failure modes as prepared by the District (Tetra Tech, 2003) is reproduced 
in Figures GA-14.1.2B and GA-14.1.2C. 

As a result of the dam being founded on poor foundation soils. AMEC recommends 
incorporation of design components that extend into good foundation soils to protect against 
failure through embankment cracks and earth fissures along the embankment-foundation 
interface. The estimated average depths necessary to reach good foundation soils are 
summarized in the table below. 



Weighted Average 

Dam Station 
(from-to) 

Protection against failures fiom earth fissures may be provided by a number of structural 
applications such as; soil cement, roller compactcd concrete, geomembranes, and other 
combinations of rigid, erosion resistant materials. As discussed in Section 14.1.1 the use of 
geosynthetics as a sole line of defense against failure would require a variance from ADWR. 

14.1.3 Center FilteriDrain 

Average Depth (ft) to Good 
Foundation at  Existing Upstream 

Dam Toe 

Samples from three locations (dam Stations 281+00, 462+00 and 60150) of both the upstream 

Average Depth (ft) to Good 
Foundation at Dam Centerline 
from Existing Dam Foundation 

permeable and the downstream impermeable geotextile materials were previously tested in 
accordance with current ASTM procedures. The intent of the testing was to verify that the in- 
place geotextiles meet original project specifications. Grab tensile strength tests (ASTM 
D4632), puncture resistance (ASTM D4833) and trapezoidal tear strength (ASTM D4533) test 
were performed on multiple specimens fiom each sample location. However, testing performed 
by SH&B during the original center filteridrain design was slightly modified to better match 
anticipated field conditions. Therefore, direct correlations between the design testing and the 
1997 ASTM testing are not possible. 

A limited number of locations were sampled for the aforementioned conformance testing, one of 
which was a sample from a section of the dam recently removed during the FRZR project. 
Extrapolation of the limited available data set is challenging. Should the existing geotextile 
become punctured or experience a tear, the overall function of the center filteridrain would not 
be compromised. The intent of the permeable upstream geosynthetic is to preclude the migration 
of fines into and through the center filteridrain system whereas the hnction of the impermeable 
downstream geosynthetic is to keep water within the drain. A puncture within the upstream 
membrane could have potent~ally occurred during drain rock placement thus creating a small 



pathway for embankment fines to wash into the drain. Additional opening of such a puncture 
would not seem plausible considering the upstream membrane is confined (sandwiched) against 
the upstream embankment soils and the drain aggregate. Thc confinement pressures results from 
the point contacts applied by each drain aggregate particle. Migration of fines through a 
puncture would be controlled and disconnected from the downstream embankment. 

A similar puncture scenario may exist in the downstream membrane. Like the upstream 
membrane, the downstream membrane is confined between the drain aggregate and the 
downstream embankment. A puncture in the downstream membrane could allow leakage from 
the center filterldrain should the drain develop a phreatic water surface. However. the center 
filterldrain was designed to act as a drain with periodic downstream outlets responsible for 
draining seepage water. Development of high heads within the center filterldrain for prolonged 
periods that would allow for an internal erosion issue to develop does not appcar plausible 
considering the short impoundmcnt duration (days), the coarseness of the existing drain 
aggregate, and the ability of the drain to relieve heads through the downstream drains. 

Tearing of the upstream and downstream geosynthetics is also a concem that requires 
consideration. The dam through its settlement history does not show any areas of very isolated 
differential settlement that would impose high stresses on the center filterldrain system. 
Additionally, should transverse cracks in the dam continue to widen. concentrated stresses may 
be imposed on the geosynthetics which could be capable of tearing the materials. However, a 
visual observation of the membranes in contact with the existing embankment, during removal of 
the south end of the dam for the FRZR project, indicates rootlet growth along this interface. This 
observation indicates the contact between the membranes and the adjacent einbailkment soils is 
questionable. thus significant transference of stresses from the soil to the membranes may not 
occur. 

As discussed in Section 14.1.2 poor foundation soils have been identified beneath the existing 
dam that require mitigation. Should an upstream altcmative be selected to mitigate the poor 
foundation conditions, the existing integrity and function of the center filterldrain is less 
important since the upstream alternative would also function as mitigation for transverse cracks. 
The existing center filterldrain would then be a secondary supporting. component. The 
redundant system could be realized as an additional risk reduction measure. 

Should an alternative be developed that utilizes the full function of the center filterldrain, AMEC 
recommends additional investigation of the existing condition of the center filterldrain. 
Collection and laboratory testing of additional representative samples of the existing 
geosynthetics coupled with additional engineering assessments and a failure modes and effects 
analysis would assist in decision making efforts. 

As documented and previously discussed the central filterldrain does not fully extend to either 
side of the principal outlet. Implementation of the interim dam safety measures will provide a 
means to protect the area adjacent to the principal outlet from failure through a transverse crack. 



The interim measure has been designed to allow for connection with an upstream alternative. 
should one be selected to mitigate for poor foundation conditions and embankment cracking. 

14.1.4 Outlets and Penetrations 

The dam outlet pipes at dam Station 387+14 and dam Station 398+24 have apparent damaged 
joints that would adversely impact their safe operation and could result in piping of the adjacent 
soils. The pipes also represent a potential uncontrolled seepage pathway since the pipes do not 
have any filter diaphragms and historic records would indicate that the center filteridrain does 
not hl ly encase the outlets. Evidence of full encapsulation of the outlets by the downstream 
geotextile cutoff does not appear to exist to support any substantial conclusions. The three 
abandoned CMP outlets at dam Stations 402t98, 427t17 and 442t60 appear to be in good 
condition based on the limited video inspections completed. However, the pipes act as open 
conduits within the dam and do not have filter diaphragms or encapsulation by the center 
filteridrain to protect against uncontrolled seepage along their length. Because of concerns 
regarding the two existing and three abandoned outlet pipes, the pipes require safe abandonment 
or complete removal. 

14.2 OUTLET CHANNEL 

14.2.1 Levee Embankment Cracking and integrity 

14.2.1.1 Embankment Cracking 

The non-fissure related homogeneous embankment cracking failure mode identified by the 2002 
cracking workshop has been recognized by AMEC as applicable to the McMicken Outlet 
Channel levee. 

The failure mode includes a scenario where the embankment is a homogenous earthfill structure 
that becomes compromised by transverse cracks that extend from the upstream face to the 
downstream face. Flow enters a transverse crack along the upstream face of the embankment 
and seepage along the transverse crack causes erosion of the poor foundation soils leading to 
failure of the dam. A graphical depiction of this failure mode as prepared by the District (Teba 
Tech, 2003) is reproduced as Figure GA14.1.2A. 

As a result of the levee embankment being constructed of homogeneous soils, AMEC 
recommends incotporation of design components that mitigate failure through embankment 
cracks. Protection against internal erosion through embankment cracks may be provided by a 
number of structural applications as detailed in Section 14.1.1. 

14.2.1.2 Embankment Integrity 

The characteristics of the outlet channel levee embankment soils based on the limited hand pit 
investigation and the geophysical investigation suggests that the integrity of the existing levee 
cmbankment soils are questionable. The embankment fill typically is weakly to moderately 



cemented with dry density values varying from 78 to 110 pcf, compared to similar soils 
maximum dry density values (standard Proctor) of 1 15 to 125 pcf. Historic construction records 
are not available to assess the level of the construction quality control performed during the 
original embankment construction. A stretch of the levee embankment between outlet channel 
Station 175-to0 to 260t00 does exhibit physical increases in embankment integrity and, 
therefore, may be adequate. 

As a result of the questionable levee embankment integrity, AMEC recommends consideration 
o r  reconstructing the levee embankment. The embankment averages 15 feet in height and will 
require inclusion of other structural components to mitigate other failure modes. Construction of 
these other mitigation measures in combination with the relatively low existing structure height 
may be more cost effectively constructed by full replacement of the existing levee embankment. 
Alternatives analysis and cost estimates should consider the advantages of embankment 
reconstruction. 

14.2.2 Levee Foundation 

The non-fissure related poor foundation embankment cracking railure mode identified by the 
2002 cracking workshop has been recognized by AMEC as applicable to the McMiclten Outlet 
Channel levee. 

The failure mode includes a scenario where the embankment does not include a central filter that 
fully penetrates the poor foundation soils overlying good foundation soils. Flow enters a 
transverse crack at the upstream toe where at the embankment-foundation interface. Seepage 
along the transverse crack at the embankment-foundation interface causes erosion of the 
underlying poor foundation soils, leading to failure of the embanltment. A graphical depiction of 
this failure mode as prepared by the District (Tetra Tech, 2003) is reproduced as Figure 
GA-14.1.1B. 

Test pit, historic boring data, and geophysical data were reviewed and select information plotted 
in Figure GA-14.2.2A to interpret the existence and extent of poor foundation materials below 
the existing levee embankment. To estimate the location of good foundation in the geologic 
profile it is necessary to utilize the in-situ material's stage cementation and shear wave velocity. 
Comparisons of stage cementation, shear wave velocities, and poorlgood foundation boundaries 
are presented in Table GA-14.1.2A. These data were used by AMEC to approximate the depth 
and extent of poor foundation soils. Figure GA-14.2.2A depicts the approximate interpreted 
elevation of the poorlgood foundation contact. 

Because the levee embankment is on poor foundation soils, AMEC recommends incorporation of 
design components that extend into good foundation soils or altogether remove the poor 
foundation soils beneath the embankment to protect against failure through embankment cracks 
along the embankment-foundation interface. The average depths necessary to reach good 
foundation soils are summarized in the table below. 



14.2.3 Channel Scour 

Outlet Channel 
Station (from-to) 

To predict scour it is necessary to compare the in-situ materials resistance to scour to the 
hydraulic energy of the water. The discussions that follow only address the resistance to scour of 
the in-situ material. Estimated ranges of hydraulic stream power needed to initiate head cutting 
erosion are sunlmarized in Table GA-14.2.2A. Annandale (1995) reviews the determination of 
stream power as a function of hydraulic flow conditions. For purposes of comparison and 
correlation, ranges of hydraulic stream power are compared to excavation equipment needed to 
perfo~m effective excavation as estimated (quantified) by seismic p-wave velocities. Annandale 
(1995) presents relationships between stream power and initiation of head cutting erosion 
through an erodibility index based on the lcirsten excavatability index (Kirsten 1982, 1988) for 
geologic materials. 

Review of the p-wave data generated from the thirteen refraction seismic lines performed in the 
outlet channel and the Dso grain size of the samples tested indicates the shallow surface soils 
appear to be very erodible to a depth of 10 feet within the channel. Below this depth the material 
becomes slightly more erosion resistant with an erosion threshold of 1.0 kw/m2 or less. 

Average Depth (ft) to Good 
Foundation at Existing Downstream 

Levee Toe 

As a result of the erosion potential, AMEC recommends consideration of incoqorating design 
components that provide bank and channel protection. Measures should be considered should 
significant increases in channel velocities be required for implementation of an alternative. Bank 
and channel protection may be provided by a number of common hard and soft structural 
applications such as: vegetation, rock riprap (grouted and ungrouted), gabions (basket or mattress): 
check dams, soil cement, and concrete. Toe protection would also be required to prevent 
undermining of the bank protection measure. Erodible channels should have protection to the 
maximum estimated depth scour. In addition to bank and channel erosion protection, existing 
structures: such as the U.S. Highway 60 bridge and AT&SF railroad trestle foundations, should be 
assessed for erosion stability. 

Average Depth (ft) to Good 
Foundation at Levee Centerline 
from Existing Levee Foundation 



14.3 OUTLET WASH 

14.3.1 Channel Scour 

As discussed in Section 14.2.3, to predict scour it is necessary to compare the in-situ materials 
resistance to scour to the hydraulic energy of the water. Using Table GA-14.2.2A a review of 
t.he p-wave data generated from the five refraction seismic lines performed in the outlet wash 
streambed and overbank indicates the near-surface soils appear to be very erodible to a dept.h of 
three feet within the streambed and to a depth of six feet at the overbank. Below these depths the 
material becomes more erosion resistant with an erosion threshold of about 5.0 kw/mz. 

As a result of erosion potential of the outlet wash streambed and overbank soils, AIMEC 
recommends consideration of incorporating desibm components that provide bank and channel 
protection. Measures should be considered should significant increases in channel velocities be - 
required for implementation of an alternative. Bank and channel protection may be provided by a 
number of common hard and soft structural applications as detailed in Section 14.2.3. Toe 
protection would also be required to prevent undermining of the bank protection measure. Erodible 
channels should have protection to the maximum estimated depth scour. In addition to bank and 
channel erosion protection, existing structures such as the SK-303L bridge crossing foundations, 
should be assessed for erosion stability Realignment of the Outlct Channel-Outlet Wash confluence 
is also recommended to reduce erodibility potential and to mitigate any local flooding issues that 
could arise from backwater andlor breakouts. 



THIS PAGE IKTENTIONALLY LEFT BLANK 



SECTION 15.0 REFERENCES 

AMEC Earth & Environmental, Inc. (AMEC), 2001, Test Pit Backfilling Plan, Letter 
Correspondence to Flood Control District of Maricopa County, Work Assignment No. I ,  
Contract FCD 2000C006, Maricopa County, Arizona, AMEC Job No. 0-117-001 122, Letter No. 
1, June 20. 

AMEC Earth & Environmental, Inc. (AMEC), 2002a, Seismic Exposure Evaluation, Dam Safety 
Program, Work Assignment No. 2, Contract FCD 2000C006, Maricopa County, Arizona. AMEC 
Job No. 0-117-001122, May. 

AMEC Earth & Environmental, Inc. (AMEC). 2002b, Design Plans, Special Provisions, and 
CQA Plan, Breach Repair Project, McMicken Dam, Maricopa County, Arizona, AMEC Job No. 
0-1 17-001 122. June. 

AMEC Earth & Environmental, Inc. (AMEC), 2002c, CQA Final Report as As-Built Plans, 
Breach Repair Project, McMicken Dam, Maricopa County, Arizona, AMEC Job No. 0-1 17- 
001 122, October. 

AMEC Earth & Environmental: Inc. (AMEC), 2003a. Geotechnical Investigation Report, 
McMicken Dam, Work Assignment No. 1, Contract FCD 2000C006, Maricopa County, Arizona, 
AMEC Job No. 0-117-001 122, January 8. 

AMEC Earth & Environmental, Inc. (AMEC), 2003b, Earth Fissure Investigation Report, 
McMicken Dam, Work Assibnment Nos. 4 & 5, Contract FCD 2000C006, Maricopa County, 
Arizona. AMEC Job No. 0-1 17-001 122, April. 

AMEC Earth & Environmental, Inc. (AMEC), 2003c, Final Report of Alternatives Analysis, 
McMicken Dam Fissure Risk Zone Remediation Project, Contract FCD 2002COl1, Work 
Assignment No. 1, AMEC Job No. 2- 11 7-00 1066, November 5. 

AMEC Earth & Environmental, Inc. (AMEC), 2004, Geotechnical Investigation Report, 
McMicken Dam Fissure Risk Zone Remediation Project, Work Assignment No. 3, Contract FCD 
2002C011, Maricopa County, Arizona, AMEC Job No. 2-1 17-001066, August 11. 

AMEC Earth and Environmental, Inc. (AMEC), 2005, Foundation Inspection Report, McMicken 
Dam Post Design Services - Work Assignment No. 4, Contract FCD 2004C009, Maricopa 
County, Arizona; AMEC Job No. 4-1 17-001075, July 15, 



AMEC Earth and Environmental, Inc. (AMEC), 2007, McMicken Dam Subsidence and Earth 
Fissure Risk Zoning Report, Wittmann Area Drainage Master Plan, , Contract FCD 2004C060, 
Maricopa County, Arizona, report submitted to Entellus, Inc. AMEC Job No. 6-117-001025, 
Vol. SE, March. 

Annandale, G.W., 1995, Erodibility, Journal of Hydraulic Research; Vol. 33, No. 4, pp 47 1-494. 

Arizona Department of Water Resources (ADWR), 2001; Supplemental Inspection of 
Operational Dam, McMicken Dam 07.21, July 19. 

Blissenback, E.: 1954, The Geology of Alluvial Fans in Semi-Arid Regions, Bulletin of the 
Geological Society of America, Vol. 66, February. 

Caterpillar Tractor Company, (Cat), 1984, Caterpillar Perfomlance Handbook, Edition 15, 
Peoria, Illinois, October. 

Caterpillar Tractor Company, (Cat), 1993, Caterpillar Performance Handbook, Edition 24, 
Peoria: Illinois, October. 

Demsey, K.A., 1988, Geologic Map of Quaternary and Upper Tertiary Alluvium in the Phoenix 
North 30'X60' Quadrangle, Arizona. Arizona Geological Survey Open-file Report OFR-88-17. 

Enhanco, Inc., 2004. McMicken FRS Vertical Transformation Report, Maricopa County, AZ, 02 
Oct. 

Field, J.J. and Pearthree, P.A., 1991, Surficial Geology Around the White Tank Mountains, 
Central Arizona, Arizona Geological Survey Open-file Repolt OFR-91-8. 

Flood Control District of Maricopa County (FCDMC), 1977, Special Report, Embankment 
Cracking - McMicken Dam. 

Flood Control District of Maricopa County (FCDMC). 2006, Embankment Dam Inspection 
Checklist/Repolt, McMicken Dam, Report of February 14.2006 Inspection, March 3. 

Geological Consultants, lnc. (Geological Consultants), 2004, Land Subsidence and Earth Fissure 
Investigation Report, Volume SU, prepared for the Wittmann Area Drainage Master Study 
Update (ADMSU) for Entellus, lnc. for the Flood Control District of Maricopa County, January 
30, 2004. 

Geo-Slope International, Ltd., 1997: User's Manual for SEEPIW Version 4. Calgary, Albeita, 
Canada. 



Green, R.E. and Corey, J.C., 1971, Calculation of Hydraulic Conductivity: A Further Evaluation 
of Some Predictive Methods, Soil Science of America Proceedings, Vol. 35, pp. 3-8. 

Harvey, A.M., 1992, The Occurrence and Role of Arid Zone Alluvial Fans, Arid Zone 
Geomorphology. 

Hilf, J. W., 1991. Chapter 7: Con~pacted Fill, Foundation Engineering Handbook, 2"" Edition, 
Hsai-Yang Fang, Ed., Von Nostrand Reinhold, New York. 

Huckleberry, G., 1994, Surficial Geology of the Wittmann and Hieroglyphic Mountains 
Southwest 7.5' Quandrangles, Northern Maricopa County, Arizona, Arizona Geological Survey 
Open-File Report OFR 94-21, Tucson. Arizona. 

Kimley-Horn & Associates, lnc., 2004, Emergency Action Plan Update for McMicken Outlet 
Channel, Contract FCD 2003C062, Maricopa County, Arizona, July 18. 

Kirsten, H.A.D.. 1982, A Classification System for Excavation in Natural Materials, Civil 
Engineer in South Africa, Vol. 24, No. 7. July, pp. 293-308. 

Icirsten, H.A.D., 1988. Case Histories oCGroundmass Characterization for Excavatability, Rock 
Classification Systems for Engineering Purposes, ASTM STP 984, Louis Icirkaldie, Ed.. 
American Society for Testing and Materials, Philadelphia, Pennsylvai~ia, pp. 102-120. 

Ninyo & Moore, 2005'0. Alternative Analysis and Preliminary Design Report, McMicken Dam 
Principal Spillway, Maricopa County, Arizona, Contract FCD 2004C029, PCN 202.01.26, 
November 16.2005. 

Peterson, D.L.. 1968, Bouger Gravity Map of Parts of Maricopa, Pima, Pinal and Yuma 
Counties, Arizona. US Geological Survey Geophysical Investigation Map GP-615. 

Prokopovich, Nikola P., 1983. Reconnaissance Estimates of Subsidence Along Salt-Gila 
Aqueduct; Arizona in The Bulletin of the Association Of Engineering Geologists, Vol. XX, no. 
3. p. 297-315. 

Reynolds, S.J., Wood, S.E., Pearthree, P.A. and Field, J.J., 2002. Geologic Map of the White 
Tank Mountains, Central Arizona. Arizona Geological Survey Digital Geologic Map DGM- 14 

Reynolds, S.J. and Grubensky; M.J., 1993, Geologic Map of the Phoenix North 30' x 60' 
Quadrangle, Central Arizona. Arizona Geological Survey Open-File Report OFR 93-1 7. Tucson, 
Arizona. 



Ricker, Atkinson, McBee and Associates Inc., (RAM) 2004a; Principal Spillway at McMicken 
Dam Geotechnical Investigation (Supplement) RAM Project No. G08912, January 5. 

Riclcer, Atkinson, McBee and Associates Inc., (RAM) 2004b, Principal Spillway at McMicken 
Dam Geotechnical Investigation, RAM Project No. GO89 12, April I .  

Ruclter, M.L. and Fergason, K.C., 2006, Characterizing unsaturated cemented soil profiles for 
strength, excavatability and erodibility using surface seismic methods, Unsaturated Soils 2006. 
Geotechnical Special Publication No. 147, Miller, G.A., Zapata, C.E., Houston. S.L. and D.G. 
Fredlund, eds., ASCE, Reston, Virginia, pp. 589-600. 

Sergent, Hauskins and Beckwith (SH&B), 1982, Geotechnical Investigation Report, McMicken 
Dam Restoration Study, Maricopa County, Arizona, Report prepared for the Flood Control 
District of Maricopa County, SHB Job No. EX 1-138 Phase 11, July 27. 

Sergent, Hauskins and Beckwith (SHglB), 1983a, McMicken Dam Restoration Study, Maricopa 
County, Arizona, Report prepared for the Flood Control District of Maricopa County, SHB Job 
No. E82-111 January 27. 

Sergent, Hauskins and Beckwith (SH&B), 1983b, McMicken Dam Construction Engineering 
Reports, Maricopa County, Arizona, Reports prepared for the Flood Control District of Maricopa 
County, SHB Job No. E83-140, 15 Reports from November 28. 1983 to October 16, 1984. 

Sherard, J. L.. 1953, Influence of Soil Properties and Construction Methods on the Performance 
of Homogeneous Earth Dams. Technical Memorandum 645, U. S. Department of the Interior, 
Bureau of Reclamation, January. 

Sweeney, R.E. and Hill, P.L., 2001. Arizona Aeromagnetic and Gravity Maps and Data, U.S. 
Geological Survey Open-file Report 01-008 1. 

Tetra Tech, Inc.; 2003, Workshop on Cracking of Homogeneous Earth Dams in Semi-arid 
Environments January 29 & 30, 2002, Contract FCD 2001C013, Maricopa County, Arizona, 
Tetra Tech Project 4454. 

U.S. Arn~y Corps of Engineers (USACE), Sacramento District. Sacramento, California, 1954, 
Design Memorandum No. 2, Design Analysis for Trilby Wash Detention Basin and Outlet 
Channel. Flood Control, Lower Agua Fria River an Vicinity, Maricopa, Arizona, March. 

U.S. Army Corps of Engineers (USACE), Los Angeles District. 1956, Gila River and 
Tributaries, Arizona, Agua Fria Project, Lower Agua Fria River, Trilby Wash Detention Basin 
Dam and Appurtenances, As Constructed Plans, July 26. 



U.S. Army Corps of Engineers (USACE), South Pacific Division Laboratory, Sausalito 
California, 1957, Report of Soils Tests, Record Samples, Trilby Wash Detention Basin Dam, 
Agua Fria Project, June. 

U.S. Army Corps of Engineers (USACE), Los Angeles District, 1973, Embankment Cracking 
Investigation, Trilby Wash Detention Basin, Lower Agua Fria River, Maricopa County, Arizona. 
January. 

U.S. Army Corps of Engineers GSACE). Los Angeles District, 1977a, Breaching and Remedial 
Reconstructions Feasibility Study, Trilby Wash Detention Basin, Lower Agua Fria River, 
Maricopa County, Arizona, January. 

U.S. Army Corps of Engineers (USACE), Los Angeles District. 1977b, Trilby Wash Detention 
Basin, Lower Agua Fria River, Maricopa County, Arizona, May 1 I. 



THIS PAGE INTENTlONALLY LEFT BLANK 



TABLES 

Tables-] 



1 1750 
Cat 325 refused 

Stage Ill+ Cat 33OBL succeeded 
. 

2000 
Cat 330BL refused 

Stage IV Cat 345BL succeeded 4 

Table GA-14.1.2A 
Approximate Structure Foundation Suitability 

Cemented Soils (Caliche) 
Cementation S-wave I Excavation Structure 

Stage 
Class Suitability . 

I 
1 Stage I 

Stage I+ Poor I 
Sta e l l  .. 2 

Fair 
-- 1250 

/ Stage I l l  , 1500 1 John Deere 710D 
1 I - ! 



equivalent performance for excavation. All velocities are apiroximate and represent a typical range. 
Seismic velocity ranges for backhoes and trackhoes in cemented soils with typical p-wave velocity less 
than 6,000 fis are from Rucker and Fergason (2006). See the Caterpillar Performance Handbook 
(Caterpillar, 1984, 1993 or current edition) for details on use of seismic information for rippability. Different 
model configurations include variations in weight and horsepower. -- 

Table GA-14.2.2A 
Approximate Erodibility B Excavatability of Materials 

Limestone B Cemented Soils -. (Caliche) -- 

Seismic 7. . 
Velocity (P- 

Erod~bility I 
Dozer Type Excavatability Index 

Erosion Threshold 
Stream Power, 

Wave), fVsec 1 8 Power i (Kirsten, 1982, 1988; 1 kWlmZ 
(Rucker and ( (Cat, 1984, 1993) i NRCS, 2001) / (Annandale, 1995) 
Fergason, 2006) 

-- f very erodible 

1,500 - 3,000 
hand pick & spade 
Cat 416C 78 hp 

0.01 - 0.099 very erodible - 0.2 
-- 

3,000 - -3,500 0.1 - 0.99 t ! 0.2 - 1 .O 
- 

Cat 330BL 222 hp 

-- 
1.0 - 5.0 

-- 

5,900 - 7,200 
Cat 375 428 hp 

100 - 999 30 - 200 
Cat D9L 460 hp 

Notes: Bulldozer and backhoe power ranges ark presented by ~i;sten 11982, 1988) as a measure of 
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FIGURE GA-5.1A 
McMicken Dam Summary of Cracking 

- Ex~st~ng Dam & Emergency Sp~llway Crest (NAVD88) - Toe of Slope Downstream (NAVD88) 

- Toe of Slope Upstream (NAVD88) - Bottom of Central F~lter (NAVD88) 
A MCFCD-Crack Locatton (1977) A SHE-Crack Locat~on (1981) 

SHB-Feature Locat~on (1981) SHB-Hole Locat~on (1981) 

. . 
A USACE-Crack Locatton (1973) FCDMC Crack Locatlon (2006) 

FCDMC - Hole Locat~on (2006) - Relat~ve Crest Elevabon Change (06-85) 

- I 
270+00 320+00 

Dam Station (ft) 



FIGURE GA-6.1A 
McMicken Dam Foundation Profile 

E x i s t i n g  Dam & Emergency Spillway Crest (NAVDBB) - Bottom of Center FiiterIDrain (NAVDBBI 

Approximate Foundat~on at Dam Centerline (NAVDBB) After Clear~ng USACE Cementat~on 
SH&B SPT230 I, N&M SPT >30 
RAM SPT >30 Potential PoorIGood Foundatton Contact from Select AMEC 2006 P-Wave Veioc~ties (NAVD88) - Potential PoorIGood Foundation Contact from AMEC 2005 TDR Trench Logg~ng (NAVDBB) - - -. Approximate Interpreted PoorIGood Foundat~on Contact at Dam Centerline (NAVD88) 

I 

', ,-, 
I 

I> /  I I I 

120+00 170+00 220+00 270+00 320+00 370+00 420+00 470+00 520+00 

Dam Station (ft) 



FIGURE GA-6.1.lA 
McMicken Dam Center FilterIDrain Profile 

-Existing Dam & Emergency Spillway Crest (NAVD88) - - Bottom of Center FiiterlDrain (NAVD88) 

1325 
70+00 120+00 170+00 220+00 270+00 320+00 370+00 420+00 470+00 520+00 

Dam Station (ft) 



FIGURE GA-6.2A 
Summary of McMicken Dam Embankment Moisture Content Data 

0 I 

'Mean of Construction Data (1957) 
5 'Standard Deviation of Construction Data (1957) 

USACE (1 973) 
I SH&B (1982) 

- AMEC (2003) 
0 RAM ( Aprll2004) 

7 N&M (2005) 
10 

2 t I. - 
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Moisture Content (Percent of Dry Weight) 



FIGURE GA-6.28 
McMicken Dam Embankment Material Properties 

1. Plasttclty chart from ASTM D2487-00 
2. Resistance Categotles from Sherard (1953) 
3. Seven nonplastlc tests not ploned. 
4. The plot shows results for Pne-gralned so~ls and the f~ne-gra~ned fract~on 

RESISTANCE CATEGORY 1 

or 

A USACE (1 973) 
- 8 FCDMC (1 977) 

SH&B (1 982) 

* AMEC (2003) 

o RAM (January 2004) 
- 

o RAM (April 2004) 

RESISTANCE CATEGORY 3 A N&M (2005) 

0 10 20 30 50 60 

Liquid Limit 



FIGURE GA-14.1.1A 
Partially Penetrating Central Filter Failure Mode Cartoon 

(from Tetra Tech, 2003) 

beneath central filter and along 
embankment-foundation interface 

Elev. 

1580' - 

bn-t: 5/*y &clayey +Md unB 
FMe graver, 6 a d y  day, smby s~tt, 
and c/aFeY sift 

Cdkpsing .'&Eocene allvval fan de osrts: 
srry B ereye +sna and nne  grave^ ran* rray, 

ayey silt . dy 5 ~ t ~ i  d 

Modeatefy tc strong& cemented 
rate PIeistaene atluwiutiun~ 

Central Fdter aggregate: 
sand & gravel wlrh some si/t 



FIGURE GA-14.1.2A 
Poor Foundation Conditions Failure Mode Cartoon 

(from Tetra Tech, 2003) 

r unr mt: SlltY & cfayey Sand 
fine gmW, wndy day, sandy ssrk 
wrd clevey st* 

Madwately to stmngly camenfed 
Late Pleistocgne alhvtoh 

Cenlral Filter %reg&: 
wnd % ffravel wi& some silt 



FIGURE GA-14.1.28 
Earth Fissure Failure Mode Cartoon No. 1 

(from Tetra Tech, 2003) 

I n - 1  I HIDRAlJLlCS OF FLOW: ASSUMPTION &: 11 
- 

II e?, 
4 CRACK REMTED + Erosion of Holocene Soils by downward 

seepage into flssure creating gully 

FAILURE MODE extending beneath upstream slope + Cracking and large deformations of 
upstream slope + No seepage through dam 



FIGURE GA-14.1.2C 
Earth Fissure Failure Mode Cartoon No. 2 

(from Tetra Tech, 2003) 

FAILURE MODE 



FIGURE GA-14.2.1.1A 
Cracked Homogeneous Embankment Failure Mode Cartoon 

(from Tetra Tech, 2003) 

a'-$ CRACK-RELATED Corttinuous leak along shrinkage/ 
settlement cracks passing through 
homogeneous embankment 

-,, d 

Embanknrent: SIh. tl cbyey Jqnd and 
Afle gravel, sandy cky, sen* stlt, Moderately to drangty cemented 
and c(syey Ellt Late Plslsmcene alfuulum 

COlldp~,~ng Hdocene allmiat Fan de , I Sdty &? a r v  u n d  ma f~na grwe(%%%y day, 
randy r,lI: Z y c y  s ~ t  



C r e s t  of Outlet Channel Levee - 2003 & 2004 Surveys (NAVD88) 

Approximate Crest of Outlet Channel Levee As-built (NAVD88) 

~r Approximate Foundation at Levee Centerline As-built (NAVD88) - Approximate Existing Grade at Levee Centerline As-built (NAVD88) 

A Potential PooriGood Foundation Contact from Select AMEC 2006 Test Pits (NAVDBB) 

Potential PooriGood Foundation Contact from AMEC 2006 Crest P-Wave Velocities (NAVD88) 

Potential PooriGood Foundation Contact from Select AMEC 2006 Downstream Toe P-Wave Velocities (NAVD88) 

1 O+OO 35+00 60+00 85+00 11 O+OO 135+00 160+00 185+00 21 O+OO 235+00 260+00 285+00 31 O+OO 335+00 

Outlet Channel Station (ft) 

FIGURE GA-14.2.2A 
McMicken Outlet Channel Levee Foundation Profile 
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18'. . . E . . o f  -.-- t o e  . 

CLAYEY SAND, c o n s i d e r -  
a b l e  s i l t ,  some f i n e ,  
s u b a n g u l a r  g r a v e l ,  
p redominan t ly  f i n e  t o  
medium, weakly cernent- 
e d ,  medium t o  low p l a s -  
t i c i t y ,  brown 

. .. ... .,. ... ...~ . 
CLAYEY SILT, c o n s i d e r -  
a b l e  f i n e  s a n d ,  weakly 
t o  m o d e r a t e l y  cemented,  

s u b a n g u l a r  g r a v e l ,  
weakly to modera te ly  
cemented,  medium p l a s -  
t i c i t y ,  brown 



VISUAL C L A S S I F I C A T I O N  

weakly cemented, medi- 
um plasticity, light 

. . . . . . . . . . . -  .- ..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

moist SILTY SAND, consider- 
able clay, trace of 

firm gravel, predominantly 

fine to medium, very 
weakly cemented, low 
plasticity, brown 

.. ......... . .- . .-.. .. 

slightly CLAYEY SAND, some silt, 
moist predominantly fine, 

hard 
subrounded, weakly. ce- 
mented, medium plastic- 
ity, light brown 

.. ... ........ ... ........ .- ........-... -. ...-" - -. - ... " 

Auger refused at 32' 

- - 
.--. -. 
- 
-- 

- 
-- . 

-- - 
a ._ 

I. 
G R O U N D W A T E R  S A M P L E  T Y P E  I B - 5  

DEPTH HOUR DATE A - Auger cu,ting.. B - Black ,ompls 
S - 2" O.D. 1.38" 1.0. lube sampls. -!m' SERGENT, HAUSKINS & BECKWITH I none I 



PROJECT McMiclcen Dam R e s t o r a t i o n  Studv LOO OF TEST B O R I N G  NO.& 
JOB NO. E81-138 DATE 12-14-81 l o c a t i o n 1  

BORING T Y P E  

VISUAL CLAISIFICATIOH 

SILTY CLAY, some t o  
c o n s i d e r a b l e  s a n d ,  
t r a c e  of g r a v e l ,  weakly 
t o  m o d e r a t e l y  cemented,  
medium p l a s t i c i t y ,  

SAND, c o n s i d e r a b l e  c l a y  : 
& subrounded t o  suban- 
g u l a r  g r a v e l  i n  l e n s e s ,  
p redominan t ly  f i n e  to  
medium, low p l a s t i c i t y ,  
brown t o  l i g h t  brown .-., ~. .~ ,. , .,.. . . . -. .. . . . .. . . . . , ... . . .  . . ~ . .  ..L,.,,...,........... 

SILTY CLAY, some f i n e  
t o  medium s a n d ,  weakly 
t o  m o d e r a t e l y  cemented, 
medium p l a s t i c i t y ,  

CLAYEY SAND, t r a c e  o f  
f i n e ,  a n g u l a r  t o  sub- 
a n g u l a r  ' g r a v e l ,  p r e -  
dominan t ly  f i n e  t o  

SANDY, SILTY CLAY, 
weakly t o  modera te ly  
cemented ,  medium p l a s -  
t i c i t y ,  brown 

n o t e  : some subrounded 
t o  a n g u l a r  g r a v e l  be low 

SAMPLE TYPE 



PROJECT McMicken Dam Restoration Studv LO@ OF TEST BBWINQ N O . 4  

S I L T Y  CLAY,  consider- 
able well graded sand, 

CLAYEY S A N D ,  some silty 
sand lenses, small 
amount of fine, suban- 
gular gravel, predomi- 
nantly well graded, 
occasionally weakly 
cemented, nonplastic 

S I L T Y  SAND,  trace of 
fine, subrounded grav- 
el, predominantly fine 

note! some predomi- 
nantly subangular grav- 
el from 38' to 42' & 

SAMPLE T Y P E  
I SERGENT, HAUSKINS & BECKWITH 



PROJECT McMicken Dam Res to ra t ion  Study 

sand ,  s m a l l  amount of  
f i n e ,  angula r  t o  sub- 

SILTY SAND, cons ider -  
a b l e  c l a y  i n  l enses  & 
angular  t o  subangular 
g rave l  i n  l e n s e s ,  p re -  
dominantly f i n e  t o  
medium, subangular ,  

CLAYEY SAND, cons ide r -  
a b l e  s i l t ,  small  amount 
t o  cons iderab le  g rave l  

n o t e :  cons ide rab le  
angula r  t o  subangular 
g rave l  from 3 7 '  t o  3 9 '  

. ~ ~ 

SILTY SAND, t r a c e  of 
angular  t o  subangular 
g r a v e l ,  predominantly 
f i n e  t o  medium, weakly 
cemented, n o n p l a s t i c  
t o  low p l a s t i c i t y ,  t a n  

SILT, some c l a y  & f i n e  
sand,  low p l a s t i c i t y ,  



LTY SAND, con- . . : 

some clay, predomi-. 
nantly fine to medium 
with considerable well 
graded lenses, occa- 
sionally weakly cement- 
ed, nonelastic to low 
plasticity, brovm to 
reddish-brown 

note: some sandy silt 
lenses below 2 5 ' ,  tan 

........... ................. ................ ....... . 

Stopped auger at 3 4 ' 6 "  
Sampler refused at 

SAMPLETYPE 
A - ~ u 0 . r  cvl l ingr.  0 - Black sample 
S - '2" 0.0. 1.38" 1.0. luba sample. 
, .  &,, ? - . .-., , - . ........... 



PROJECT 'fcMicken Dam Res to ra t i on  Study 

VISUAL C L A S S I F I C A T I O N  

t i c i t y ,  l i g h t  brown t o  
reddish-brown 

CLAYEY SAND, cons ider -  
a b l e  s i l t ,  some g r a v e l ,  
predominant ly  f i n e  t o  
medium, weakly cement- 
e d ,  low p l a s t i c i t y ,  
t a n  t o  reddish-brown 

n o t e :  cons ide rab l e  
subangular  g r ave l  below 

SILTY SAND, some sub- 
angula r  g r a v e l  wi th  
cons ide rab l e  g r a v e l  
i n  l e n s e s ,  predominant- 
l y  f i n e  t o  medi.um wi th  
some w e l l  graded 
l e n s e s ,  occas iona l ly  
weakly cemented, non- 
p l a s t i c  t o  low p l a s t i c -  
i t y ,  t a n  t o  l i g h t  brown 

n o t e :  sma l l  amount o f  
c l a y  below 45 '  

A - Auger cutling.. B - Block sample 
5 - 2" 0.0. 1.38" 1.0. lube v ~ r n p l ~ .  .. -.,* - - ."., . - . , . . - - . . . . . . . . . -. . -. . , - - - 



PROJECT McMicken Dam Restoration Study LOO Q F  TEST BORING N O . 8  
JOBNO. E81-138 DATE 13. - 16 - 81 location Station 2 9 4 + 0 0 , . 1 2 '  E of toe 

VISUAL CLASSIFICATION 

..................................... 

Y SAND, consider- 

angular to subrounded 
gravel, predominantly 
fine to medium, some 
well graded 'lenses, 
weakly cemented, medi- 
um plasticity, brown 
to reddish-brown 

note: occasional sandy 
or silty clay lenses 

. . . . . . . . . . . . . . . . . . . .  . .  . 
SILTY SAND, some silt 
in lenses & subrounded 
to subangular gravel 



p ~ o j ~ c ~ M c M i c k e n D a r n  Study 8 0 6  OF PIST B O R I N G  NO. 9 
JOB NO. E81-138 DATE 12-1.6-81 location Station 280+00,.10! E of 'toe 

CME-55 

SILTY CLAY., some sand 
& gravel, weakly to 

very firm 
to hard 

slightly -- ,moist to 
dry 

firm to 
hard 

moderately cemented 
below 2 & ' ,  medium plas- 
ticity, brown 

SILTY SAND, some clay 
& subangular gravel in 
lenses, predominantly 
fine to medium, occa- 
sionally weakly to 
moderately cemented, 
nonplastic to medium 
plasticity, brown to 
reddish-brown 

note: gray below 40' 

note: increase in 
gravels below 45' 

. . .. .. .- .. ~. ... .~~ . - 
~ 

Stopped auger at 49'6" 
Sampler refused at 
50' 4" 

I 
SAMPLE TYPE B-12 

A - A i n .  8 - BIOCL & BECKWITH 
5 -. 2" 0.0. 1.38" 1.0. tubs .omrlo. 
# !  n ,. . 3 n ... L-  .--- P. ...-,., -...- -.--. -".,,*.. -h,c,"*..m- 



PROJECT McMicken Dam Res tora t ion  Study LOG OF TEST &ORIN@ NO.& 
l o c a t i o n  S t a t i o n  260+00,. 1 5 '  E of t o e  

t r a c e  of g r a v e l ,  medi- 
um t o  low p l a s t i c i t y ,  

n o t e :  weakly t o  moder- 
a t e l y  cemented below 

SILTY CLAY, some sand,  
weakly t o  moderately 
cemented, medium p l a s -  

CLAYEY SAND, cons ider -  
a b l e  s i l t ,  smal l  amount 
of angula r  t o  subangu- 
l a r  g r a v e l ,  predomi- 
nan t ly  f i n e  t o  medium, 
l o w  p l a s t i c i t y ,  r ed -  
dish-brown t o  l i g h t  

amount of sand,  occa- 
s i o n a l  s i l t y  sand 
l e n s e s ,  weakly t o  mod- 
e r a t e l y  cemented, 

SILTY SAND, smal l  
amount of f i n e ,  sub- 
angula r  g r a v e l ,  p re -  
dominantly f i n e  t o  

Stopped auger  a t  3 4 ' 6 "  
Stopped sampler a t  36 '  
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PROJECT McMicken Dam Restoration Study LO5 O f  TEST BORIP4Q NO.& 

moderately cemented, 
low plasticity, brown 

SANDY SILT , consider - 
able angular to suban- 
gular gravel in lenses, 
some clay & silty sand 
lenses, predominantly 
fine to medium, occa- , 
sionally weakly cement- 1 
ed, nonplastic to 
medium plasticity, tan 
to light brown 

note: moderately ce- 
mented gravels at 30' 

Auger refused at 31' 
on cemented gravels 

5 - 2" 0.0, 1.38" I.D. rubs a g r n ~ l a .  
., ",, - - - ."., . - . , 



PROJECT McMicken Dam Restoration Studv L O 6  OF TEST B O R I N G  N 0 . a  
E81-138 DATE 10' W of toe 

L CLASSIFICATION 

able silt, some clayey 
sand lenses & gravel, 
weakly to moderately 

~ . . . 

silty sand & silty 
gravel, angular to 
subangular, weakly 
cemented, low plastic- 
ity, tan to light brown 

note : considerable 
gravel from 11' to 18' 

SILTY SAND, consider- 

SAMPLETYPE 
& - &usor eullingr. 0 - Block lampl. 
5 - 1" D.D. 1.38" 1.0. tuba .ampis. ,, , ,  - - " 4 .  - . , 



PROJECT McMicken Dam Rest- 

g r a d e d  s a n d ,  t r a c e  o f  

. . . . . . . 
SANDY SILT, c o n s i d e r -  
a b l e  g r a v e l ,  predomi-  
n a n t l y  f i n e  t o  medi.um, '. 
weakly cemented i n  
p l a c e s ,  n o n p l a s t i c  t o  
' l o w  p l a s t i c i t y ,  l i g h t  
brown t o  brown 

S I L T ,  o c c a s i o n a l  t h i n  
l e n s e s  o f  s i l t y  s a n d ,  
m o d e r a t e l y  cemented ,  
low p l a s t i c i t y ,  t a n  



PROJECTC LOO OF TEST BORING N 0 . A  
JOBNO. E81-138 DATE 17-17-81 location Station 2603-50. 10' W of toe 

CME-55 
BORING T Y P E  6%" Hollow Stem Auger - 
SURFACE E L E V .  

SANDY SILT, small 
amount of fine, angu- 
lar gravel, weakly 
cemented, low plastic- 

SILT, considerable 

SILTY SAND, consider- 
able clayey lenses, 
some subangular gravel 
predominantly fine to 
medium, weakly cement- 

mented, medium plas- 
.... ~~ ..,. ~. ... . , . . . . . . . . ,  

SANDY CLAY, consider- 
able silt, trace of 
gravel, moderately 
cemented, medium plas- 
ticity, light brown 

I I l l  I I 1 I I J 
GROUNDWATER SAMPLE TYPE I B-18 

D A T E  A - Auger cuttlne*. a - Block -mpl* ,ml SERGENT,HAUSKINS & BECKWITH I none I 5 - 2" O.D. 1 . 3 8 ~ '  I.D. tub. S . ~ ~ I . .  &, - , 



to medium sand, weakly , 
cemented, medium plas- 
ticity, brown 

SILTY SAND, consider- 
able clay, some angu- 
lar to subangular 
gravel, predominantly 
fine to medium, weakly 
cemented, nonplastic 
to low plasticity, 
reddish-brown to brown 

plastic to low plas- 
ticity, brown 

note: increase in 
gravel below 27' 

--.. . . . . . 

to medium plasticity, 
brown to dark brown 

Stopped auger at 3 4 ' 6 "  
Stopped sampler at 3 6 '  



PROJECT McMiclten Dam Restoration Study LOO OF TEST BORING N 0 . A  

cemented, medium plas- 
ticity, brown to dark 

cemented, low to medi- 
um plasticity, brown 
to reddish-brown 

SILTY CLAY, consider- 
able fine to medium 
sand, some clayey sand 
lenses, trace of fine 

SILTY SAND, some silt 
& sandy silt lenses, 
small amount of angular 
to subangular gravel, 
predominantly fine to 
medium, occasionally 

SAMPLE TYPE 
A - Auger cufrings. B - Block sornple 
5 -1" O.D. 1.38" I.D. 9ubm sompla.  - (m1 SERGENT, HAUSKINS & BECKWITH 

, - 



PROJECT McMicken Dam ,Restoration Study LOG OF TEST BORIBJG NO.& 
JOB NO. E81-138 DATE 12-18-81 location. Station 3114-00. . . .  10' W o f  toe- 

cm-55 
BORING T Y P E  6%" Hollow Stem Auger 

V I S U A L  C L A S S l F l C A T l O N  

moderately cemented, 
medium plasticity, 
dark reddish-brown to 

- . -. - .. ,..... . . . . 

SILTY SAND, some clayey' 
sand & clayey silt 
lenses with some sub- 
rounded to subangular 
gravel lenses, predomi- 
nantly fine to medium, 
nonplastic to low plas- 
ticity, tan to light 

note: considerable 
well graded, angular 
to subangular sand 
gravel below 20' 

S A M P L E  T Y P E  
A - ~ v g s ,  cu~t ings.  8 - Block =ompla 
5 - 2" O.D. 1.38" 1.0. tubs somplm. - SERGENT, HAUSKINS & BECKWrrH 



PROJECT McMicken Dam Restorat ion Study LOO OF TEST BORING N 8 . 2  
location Station 328+00,  17' W of toe 

BORING T Y P E  

to medium sand, weakly 
to moderately cemented, 
medium plasticity, 
light brown to reddish- 

some well graded 
lenses, predominantly 
fine to medium, occa- 
sionally weakly cement- 
ed, nonplastic to 
medium plasticity, 
light brotm to tan to 
reddish-brown 

note: considerable 
gravel below 33' 

Stopped auger at 34'6" 
Sampler refused at 35' 

SAMPLE TYPE 
A - Avpar cultinpa. 0 - Block  sompl.  
5 - 2" 0.0. 1.38" I.D. l v b ~  sompla.  - 



PROJECT McMicken Dam Restorat ion Study bOQ OF TEST B O R I N @  MQ. 20 
JOB NO. ESL-138 DATE 12-18-81 location Stat-ion 344+00. 5 '  W of toe' 

CME* 
6%" Hollow Stem Auger - 

1337.5' 

VISUAL CLASSIFICATION 

SILTY CLAY, consider- 
able interbedded lenses 

.... .. . . 

subangular gravel in 
lenses, some silty 
sandy clay in lenses, 
predominantly well 
graded, occasionally 
weakly cemented, low 
to medium plasticity, 
reddish-brown 

CLAYEY SILT, consider- 
able fine to medium 
sand, occasionally 
weakly cemented, low 
plasticity, brown 

note: considerable 

SAMPLE TYPE 
A - Augsv culling.. 0 - Block aompla 
S - I" O.D. 1.38" I.D. lube =empis. -, 



molst to 

SILT, some clay, gravel 
& sandy silt lenses, 
weakly cemented, medi-. 

predominantly..-fine to 
medium, nonplastic to 
low plasticity, light 
brown to reddish-brown 

SAND, considerable '. 

silt, some silty sand 
lenses & angular to 
subangular gravel, 
predominantly fine to 
medium with some well 
graded lenses, nonplas- 
tic, brown to light 

Stopped auger at 34'6" 
Stopped sampler at 36' 

SEAGENT, HAUSKINS & BECKWITH 



VISUAL CLAISIFICATION 

ally weakly cemented, 

CLAYEY SAND, consider- 

.. .- .....-........... ...- 

nodules, medium to 
high plasticity, brown 

SILTY SAND, some clay, 
small amount of suban- 
gular gravel, predomi- 
nantly fine to medium, 
nonplastic to low 
plasticity, light brown 

.- ............. . . . .  

Stopped auger at 34'6" 
Stopped sampler at 36' 



PROJECT McFIicken Dam Restoration Study LOO OF TEST BORlNG N O . 2 3  
JOBNO. E81-138 DATE 1-4-82 

gravel, &akly cement -. 
ed, medium plasticity, 

SILTY CLAY, some fine 
to medium sand, weakly 
to moderately cemented, 
low to medium plastic- 
ity, light brown 

SILTY SAND, some clay 
& subangular gravel, 
predominantly fine to 
medium, nonplastic to 
low plasticity, brown 

SILT, considerable 
fine sand, some clay, 
trace of fine gravel, 
weakly to moderately 
cemented, low to medi- 
um plasticity, light 

Stopped auger at 34'6" 

GROUNDWATER SAMPLE TYPE 

I SERGENT, HAUSKINS & BECKWITH 
, , . , , - - . . . . . . - . 



able fine sand in 
SILTY CLAY, consider- 

lenses, occasionally 
weakly cemented,, medi- 
um plasticity, brown' 

CLAYEY SILT, some fine 
to medium sand & gravel 
in lenses, weakly ce- 
mented, low plasticity, 
light brown to brown 
note: trace of gravel 

SILTY SAND, small 
amount of clay E fine 
gravel, predominantly 
fine to medium, non- 
plastic to low plas- 
ttcity, brown 

Stopped auger at 34'6" 
Stopped sampler at 36' 

A - A u g a  culllngs. B - Block sornple 
5 - 2" O.D. 1.38" 1.0. nube sompl.. ., - , , - -  , 



1 of 2 

able silt, some sub- 
angular to subrounded 
gravel, medium plas - 
ticity, brown 

medium sand, medium 
plasticity, brown 

- - - . . . .. . . - 
SILTY CLAY, some to 
considerable sand, 
weakly cemented, medi- 

A - Aupor cullinps. 0 - Bloc4 
S - 2" O.D. 1.38" I.D. lube .amplo. 

I SERGENT, HAUSKINS & BECKWITH 
,, , 



PROJECT McMicken Dam Restoration Study LOO OF TEST BOWING ~ 0 . 2 5  
location Station 3284-23, @ of darn 

BORING TYPE 6k" Hollow Stem Auger 

........ - .........-.. -. ........ -- ... 

A - Auper Cutlinps. B - Black sarnpl. 

, .  . , . -  , 



I of 2 
PROJECT McMiclcen Dam Restoration Study LOO OC TEST B081M61 M O . 2 6  
JOBNO. E81-138 DATE 1-5-82 location Station 34h-I-15, k of dam 

cm-55 
BORING TYPE 6%" Hollow Stem Auger 
SURFACE ELEV. 1358.0 ' 

angular to subangular 
gravel, occasionally. 
weakly cemented, medium 
~lasticity, brown 

SILTY CLAY, some to 
considerable sand, 
trace of gravel, medi- 
um plasticity, brown 

SILTY SAND, some clay, 
sandy silt lenses & 
subrounded to subangu- 

................... 

........... -. . . . . . . . .  

SAND, some silt, small 
amount of angular to 
subangular gravel, pre- 

SILTY SAND, some clay 
& angular to subangu- 
lar gravel, predomi- 
nantly fine to medium, 
low plasticity to non- 
plastic, light brown 
to reddish-brown 

SAMPLE TYPE 

. . . . .  





. PROJECT McMicken Dam Res to ra t i on  Study BOO OF TEST BQIPIN6 PdO.27  
JOBNO. E81-138 DATE 1-5-82 Locat ion S t a t i o n  355l-00, Q of dam 

CME-Xj - 
BORING T Y P E  6%'' Hollow Stem Auger 

VISUAL CLASSIFICATION 

medium p l a s t i c i t y ,  da rk  

SANDY SILT, some c l a y  
& angu la r  t o  subangu- 
l a r  g r a v e l ,  medium t o  
low p l a s t i c i t y ,  brown 

. 

SILTY CLAY, some f i n e  
t o  medium sand,  low 
p l a s t i c i t y ,  t an  t o  

SILTY SAND,  well 
graded,  n o n p l a s r i c  
t o  low p l a s t i c i t y ,  

I SERGENT, HAUSKINS a BECKWITH 



1 of 2 
p ~ 0 j ~ c ~ M c M i c k e n  Dam Restoration Study LO83 OF TEST BORING ~0.28 

VISUAL CLASSIFICATION 

, some angu- 
lar to subangular 
gravel, some moderate 
cementation, medium. 
plasticity, brown 

SILTY CLAY, some fine 
to medium sand. small 
amount of fine, suban- 
gular to subrounded 
gravel, trace of weak 
cementation, low plas- 
ticity, dark brown 

CLAYEY SILT, some sand, 
predominantly fine, 
small amount of fine, 

SILTY SAND, some clay 
& fine, angular to sub- 
angular gravel, pre- 
dominantly well graded 
to predominantly fine, 
nonplastic to low 
plasticity, brown to 
reddish-brown 

SAMPLE T Y P E  



2 of 2 
PROJECT NcMicken Dam Restoratinn Study LOO OF TEST BOllsYQ NO.& 
JOBNO. E81-138 DATE 1-5  & 1-7-82 

SURFACE ELEV.  

a t e i y  cemented, medium 
t o  low p l a s t i c i t y ,  

no te : '  . occas iona l  l e n s e  
of cons ide rab le  sand 

s topped auger a t  5 9 '  6" 
Sampler r e fused  a t  

SAMPLETYPE 
A - Auger sullings. 0 - Blosk narnpl. 
S - 2" O.D. 1.38" 1.D. nvba %ompla. - Im~ SERGENT, HAUSKINS & BECKWITH 



PROJECT McMicken Dam Rest-tlldy 

VISUAL CLASSIFICATION 

angular gravel, occa- 
sional lenses of sandy 
clay or silty sand with 
angular to subrounded 

note: some strongly 
cemented nodules below 

SAND, considerable 
silt, predominantly 
fine to medium, non- 

1 SERGENT, HAUSKINS & BECKWITH 
.~ . . ". 



1 of 2 
T McMicken Dam Restorat 

SILTY CLAY, consider- 
able well graded sand 
in lenses, some an- 
gular to subrounded 
gravel in lenses, 
occasionally' weakly 
cemented, medium plas- 
ticity, brown to red- 
dish-brown to dark 

CLAYEY SILT, consider- 
able fine to medium 

predominantly angular 
to subangular gravel, 
predominantly well 
graded, low plasticity 
to nonplastic, brown 

CLAYEY SILT 6 SILTY 
CLAY, medium plastic- 
ity., light gray to 
brown; SILTY SAWD, 
fine, low plasticity, 
light. brown & CLAYEY 
SAND, fine to medium, 
low to medium plastic- 

GROUNDWATER SAMPLI  TYPE 



PROJECT McMicken Dam R e s t o r a t i o n  Stud LO@ OF  TEST BOiQZINO NO.& 
JOB NO. E81-138 DATE 1-11-82 *ation S t a t i o n  386+00, 4 of dam 

VISUAL CLASSIFICATION 

I i i  medium, i - ~ o n ~ i a s t i , ~ ,  

I 
-- ii 

I 3 I t a n  t o  l i g h t  'brown .- ". -- 

Stopped auge r  a t  4 9 ' 6 "  
Stopped sampler a t  51 '  

G R O U N D W A T E R  S A M P L E  TYPE 
A - Auger cuttings. 0 - Bloek sornpl. 
5 - 2" O.D. 1.38" I.D. lube ~arnpl.. .. - . . A  - .-,. . - . , . . - . . . . . . . . -. , - . . , - - - - 



PROJECT McMicken Dam Restorat ion Studv LO@ OF YEST B ~ R ~ N G  NO.& 
JOB NO. 381-138 DATE 1-3.1-82 location Station 397+00, 

c m - 5 5  

V I S U A L  C L A J S I F I C A T I O N  

plasticity, brown 

.~ . . 
CLAYEY SAND, some silt, 
well graded, subangular 
to subrounded, low to ' 
medium plasticity, 

predominantly fine, 

. 

orangish-brown 

-- - Stopped auger at 44'6" 
1. 1, Stopped sampler at 46' 

GRDUHDWATER SAMPLE TYPE 1 B-38 
DEPTH HOUR D A T E  A - ~ u 0 r . r  cuttings. 8 - Block sompls I SERGENT, HAUSKINS & BECKWITH 

I none 1 5 - 2" O.D. 1.38" I.D. lobe somplm. 
., -.. - - " .",, , - , 3 -.,-,.,<--a 



VISUAL CLASSIFICATION. 

gravel, occasionally 
weakly cemented, medi- 
um plasticity, brown 

SILTY CLAY, consider- 
able fine to medium 
sand in lenses, some 
predominantly angular 
to subangular gravel & 
silty clay in lenses, 
occasionally weakly 
cemented, medium plas- 
ticity, light brown 

SILTY SAND, consider - 
able clay, some fine, 
angular to subangular 
gravel & sandy silt 
lenses, predominantly 

CLAYEY SILT, small 
amount of fine sand, 

Stopped auger at 3 9 ' 6 "  
Sampler refused at 

SAMPLE T Y P E  
A - AVO.. culling.. 8 - Block ~ ~ r n ~ l .  
5 - 1" O.D. 1.38'' I.D. lube rornple. 

1 SERGENT, HAUSKINS & BECKWITH 
I ,  . l t  r. L _1 . * I 1  I n I . . L _  __-_I .  ..------. ,,-., -"c,".sm< 



PROJECT McMicken Dam Res to ra t ion  Study LO0 OF TEST BIB)BINO NO.& 
JOBNO. E81-138 DATE 1-12-82 - l o c a t i o n  S t a t i o n  462h50 

RIG T Y P E  cm-55 
- 5  . St. BORING T Y P E  6%" Hollow Stem Auger 

6 S U R F A C E  E L E V .  1359.5 '  
DATUM 1982 A.H.A. Survey 

ReMARKS V I S U A L  C L A S S I F I C A T I O N  

dry t o  
mois t  

f i r m  t o  
hard 

CLAYEY SAND, some s i l t ,  
t r a c e  of g r a v e l ,  w e l l  
graded,  rounded t o  sub- 
a n g u l a r ,  medium p l a s -  
t i c i t y ,  brown 

low t o  medium p l a s t i c -  
i t y ,  l i g h t  brown 

- .. ... . . - -. -- 
CLAYEY SILT, some sand ,  
predominantly f i n e  t o  
medium, subangul.ar t o  
subrounded, low p l a s -  
t i c i t y ,  l i g h t  t a n  

SAMPLE TYPE 
A - A n o =  - .la=i =md. lh; LROENT, HLIJSKINS L BECKWITH 
5 - 2" O.D. 1.38" 1.D. tuba iompl*. 

- 1  . . ,. -,. m - " ...!. 0 ... c .  . ..---- ,,...-., *.,-,.,=--- 



PROJECT McMicken Dam Res tora t ion  Study LOO OF TEST BORING NO.& 
JOB NO. E81-138 DATE 1-13-82 l o c a t i o n  S t a t i ~ n  311+00, 4 of dam 

RIG TYPE - 
BORING T Y P E  6%" Hollow Stem Auger - 

* * = a  L 
SURFACE ELEY.  1257.2 '  

F <... $ 2 :  1 - DATUM 1987 A.H .A .  Survey 
f = = !  
&% 

C C "  

0 u " ~ d  T REMARKS VISUAL CLASSIFICATIOH 

CLAYEY SAND, con- 
s i d e r a b l e  s i l t ,  occa-. 
s i o n a l  f Lne gravel , ,  
predominantly f i n e ,  
subangular ,  low t o  
medium p l a s t i c i t y ,  t a n  

SAND, some s i l t ,  occa- 

.. .. 

CLAYEY SAND, some s i l t ,  

SAND, cons iderab le  
g r a v e l ,  occas iona l  
s i l t ,  w e l l  graded,  
subangular t o  sub-  
rounded, n o n p l a s t i c ,  

SILTY SAND, predomi- 
n a n t l y  fFne ,  subangu- 

SILT, some f i n e  sand ,  
occas iona l  c l a y ,  weak- 

w e l l  graded,  subangular  
t o  subrounded, nonplas-  
t i c ,  l i g h t  brown 

n o t e :  cons iderab le  



2 of 2 

Stopped auger at 4 9 ' 6 "  



SANDY SILT, occasional 
gravel & lense of some 
clay, low plasticity, 

note: some granitic 
gravels are highly 
weathered to decom- 

SILT & CLAY, some 
sand, occasional 
gravel, medium plas- 
ticity, brown 

~ . . . . . .  .~ .~ . . ~ ~ . .  . 
SILTY SAND, occasional 

SANDY SILT, occasional 
gravel, predominantly 

SILTY SAND, occasional 
gravel, well graded, 
subrounded, nonplastic, 

A - Auger cutting,. B - Block sonpla  

5 - 2" O,D, 1.38" I.D. lube sample. ,' ".. n n * '*I4 s n .. L .  





OBNO. E81-138 DATE 1-13-82 

SURFACE ELE 

light tan mottling 

note: some white:'an- 
gular gravel below 8' 

- . . -.. -. .- 

S I L T Y  C L A Y ,  consider- 
able fine sand, occa- 
sional gravel, weakly 
cemented, lot7 to medium 

note: considerable 
well graded, angular 
to subangular sand 

S I L T Y  CLAY,  some very 
fine sand, occasionally 
weakly cemented, low 
'to medium plasticity, 

SAMPLE TYPE 
A - Aupar culling*. 8 - 810ck ~ o r n p l a  

5 - 2" O.D. 1.38" 1.0, tuba sarnolo. 
I SERGENT, HAUSKINS & BECKWITH 

, . . - . . . . . . . . . 



PROJECT McMicken Dam llestoration Study LQO OF TEST BoRsMG M Q . 3 7 _  
JOB NO. E81-138 DATE 1-14-82 location Station 365+00.,. 15' W of toe 

able fine sand, medium 
plasticity, brown 

SANDY SILT & CLAY, 
predominantly fine 

nonplastic, brown with 
lenses of SILTY CLAY, 
some fine sand, medium 

fine to medium, sub- 
rounded, nonplastic, 
orangish-brown 

. .  .. , . .  .... . .. ... . ......, ".. . 0 0 0 SAND, considerable 
gravel, well graded, 
subrounded to subangu- 
lar, nonplastic, brown 
with lenses of CLAYEY 
SAND, some gravel, pre- ~ 
dominantly coarse, sub- 
angular to subrounded, 
medium plasticity, 

CLAYEY SILT, consider- 
able sand, predominant - 
ly fine, well graded, .. 
subrounded, low plas- 

SILTY SAND, occasional 

Stopped auger at 34 '6"  
Stopped sampler at 36' 

A - Auger cuttings. B - Block ~ o m p l .  
5 - 2" 0.D. 1.38" 1.0. tube temple. - 



PROJECT McMicken Dam Restoration Studv LO@ OF VEST BOBllPJG 9 9 Q . L  
JOBNO. E81-138 DATE 1-14-82 location Station 386100, 15' V of toe 

CME-55 

note: light brown 

SAND, some gravel & 
silt, well graded, 
angular to subangular, 
nonplastic, orangish- 

. . . . . . . . . .  I 
I 

I I *. . moist 

I k l . * ~ . k ~ - ~ ~ ~ ~ 1  dense 

............................. 

moist 

dense to 
very dense 

. . .  . -- .................................... -. . . .  .. 

SAND, some gravel, 
occasional silt, pre- 
dominantly fine, sub- 
angular, nonplastic, 
light brown 

SAND, some gravel, 
well graded, subangu- 
lar, nonplastic, light 
brown 

........ ............ .......-....... 

SAND, occasional grav- 
el, predominantly fine, 
subangular, nonplastic, 
light brown .- ...................................... -. ... ......-.. -........ - - ...... ... -. .. - ... 

Stopped auger at 34'6" 
Stopped sampler at 36" 

I 

-- .- - 
- 

- 

GROUNDWATER - SAMPLE TYPE B-47  
DEPTH HOUR D A T E  A - Auget cu*lrnas. 8 - Block sernpla -I- 

5 - 2" O.D. 1.38'' I.D. tuba rampla. -!m I SERGENT. HAUSKINS & BECKWITH 
ngne L 



1 o f  2 
PROJECT McMicken Dam R e s t o r a t i o n  Study LOO OF TEST BQAlhbO NO.& 

.. .- . -- ..,. . .. . . . ... . . - . . . . . . - . . .,. . . , . . .,, .. . . 
SILTY CLAY, occas iona l  
f i n e  t o  medium sand ,  
low p l a s t i c i t y ,  l i g h t  

SILTY, CLAYEY SAYD, 
some g r a v e l ,  predorni- 

i n g s ,  occas iona l  
g r a v e l ,  w e l l  graded,  
subangular  t o  sub- 
rounded, n o n p l a s t i c  

SAND, some s i l t ,  p r e -  
dominantly f i n e ,  sub-  

SAND, occas iona l  s i l t ,  
w e l l  g r aded ,  predomi- 
n a n t l y  f i n e  t o  medium, 
subangu la r ,  nonp . las t ic ,  

SILTY SAND, occas iona l  
g r a v e l ,  w e l l  graded,  
subangular  ,. weakly ce -  
mented, nonplas t i c  t o  
low ~ l a s t i c i t y ,  l i g h t  

CLAYEY SILT, some ve ry  
f i n e  s a n d ,  weakly t o  
moderate ly  cemented, 
low p l a s t i c i t y ,  l i g h t  

SAMPLETYPE 
A - A ~ g o r  cutting,. B - BIOCL sample I SERGENT, HAUSKINS & BECKWITH 
S - 2" O.D. 1 . 3 8 "  I.D. tubs somplm. -m, 



2 o f  2 

f i n e ,  w e l l  graded,  sub- 
angu la r ,  n o n p l a s t i c ,  
l i g h t  brown a t  3 4 ' 6 " ' .  

I l l  I I I I 
GROUNDWATER SAMPLETYPE B-49 

D E P T H  I HOUR D A T E  

I 
A - sutt inps. B - Block spmbl. 

I SERGEHT. HAUSKINS b BECKWITH 
5 - 2" 0.0. 1.38" I.D. rube sample. -, 



PROJECT McMicken Dam Restoration Study LOO OF TLST B O R l W O  NO. 40 

cementation, low to 
medium plasticity, tan 

SILTY SAND, some grav- 

gravel, some clay 
coatings, well graded, 
subrounded to subangu- 

SAND, occasional .silt 
& gravel, predominantly 
fine, some well graded 
lenses, subangular, 
nonplastic , light brown 

Stopped auger at 39'6" 
Stopped sampler at 41' 

D E P T H  HOUR A - Auger cullonp.. 0 - B1o.L aampl. Im SERGENT. HAUSKINS & BECKWITH 
I none I 5 - 2" O.D. 1.38'' I.D. Ivbm .ornpl.. , . , I - 8  . .. . 



LOO OF TEST BORING NO. 41 

CLAYEY SAND, consider- 
able to occasional 
gravel, well graded, 
subangular, medium 
plasticity, brown 

SANDY S I L T ,  predomi- 
nantly fine, subangu- 
lar, low plasticity, 

S I L T ,  occasional fine 
sand, medium plastic- 
ity, light brown mot- 
tled with light tan 

SAND, some gravel & 
silt, predominantly 
fine, occasionally 
well graded, nonplas- 
tic, light brobm 

SILTY SAND, some grav- 
el, predominantly fine, 

. subangular, low plas - 
ticity, light brown 

-.--,.-- .--... ~ .,.. , ..~,.,".. 

SERGENT, HAUSKINS & BECKWITH 



SAND, cons ide rab le  
c l a y ,  some l e n s e s  of 
predominantly f i n e  
c layey  sand ,  occas iona l  
g r a v e l ,  w e l l  g raded ,  
subangu la r ,  n o n p l a s t i c  
t o  low p l a s t i c i t y ,  

SILTY CLAY, o c c a s i o n a l  
sand ,  predominantly 

SAND & GRAVEL, occa- 
s i o n a l  s i l t ,  w e l l  

g r a v e l ,  predominantlp 



grayish-brown 

note: occasional 
reddish-brown clay 

Stopped auger at 59'6" 
Stopped sampler at 61' 



1 of 2 

BORING TYPE 

n o t e :  l i g h t  t a n  below 

s l i g h t l y  
mois t  

medium 
dense t o  
dense t o  
ve ry  dense 

SAND, some s i l t ,  occa-  
s i o n a l  g r a v e l ,  predomi- 
n a n t l y  f i n e ,  some w e l l  
graded,  n o n p l a s t i c ,  
l i g h t  brown 

n o t e :  moderate ly  ce- 
mented below 23%'  

n o t e :  some g rave l  
below 3 0 '  

n o t e :  moderate ly  t o  
weakly cemented, t a n  
below 35.12' 

--" ". ..... ~ . ,~  ". .. 

SM 
50 

GROUND WATER SAMPLE TYPE I B-54 
DEPTH I HOUR I PATE A - A u ~ a r  culling.. B - Block .ampl. 

I none 1 1 SERGENT, HAUSKINS & BECKWITH 
5 - 2 ' '  0.0. 1.38" I.D. tub.  sampla. -m, 



VISUAL CLASSIFICATION 

Stopped a u g e r  a t  4 9 '  6" 
S topped sample r  st 5 1 '  

i 



PROJECT McMicken Dam Restoration Studv LO6 Or TEST BORING NO.& 
JOB NO. Eel-138 DATE 1-18-82 location ~tation127t00, of dam 

CME-55 

low to medium plastic- 

SILT, some fine to 
medium sand, some weak 
cementation, low plas- 

L. - . - .. - .- ticity, Light brown 
~ 

of subangular to sub- 

SAND, considerable 
silt,. predominantly 

Stopped auger at 29'6" 
Sampler refused at 

SAMPLE TYPE 



PROJECT McMicken Dam Res to ra t i on  Studv 

6%" Hollow Stem A u ~ e r  
1358 .0 '  

VISUAL CLASSlFlCATlOH 

SANDY SILT, t r a c e  o  
g r a v e l  & c l a y ,  low t o  
medium p l a s t i c i t y ,  

SANDY CLAY, cons ide r -  
a b l e  s i l t ,  some weak 
cementa t ion ,  medium 
p l a s t i c i t y ,  l i g h t  browti 

CLAYEY SAND, t r a c e  of  

p l a s t i c ,  l i g h t  brown 

n o t e  : cons ide rab l e  
angu la r  w h i t e  g r a v e l  
below 34 '  

SAMPLE TYPE 
A - A"g.< surtinps. 0 - stock sample I- I sERGEyT, tiAusKlNs L BEcKwlTH 
S - 2 ' '  O.D. 1.38" 1.0. tuba .ampi.. -m 



SANDY SILT, t r a c e  o f  
g r a v e l ,  predominant ly  
f i n e ,  medium p l a s t i c -  

SILTY CLAY, t r a c e  of 
weak t o  moderate c e -  
men ta t ion ,  medium p l a s -  
t i c i t y . ,  brown 

SANDY CLAY, t r a c e  o f  
cemented nodules & 
g r a v e l ,  predominant ly  

SAND, some rounded 
g r a v e l ,  t r a c e  of c l a y ,  

I 

~ 



PROJECT McMicken Dam Restoration Study 

.. -- .. . . . -. - . . .. .. 

sand & weakly to moder- 
ately cemented nodules, 
medium plasticity, 

SANDY GRAVEL, some 
silt, well graded, 
subangular to sub- 
rounded, nonplastic, 

I SERGENT, HAUSKINS & BECKWITH 



PROJECT McMicken Dam Restoration Study 

BORING TYPE 6%" Hollow Stem Auger 

-- .... -. ,-. 

ILTY CLAY, some sand, 
race of angular grav- 
1, trace of weak ce- 
entation, medium 
lasticity, brown . ............. 

LAYEY SAND, some silt, 
race of gravel, pre- 
ominantly fine, non- 
lastic to low plastic- I 
.. .................................... ... ...... .................................... 
AND, some clay & grav- 
1, well graded, low 
lasticity, light gray- 

.... -.-.- -...*.., ..---- --.*.-..--,--n-.--. ---." ....... 

I..-..! GROUNDWATER SAMPLETYPE I 
B-60 

DEPTH HOUR D A T E  

I none I A - Auger cut l~ogs.  B - Block sample 
5 - 2" 0.0. 1.38.. 1.0. tub. s.~PI.. 

SERGENT, HAUSKINS & BECKWLTH 



PROJECT McMicken Dam Res to ra t ion  Studv 

SILTY SAND, cons ider -  ' 

a b l e  c l a y ,  predomi- 

i t y ,  l i g h t  gray 

n o t e :  t r a c e  of g r a v e l  

Stopped auger a t  2 9 ' 6 "  
Stopped sampler a t  31 '  

A - A u ~ a r  cul t ingr .  0 - Block sample 



PROJECT McMicken Dam Restoration Study LQQ OC TEST BORING NO. 50 
JOBNO. E81-138 DATE 1-19-82 location Station 260+00, B of darn- 

mentation, medium 
plasticity, brown 

CLAYEY S A N D ,  trace of 
gravel, predominantly 
fine to medium, medi- 
um plasticity, brown 

CLAY,  some sand & silt, 
predominantly fine to 
medium, medium plastic- 

S A N D ,  some silt, trace 
of gravel, well graded, 
nonplastic, brown 

Stopped auger at 34'6" 
Stopped sampler at 3 6 '  

SAMPLE TYPE 
A - A u p w  ~ u t t i n g * .  B - B l ~ c k  i ~ r n p l a  
5 - 2" O.D. 1.38" 1.D. luba sornple. - SERGENT, HAUSKINS & BECKWITH 



PROJECT McMiclcen Dam Restoration Study 

ticity, brown 

SANDY CLAY, consider - 
able silt, trace of 
weak cementation, 
medium plasticity, 

SAND, considerable 
silt, trace of sub- 
rounded gravel, well' 
graded with some pre- 

CLAYEY SAND, predomi- 
nantly fine, some weak 
cementation, nonplas- 

SAND, predominantly 

SAMPLETYPE 
A - Augsr cuttings. 0 - Block sample 
5 - 2" 0.0. 1.38" I.D. tuba sompls. - .  



2 o f  2 
PROJECT McMicken Dam Restoration Studv LOO 9 1  1851 BQDlllrlO NO. 51 

Stopped auger at 49'6" 
Stopped sampler at 51' 

SAMPLE T Y P E  
A - Augol cutt inas.  B - Block sample 
5 - 2" 0.D. 1.38" I.D. lube  .ompla. - 



SAND, cons ide rab le  
silt, predominantly 

SAMPLE TYPE 
A A i n .  0 - Black sample 

lm 
SERGENT, HAUSKINS & BECKWITH 

5 - 2''  O.D. 1.38'' I.D. lube sample. - 2  - 



brown to light brown 

note: small amount of 
subangular gravel below 

note: some gravel 

~ . . .. 

SILTY SAND, some clay 
& subangular gravel, 
predominantly fine to 
medium, occasionally 
weakly cemented, low 
plasticity to nonplas- 
tic, tan to light brown 

--..---.- 

note: some predoni- 
nantly angular to sub- 

SAMPLE TYPE 
A - Aupsr cuttinps. 8 - Black sample 
5 - 1" O.D. 1.38" I.D. lube .arnpta. - 



-- 

-.,-A- .- - --- .- 

S t o p p e d  auger a t  4 9 ' 6 "  
S t o p p e d  s a m p l e r  a t  5 1 '  

A - Auger cvfl inps. B - Block sornpla 



7. of 2 
PROJECT McMicken Dam Restoration Study LO@ OF BEST BORING NO.-% 

location Station 437$50, h of oid dike 

VISUAL CLASSIFICATION 

SANDY CLAY, consider - 
able silt, some sub- 
angular to subrounded 

SILTY SAND & GRAVEL, 
some clay, predomi- 
nantly fine to medium 
sand, predominantly 

ity, light brown 
" " .- ,.. 

plasticity to nonplas- 
tic, light brown 

SILT, some clay & fine 
sand, moderately ce- 
mented, medium plas - 
ticity ,-light .,-.-." ,... brown -.~~-.*.-.-,..-... 

S A M P L E T Y P E  
A - bug" cutlingr.  0 - Block sompls 
5 - 1" O.D. 1.38" I.D. l v b ~  somole. - 





.- .~ 

PROJECT McMicken Dam Res to ra t ion  Studv or TEST BORINQ NO. 55 
JOBNO. E81-138 DATE 1-20-82 l o c a t i o n  S t a t i o n  4 5 5 t 0 0 ,  t of o l d  d ike  

CLAYEY SAND, cons ide r -  
a b l e  s i l t ,  some f i n e ,  
angu la r  t o  subangular  

CLAYEY SILT, some f i n e  
sand ,  low t o  rnediunl 
p l a s t i c i t y ,  brown 

n o n p l a s t i c ,  l i g h t  brown 

SILT, some c l a y ,  t r a c e  
of sand ,  low p l a s t i c -  

SAMPLE TYPE 

. . . . 



PROJECT McMicken Dam Restoration Study - LQO QF TEST BORING- NO, 5 5  

BORING TYPE 
SURFACE ELEV.  

~.,, 

SAMPLE TYPE 
A - *user ~ut t ing. .  B - Block *ompla 
S - 2" 0.0. 1.38" 1.0. Iv? sompl.. - . . - . . - - . , . . . . - 



1 of 2  
PROJECT McMi- LOG OF TEST BORING M B . 5 6  
JOB NO. E81-138 DATE 1-20-82 - l o c a t i o n  S t a t i o n  472+00, 6 o a e  

. i R I G  T Y P E  C W - 5 5  A 

1 : E F  BORING T Y P E  6%" Hollow Stem Auger - f + i  *- - 0 

. C .  
S - C'fb . .  f i  U "  

" 
S U R F A C E  ELEV.  1351.5 '  

a , ? "  
.E s E h  2 I- gn, = .  ? D A T U M  1982 A.H.A.  Survey 
= .: ; ,? s r .;? g g  8 3 

L. 
* 

"; ; g ;  !,Y fa .- a : E ;  c 2 : unr* 9f  a 4 e.2 0 2  = u  
REMARKS VISUAL CLASSIFICATION 

SANDY S I L T ,  cons ide r  - 
a b l e  c l a y ,  predomi- 
n a n t l y  f i n e ,  low p l a s -  
t i c i t y ,  brown 

"." - .....,,,,%---.- -- 
SILTY CLAY, some t o  
c o n s i d e r a b l e  sand ,  
predominant ly  f i n e ,  
low t o  medium p l a s -  
t i c i t y ,  l i g h t  brown 

n o t e :  c o n s i d e r a b l e  
g r a v e l ,  o c c a s i o n a l l y  
weakly cemented below 
24' 

CLAYEY SAND, predomi- 
n a n t l y  w e l l  g raded ,  
some weak cementa t ion ,  
medium p l a s t i c i t y ,  
l i g h t  brown -'* - .... -. -....-..--_ ,. _ * _ '_... I . _ ...,.....- . 

S I L T ,  some sand & c l a y ,  
low p l a s t i c i t y ,  l i g h t  
brown 

-----.--- - .--- 

50 
- - *. I I I I. I I I 

G R O U N D W A T E R  S A M P L E  T Y P E  I B-72 
1 DEPTH HOUR I DATE 

I none I 
A - Auger sv l l lnos .  8 - Block a v r n p h  I SERGENT, HAUSKINS & BECKWITH 
s - 2" 0.D. 1.38.' 1.D. tubm ~ompl.. -m 



VISUAL CLASSIFICATION 

-- ,. * ~.~~ .. ~ -X-___._.- "__.."X.. ..<,. L-;?;&=..<,,:.__-Li 

t opped  auger a t  4 9 ' 6 "  
S topped  sample r  a t  51' 

SERGENT, HAUSKINS & BECKWITH 



PROJECT McMicken Ram R e s t o a i o n  Study LOB Of TEST BOPIN@ MIO.57_ 
JOB NO, E81-138 DATE 1-21-82 - l o c a t i o n  - s t a t i o n  1724-00, 4 of dam 

I i R I G  T Y P E  c m - 5 5  
. i t  B O R I N G  T Y P E  6%" Hollow Stem Auger .. 

m - SURFACE E L E V .  1358.0 '  
1982 A.H.A. Survey 

r - -  

nD I'ldd Bf REMARKS VISUAL CLASSIFICATION 
I I - I 

SANDY SILT, t r a c e  of  
g r a v e l ,  predominant ly  i 

- 
5 mois t  

f i n e ,  low p l a s t i c i t y ,  
l i g h t  brown 

.--..--.-------..,-.-.~-...--.....u-.. *." 

CLAYEY SAND, predomi- 
n a n t l y  f i n e ,  weakly 
cemented, low p l a s t i c -  
i t y ,  brown 

n o t e :  some angula r  
g r a v e l  below 1 5 '  

SANDY CLAY, some s i l t ,  
medium p l a s t i c i t y ,  
brorm 

SILT, some c l a y ,  t r a c e  
of sand,  low p l a s t i c -  
i t y ,  l i g h t  brown t o  
brown 

GRAVELLY SAND, some 
s i l t ,  predominantly 
f i n e  t o  medium, angu- 
l a r  g r a v e l ,  n o n p l a s t i c  
t o  low p l a s t i c i t y ,  
l i g h t  brown 

SILTY SAND, predomi- 
n a n t l y  f i n e ,  low p l a s -  
t i c i t y ,  l i g h t  brown 

SILT, t r a c e  of sand ,  
low p l a s t i c i t y ,  l i g h t  

SAMPLE TYPE I -- - 
DEPTH HOUR D A T E  A - Auger cutlongs. 0 - Block sompl. '- I SERGENT, HAUSKINS & BECKWITH I none 1 s - 2" 0.0. 1.38" 1.0, tvbs sompla. -m 



SURFACE ELE 

gravel, predominantly 

note: gravel & cobbles 
cover much of dam 

note: occasional lense 

SILTY, SANDY CLAY, 
some gravel, 8" lense 
of clayey sand, medium 
plasticity, brown 

SAND, considerable 
silt, trace of gravel, 

SAND, considerable 
gravel, some silt, 
well g-raded , nonplas - 
tic, light brown 

Stopped auger at 34'6" 
Sampler refused at 



p ~ o j ~ c ~ M c M i c l c e n  Dam Res to ra t ion  Studp LOO at TEST lS@RIN@ NO. 59 
JOBNO. E81-138 DATE 1-18-82 l o c a t i o n  S t a t i o n  87i-00. 4 of dam 

CME-55 

VISUAL CLASSIFICATION 

craded ,  l o w  t o  medium 
p l a s t i c i t y ,  l i g h t  brown 

n o t e :  t r a c e  of g r a v e l ,  
weak cementation below 

. .,. ., .. . . . . , . . . . . 

SILTY GRAVEL & SAND, 
wel l  g raded ,  subround- 
ed t o  angu la r ,  nonplas-  
t i c ,  l i g h t  brown 

Stopped auger a t  2 9 ' 6 "  
Sampler r e f u s e d  a t  

I SERGENT, HAUSKINS & BEC 



PROJECT McMicken Dam Restoration S tudv LQO 0 s  TEST BaEBWQ NO.& 
JOB NO. ~81-138 DATE 1-18-82 location ~tation.107+0(1, @ of dam 

note: occasional 
silty sand lenses be- 

note: considerable 
gravel & cobbles be- 

SAND, some subrounded 
gravel, trace of silt, 

SILTY SAND, predomi- 
nant ly fine , nonp las - 
tic, light brown 

I SERGENT, HAUSKINS 4 BE 



PROJECT McMicken Dam Res to ra t ion  Study 600 OF TDIT  bORlbdO MO.& 
JOB NO. E81-138 DATE 1-22-82 . l o c a t i o n  - S t a t i o n  3 4 7 + 0 0 , 1 0 '  E of t o e  

R I G  TYPE- 

VISUAL CLASSIFICATION 

- -. . .. ............... 

SILTY CLAY, t r a c e  of 
s and ,  some weak cemen- 
t a t i o n ,  medium p l a s t i c -  
i t y ,  l i g h t  brown 

...,-.,,.- ..................... ...................... 
SAND, some c l a y  & s i l t ,  
some l e n s e s  of consid-  
e r a b l e  g r a v e l ,  predomi- 
n a n t l y  w e l l  graded,  
w i t h  some l e n s e s  p re -  
dominantly f i n e ;  non- 
p l a s t i c ,  reddish-brown 

SAMPLE T Y P E  
A - Auger cvllings. B - Block .ampla 
S - 2" O.D. 1.38" I.D. tubs .ample. -mi SERGENT. HAUSKlNS 6 BECKWITH 



PROJECT McMicken Dam R e s t o r a t i o n  S tudy  ~ 0 6  QF TEST @ ~ R I N @  ~@.62. 
JOB NO. E81-138 DATE 1-22-82 l o c a t i o n  S t a t i o n  376+00,. la' E of t o e  

CME-55 

SANDY CLAY, c o n s i d e r -  
a b l e  s i l t ,  t r a c e  o f  
f i n e  g r a v e l ,  medium 
p l a s t i c i t y ,  brown 

SAND, t r a c e  o f  s i l t ,  
p r e d o m i n a n t l y  f i n e ,  
n o n p l a s t i c ,  l i g h t  

SAND, some s i l t ,  t r a c e  
o f  c l a y  & s u b a n g u l a r  
g r a v e l ,  w e l l  g r a d e d ,  
n o n p l a s t i c ,  l i g h t  brown 

S topped  a u g e r  a t  2 4 '  6" 
Stopped sampler  a t  2 6 '  

A - *"gar ruttinpr. B - 8lo.k sornp~. 1 SERGENT, HAUSKINS & BE 
5 - 2" O.D. 1.38" 1.0. tuba ranvl.. - 



PROJECT McMicken Dam Res tora t ion  Study LOO OF TEST BORING NO. 63 
JOB NO. E81-138 DATE 1-22-82 - l o c a t i o n  -- Sta t ion .  355+00., 10' W of t oe  

SANDY CLAY, some s i l c ,  
weakly cemented, m e -  
dium p l a s t i c i t y ,  brown 

n o n p l a s t i c ,  l i g h t  g ray  

S I L T ,  some c l a y ,  low 
p l a s t i c i t y ,  l i g h t  brown 

SILTY SAND, t r a c e  of  
g r a v e l ,  predominantly 
f i n e ,  w e l l  graded,  non- 
p l a s t i c ,  l i g h t  brown 

Stopped auger  a c  2 4 ' 6 "  
Stopped sampler a t  2 6 '  

A - Auger cuttings. 8 - 0lo.k r ~ m p l m  I SERGENT, HAUSKINS b BE 
S - 1" O.D. I .JB0'  I.D. t u b s  s.rnol.. - 



GRAVELLY SAND, well 

Auger refused at 8' 

A - A u w r  suvl<ngs. B - Block sqrnpl. 
5 - 2" O.D. 1.38'' I.D. lube sarn~l - .  - 



p l a s t i c i t y ,  brovjn 

SAND, occas iona l  c l a y  
& g r a v e l ,  w e l l  graded,  
some l e n s e s  predomi- 
n a n t l y  f i n e ,  occas iona l  

Stopped auger a t  34 ' 6 "  
Stopped sampler a t  36 '  

SAMPLETYPE 
A - ~ u g s r  cutling,. B - Block ~ e n p l a  SERGENT. HAUSKINS & BECKWITH 
5 - 2" 0.0. 1.38" 1.0. rub- iompls. - 



.. . ~ .  .. . . .  ~... . ... 

"Station 15i-00, down- 

I I I I  I I 1 I J 
GROUNDWATER SAMPLE TYPE B-83  

DEPTH HOUR DATE 

- I none J 



BORING T Y P E  

VISUAL CLASSIFICATION 

CLAY, c o n s i d e r a b l e  
s and ,  o c c a s i o n a l  s i l t ,  
t r a c e  of  g r a v e l ,  some 
moderate cementa t ion ,  
mediilm p l a s t i c i t y ,  

CLAYEY SAND, t r a c e  o  
g r a v e l ,  predominant1 
f i n e ,  some weak cemen- 
t a t i o n ,  low t o  medium 
p l a s t i c i t y ,  l i g h t  

SILT, c o n s i d e r a b l e  
c l a y ,  some sand ,  some 

SAND, t r a c e  of sub-  
rounded g r a v e l ,  p r e -  
dominantly f i n e  w i t h  
occas iona l  l e n s e  w e l l  

G R O U N D W A T E R  SAMPLE TYPE 1 13-84 
A - C U I I I ~ ~ S .  a - ~ I D C L  .ampla 1 SERGENT, HAUSKINS & BECKWITH 
5 . . - 2" . . . 0.0. - . 1.38" . . . . . 1.0. . . lube . .amp!-. -m, - "..a,,,-," ------. "",-.a -""m"-.-. 



2 of 2 
PROJECT McMicken Dam Restoration Study LOQ OF P I S T  I O R l N O  N 0 . A  
JOB NO. E81-138 DATE 1-25-82 location station. 502+0.0, t of. d m  

R I G  TYPE- CME-55 

SAND, some gravel, well. 
graded, subrounded to 
rounded nonplastic, 

k .. .. ..- -. .- 

stopped auger at 49'6" 



PROJECT NcMicken Dam Restoration Study 

SAND, some silt, trace 
of subrounded gravel, 

medium dense well graded, occasional 
lense predominantly 

-.-----" ---.-'..---w-. me.--. 

Stopped auger at 49'6" 



~ ~ O ~ ~ C T M c M i c k e n ~ & t o r a t i o n d p  LOO Of TEST BQBtlNB NO. 6 9  
JOB NO. E81-138 DATE 1-25-82 l o c a t i o n  s t a t i o n  487+50, % of.  dam 

. . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

- 
25- 1 1 1  s l i g h t l y  _ _ I l l  moist  

- 1 1 1  hard 
.......... " 

s l i g h t l y  
3 0 moist  

hard t o  
very  f i r m  

3 5 

40 

SILT, cons ide rab le  
c l a y ,  low p l a s t i c i t y ,  
1 i g h t  brown 

SILTY SAND, consider  - 
a b l e  c l a y ,  predomi-. 
n a n t l y  f i n e ,  low 
p l a s t i c i t y ,  l i g h t  
brown 

Stopped auger  a t  44 '6"  
Sampler r e f u s e d  a t  

44'7" 

l-.l GROUNO WATER SAMPLE T Y P E  I B-87 
DEPTH HOUR DATE 

... 1 n o n ~ l  
A - ~ u 0 . r  cytting.. B - BIOCL sornp~e I SERGENT, HAUSKINS & BECKWmH 
5 - 2" . 0.0 . 1.38:: I.D. tub .ornp!e. -m, 

.Sum ..n-.FYll.-.I ~UIIIUI~IIII 



VISUAL CLASSIFICATION 

SILTY CLAY & CLAYEY 
SILT,  some s a n d ,  me-  
dium p l a s t i c i t y ,  l i g h t  

S topped  a u g e r  a t  2 4 '  6" 
S t o p p e d  s a m p l e r  a t  2 6 '  

" S t a t i o n  27+50, down- 



PROJECT McMFcken Dam R e s t o r b  Studv LOO OF TEST BOBlMG n % Q . _ Z 1 ,  
JOB NO. E81-138  DATE^^-82 .location, "See Below 

brown to light, brown 

SAND, trace of clay & 
silt, predominantly 
fine, nonplastic , 
reddish-brown 

SAND, trace of silt & 
clay, wellgraded, non- 
plastic, reddish-brown 

fine, nonplastic, 
reddish-brown 

Stopped auger at 34'6" 
Stopped sampler at 36' 

;?Station 40+00, down- 
stream outlet channel 

SAMPLE TYPE 
A - A o v r  cuninp.. B - ~ I o c k  sarnp~. I SERGENT, HAUSKINS 8 BECKWITH 
I - 2" O.D. 1.38" I.D. tuba sompls. .. -.. .. - " .",. , - * ~ ~ Y S Y L T I U O  nrorcCuNICAL C N O I Y r T l b  



PROJECT- McMicken Dam Restoration Study a 0 8  OF TEST 8ORlWIQ NO. 72 
JOB NO. E81-138 DATE 1-26-82 location "See .Belgw 

c m - 5 5  

SILTY CLAY, some sand, 
weak cementation, medi- 
um plasticity, brown 

note: uncemented below 

ND;' trace of clay & .  
gravel, well graded, 
nonpla.stic, light brovm 

SILTY SAND, some cl..ay, 
trace of gravel, pre- 

Stopped auger at 2 4 ' 6 "  
Stopped sampler a t  2 6 '  

"Station 52+50, down- 
stream outlet channel 



note: moderately ce- 
mented below 9' 

SAND, trace of gravel, 
well graded, some weak 
cementation, nonplas- 
tic, light brown 

CLAY, some silt, medi- 
um to high plasticity, 

SAND, some clay, trace 
of gravel, well graded, 

Auger refused at 30' 

*Station 65l-00, down- 
-stream outlet channel 

I SERGENT. HAUSKlNS & BECKWITH 
+"" .,,, ?."" nrn..-r"Ylr.l i* "lY...rn 



PROJECT McMicken Dam Res to ra t ion  Study 

p l a s t i c i t y ,  l i g h t  

CLAYEY SILT & SILTY 
CLAY, some sand,  t r a c e  
of g r a v e l ,  some weak 
cementat ion,  m e d i u m  
p l a s t i c i t y ,  l i g h t  brown 

SAND, t r a c e  of s i l t  & 
g r a v e l ,  w e l l  g raded ,  
n o n p l a s t i c ,  brown 

n o t e :  cons ide rab le  
g rave l  below 3 4 '  --. -*-, -- 

I 

A - A u w r  eutling.. B - Btock #ample 
5 - 2" 0.0. 1.38" I.D. tube ~ompl.. 

I SERGENT. HAUSKINS & BECKWITH 
none 

,, - .a  - - A m * S  + - . L CONWYLI IYO O I O I T C H N I C I C  a Y a I U 6 L T S  

v- 

- 
- 

GRDUND WKTER S A M P L E  TYPE B-92  

- 
-- 7?3,000' North o f  South 

End of Levee,  .:on..CreSt 
of Levee - 



PROJECT McMicken Dam Restora.tion Studv LQO OF ?EST B 8 R 1 W Q  NO. 75 
JOB NO.  E81-138 DATE 1-26-82  'location station 408+50,  h of dan 

CME-55 
6%" Hollow Stem A u ~ e r  

CLAYEY SAND, trace of 
gravel, predominantly 
fine, low to medium 
plasticity, brown 

note: considerable 

LTY CLAY, trace of 
sand, medium plastic- 

SAND & GRAVEL, con- 
siderable clay, well 
graded, subrounded, 
nonplastic, reddish- 
brown to tan 

----.*-..-..----"-..-..- 

Stopped auger at 39'6" 
Stopped sampler at 41' 

u GROUNDWATER SAMPLE TYPE I B-93 
A - Augar cutting,. B - Block sornpl. I SERGENT, HAUSKINS & BECKWITH 

none s - 2" O.D. 1.38" I.D. tuba *ornola. 
8 ,  3 0 -  n - 4 - 1 0  1 - ..,L, . _ _ _ I  SOR.IULTIUO OIOI~CUNICIL C U O I R T r n S  



PROJECT --AMIs.ken Dam KeSora t :  ion Study- '00 OF TEST PIT NO. TP-15 
JOB NO. . . J 8 1 - L 3 8  DATE 2-10-82 -A- 

Case. 580C B o c k h o e  Type ~ 

Location_.--~. "See Below 
Elevation- 1342.0 '  

U.S.G.S. Topo .. . Map 

VISUAL CLASSIFICATION 

SILT, some sand & g r a v e l ,  weakly t o  
moderately cemented, low p l a s t i c i t y ,  
l i o h t  reddish-brown 

-.-La-- -.----.--*--.- ,-.>-" --u.-+.. ". 
SILT, t r a c e  of sand & g r a v e l ,  moder- 
a t e l y  cemented, low p l a s t i c i t y ,  t a n  
w i t h  some l i g h t  t a n  m o t t l i n g  

SILTY SAND, cons iderab le  g r a v e l ,  p r e -  
dominantly f i n e  t o  medium, subrounded 
t o  subangula r ,  moderately cemented, 

Stopped backhoe a t  7 '  

LOG OF TEST PIT NO.- TP-16 
2-10-83_ 

Backhoe Type Case 5 8 - 0 C  ___..__- 
*See Below 

Elevation- -- 1342 .0 '  
U-25. G .  S . Topo Map 

VISUAL CLASSlFlCAllON -.-:I7 
SILT, occas iona l  sand & g r a v e l ,  low 
p l a s t i c i t y ,  t a n  

~ a.... ... ". 

ona l  sand & g r a v e l ,  weak- 
, low p l a s t i c i t y ,  blocky 

r u c t u r e ,  reddish-brown wi th  whi te  

--..,-- ".,,-.-.--... 
ND & GRAVEL, t r a c e  of cobb le s ,  w e l l  

raded subangular t o  subrounded, 
t i c ,  l i g h t  grayish-brown 

" ---.,--..- >---...- ".-,-,ab.. Cj;_.."." " -. 

Stopped backhoe a t  8 '  

00, 900' upst ream of 4 -- _1 
B-94 

SAMPLE TYPE 
B - Undisturbed Block Sample 

1 
n - n;.#.,,h.A a,,lL <.--I- 

lml SERGENT. HAUSKINS & BECKWITH 



PROJECT 

JOB NO. 

McMicken Dam Restoration Study 
E81-138 -. DATE - 2 - 1 0 . 7 L  

.- - 

GROUND WATER 
: $ 
# > DEYlH - L 

: Sn c - 
% u'6 .- rn 
+ ;Y 'Z 

B .- 3 3 $ 5  , .? 
i u 

uc 
.. f f 

3u REMARKS 

TP-17 LOG OF TEST PIT NO.-- 

Case 580C Backhoe Type 
. . 

Locallon ~~ J'S~LB~~I~OW _ 
Elevation 1333.0' 

Datum - U.S.G.S. Topo M a e  ... .- 
VISUAL CLASSIFICA~~ON I 

SILT, some sand & gravel, weakly to 

dish-brown 

Stopped backhoe at 7'3" 

';Station 455+22, 420' downstream of 4 

LOG OF TEST PIT NO. TP-18 p. 

, E 2- - 10-82 
Backhoe Type Case 580C 

Location-~ "See Beloyr- 
Elevation-- 1332.0' 

U.S.G.S. Topo Map 

VISUAL CLASSiFlCATlON 

plasticity, light brovm 
----I SILT, trace of sand & gravel, low' 

- .. "-"~,," .---....--.*" .... 

SILT, occasional sand, trace of grav- 
molst to el, moderately cemented, low plastic- 

ity, blocky structure, light brown 1 with light tan mottling 

. + --*-.-.-.,-.- - 
SAND & GRAVEL, occasional silt, well 
graded, subrounded to subangular, 

nplastic, light 

Stopped backhoe at 10' 

474+00, 360' downstream of Q. -- 
B - 9 5  

SAMPLE TYPE I 
B - Undisturbed Black Sample 
D - Disturbed Bulk Sample 

I SERGENT, HAUSKINS & BECKWITH 
- 1  . *.... , ,. .... .n., ....... .... T... ... ,. ., ., 



PROJECT McMicken Dam Restoration Study LQG OF TEST PIT NO. TP-19 
JOB NO. _.81=138_ DATE 2-10-82_ 

... B a c k h o e  T y p e  Case 580C 
GROUND WATC-R 

~oca~ion-.-  "S~~.&~OW 
1333: 0 '  

D a t u m  U.S.G.S. Top0 Map 
VISUAL CLASSIFICATION 

of sand & gravel, low 
................................................ 

SILT, considerable sand & gravel, 
predominantly well graded, Subrounded 

eakly cemented, low 
icity, blocky struc- 
light tan mottling .. --- 

SAND & GRAVEL, some clay, well 
graded, rounded to subangular, 
aeakly cemented, nonplast ic, red- 
dish-brown ................................. ., .......................... .............. ................................... .................. . ..,~ .. . .......... -.- 

Stopped backhoe at 5' 

LOG OF TEST PIT NO. 

"Station 433+20, 350' downs~ream of 4 

TP-20 

B a c k h o e  Type Case 580C 
"See Below 

E l e v a t i o n -  1331.0' 
D a t u m  U.S.G.S. Top0 Map 

VISUAL CLAFSlFlCATlON 

1 sand & gravel, low -----7 ................. 

SILT, occasional sand & gravel, weak- 
ly to moderately cemented, low plas- 
ticity, blocky structure, tan with 
occasional light tan mottling 

note: considerable lenses of SAND 
& GRAVEL, trace of clay, well graded, 

.............................................. nonplastic, reddish-brown 
.... - ............ _ ..." 2 

Stopped backhoe at 8' 

- 390f72, 460' downstream of 4. 
B-96 

SAMPLE TYPE 
B - Undisturbed Block Sample 

I 
SERGENT, HAUSKINS & BECKWITH 

D - Disturbed B u l k  Sample .,,, ..,. ,,,,.,..,,.., ............. ........... 



PROJECT - .  McMicken ~ Dam R e s t o r a t i a t ~ &  LOG OF TEST PIT NO.. TP-21 ______ 
JOB NO. EL1-138_._ DATE 2- 10-82 . 

Backhoe Type Case .- 58 OC 

Location ~~ 7'cSee&low . 

Elevation 1336 .  0!  
U .S .G.S .  Topo M a  -- 

VISUAL CLASSIFICATION 

, t r a c e  o f  sand & g r a v e l ,  low 
p l a s t i c i t y ,  t a n  

n o t e :  weakly t o  m o d e r a t e l y  cemented 

SILT, c o n s i d e r a b l e  g r a v e l ,  some s a n d ,  
w e l l  g raded ,  subrounded,  weakly t o  
modera te ly  cemented,  low p l a s t i c i t y ,  

Stopped backhoe a t  7 '  

, 150 '  downstream o f  & __-I 

TP-22 LOG OF TEST PIT NO. -- 
2-11-82 

Backhoe T y p e - . _ . L . 5 8 O c  
'<See Below - 

1 3_4LL0L.-.--__ 
U.S.G.S.  -To~,o Map 

VISUAL CLASSIIICATION 
. 

CLAYEY SILT, t r a c e  of  s a n d  & g r a v e l ,  
low t o  medium p l a s t i c i t y ,  t a n  

n o t e :  weakly cemented & some tan  

--- ... -. .. . 
SAND & GRAVEL, c o n s i d e r a b l e  s i l t ,  

d t o  subangu- 
ow p l a s t i c i t y ,  

*... - 

Stopped backhoe a t  7 '  

n  297+42, 310 '  downstream o f  & 
B- 97 

SAMPLE WPE 
B - Undisturbed Block Sdmple 

I 
SERGENT, HAUSKINS & BECKWITH 

D - Disturbed Bulk Sample 
CO*.YL,,NL SO,. .*0 ,OY"IY. tP*  T " 0 I " T r n I  



PROJECT McMicken Dam Restoration - -- Study LOG OF TEST PIT TP-23 
-. 

JOB NO. __EU--138 DATE 2 - 11-82 
Backhoe Type CaseL580C 
Location- >'Gee Below,.-.- 
€levatian. 1342.0' 

. . .  Datum U . S . G . S .  Toqo Map - 
VISUAL CLASSIFICATION 

SILTY SAND, predominantly well 
graded, subrounded to subangular, 
low plasticity, brown 

note: occasional lense of well 
graded sand, subrounded to subangu- 

.... ............... - lar, nonplastic, light brown ., 

SILTY CLAY, some sand, weakly ce- 
mented, medium plasticity, blocky 
structure,' brotm - ... 
SAND & GRAVEL, some clay, well 
graded, subrounded to subangular, 
weakly cemented, nonplastic, reddish- 
brown ..... ,. ................................. ............................. .... ~ ................................ ~ ........... - ~ .~~ ......,.... ..........-. 

Stopped backhoe at 8'6" 

%?tation 301f40, 130' downstream of 4 . 

LOO OF TEST PIT NO.- TP-24 

P 
GROUND WATER Backhoe Type.. Case 580C 

*See Below 

13 3 6 . Q . l . - - . .  
~ a f u m ~  U.S.G.S. Topo Map -. 

VISUAL CLIISSIFICATION -- -. 

graded, weakly to moderately ce- 
mented, low plasticity, tan with 
light tan mottling 

-" -.----- 
SAND & GRAVEL, some cobbles & silt, 
well graded, rounded to subrounded, 
weakly cemented, nonplastic, light 

Stopped backhoe at 8' 

,*Station 284f00, 600' upstream of 4 1 

B-98 
SAMPLE TYPE 
8 - Undisturbed Block Sample 

I 
D - -  Disturbed Bulk Sample - I SERGENT, HAUSKlNS & BECKWITH 

- I . ...,,..,.. .n. ... .",,""..". ......... 



PROJECT McMicken Dam Restoration Study LOG OF TEST PIT NO.--. TP-25 
JOB NO. --!281-128- DP.TE 2-11-82 

Backhoe Type Case 580C .- 

"See Below Location 

1341.0' 

VISUAL CLASSIFICATION 

SILT, some sand, predominantly fine 
to medium, subangular, low plastic- 

SILT, trace of sand & gravel, weakly 
cemented, low plasticity, tan mot- 
tled with light tan - - - - " 

SAND & GRAVEL-, occasional silt & 
lenses of well graded sand, well 
graded, subangular to subrounded, 
some weak cementation, nonplastic, 

Stopped backhoe at 8' 

LOG OF TEST PIT NO. -- TP-26 

B a c k h o e  Type Case 580C 

UAL CLASSIFICAIION 

CLAYEY SILT, some sand, weakly ce- 
mented, medium plasticity, blocky 
structure ,' brown -- 
SAND & GRAVEL, some silt, well 
graded, subrounded to subangular, 
weakly cemented, nonplastic, brown, 

Stopped backhoe at 7 ' 

B-99  
SAMPLE TYPE 
B - Undisturbed Block Sample 1m SERGENT, HAUSKINS & BECKWITH 
D - Disturbed Bulk Sample 

- 4  / R I so*.urr,n. SOli .No rouuorr,o* rnr ,u r rae  



PROJECT . . _ _ _ M r M L & m J h m A e s ~ t i o n S t u ~  LQQ OF TEST PIT NQ. TP-27 -_ 
2-11-82 JOE NO. E81-138 DATE 

GROUND WATER 
Backhoe Type Case. 2 6 !  
~ocation. L S e e - - B a l o w  
Elevation__- 

note: predominantly fine, very soft 
sand. from 3' to 4' 
SAND 61 G W V E L ,  occasional clay, well 
graded, subangular, nonplastic, red- 

Stopped backhoe at 6' 

LOG OF TEST PIT NO. TP-28 -- 
:E 2-11-82 

case 58QL 
$:See Below 

Elevalion--- 1340.0 ' 
1J.S.G.S. Topo Map -- 

VISUAL CLASSIFICATION 
- . . 

SANDY SILT, some well graded sand& 
gravel, predominantly very fine, low 
plasticity, tan 

. ...... .. .~ 

blocky structure, reddksh-brown 

Stopped backhoe at 10' 

179+30, 165' downstream o f  4 
B-100 

SAMPLE TYPE 
B - Undisturbed Block Samplc 

I 
D -- Disturbed Buik Sample 

SERGENT, HAUSKINS & BECKWITH 
CONIYL7,*. .,I. ,D"*O.liD" r*TI*Lr ls  



PROJECT -. Study - I ~ ) C  nl 

JOB DATE 2-12-82 .. 

GROUND WATER 
DEPTH HOUR 

REMARKS 

--- ,F TEST PIT NO.-. TP-29 -- 

Backhoe Type C a s e  580C - -- 
Location *See Below 
Elevation 1 3 6 0 . 0 '  

-- 

Datum -. A . H . A .  1?:82 S u r m -  

VISUAL CLASSI~ICATION I 
I I 

I 

.- 

- 7  2 -LL, SILT, c o n s i d e r a b l e  f i n e  sand ,  some 
-- L. c l a y  &  ravel, weakly t o  modera te ly  1 

cementea, l o & p l a s t i c i t y ,  t a n  

n o t e :  g r a v e l l y  l e n s e  a t  1 ' 9 "  t o  2 '  
................. .. ............ . - -. 

SAND & GRAVEL, c o n s i d e r a b l e  s i l t ,  
w e l l  g raded ,  modera te ly  cemented, 
n o n p l a s t i c ,  l i g h t  brown .................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - ...... ....... -. 

Stopped backhoe a t  5 ' 6 "  

LOG OF TEST PIT NO.- TP-30 - 
TE 2-12-82 -- 

Backhoe Type _ CaSe580C 
"See Below . 

1352 .0 '  

. .... A .  H A .  1982Surve.y 

T, o c c a s i o n a l  f i n e  s and ,  t r a c e  o f  
sand & g r a v e l ,  occa.si.onally weakly 
cenierited, low p l a s t i c i t y ,  t a n  

n o t e :  SAND & GRAVEL, o c c a s i o n a l  s i . l t  

. . .  

Stopped backhoe a t  6 ' 6 "  

SAMPLE TYPE 

-- 

8 - i l n ~  $ ? ~ r h e a  B ock Samp e HAUSKINS & BECKWITH 
3 - D~rl-rocd B ~ l k  Somp o 

C"h. I . . a .  A I D  .0"110.11011 1-c L l L - 5  

- "S t a t i on  464+00, @ of dam - 



PROJECT ....... 9 cMicken Dam R e s t o r a t i o n  Study - LOG OF TEST PIT NO. TP-31 -- 
JOB NO. 1-1 DATE 2-12-82 

Backhoe Type Case -. 580C 

Location *See &ow 
Elevation__ - 1 3 5 0 . 0 '  
Datum A .  H . A .  1.982 Survey - --- 

REMARKS VISUAL CLASSlFlCArlON 1 
SANDY SILT, some g r a v e l ,  f i n e ,  low 
p l a s t l c i t y ,  l i g h t  brovm 

" 

SANDY GRAVEL, some s i l t ,  w e l l  g r a d e d ,  
5  subrounded,  low p l a s t i c i t y ,  g r a y i s h -  

. ..... 

p l a s t i c i t y ,  l i g h t  brown ......................................... . .- ................................................ 
1 0  SANDY GRAVEL, some s i l t ,  w e l l  g r a d e d ,  

subrounded,  low p l a s t i c i t y ,  l i g h t  
greenish-brown 

=:.=-A- 7~.~.~=:z.-~;~-:~z~?-r-.:~:::~,~:.~~,~~.~r~~~~~:.~.~:~-:~:~7:~:~,:~~~=~::~:~= 

Stopped backhoe a t  7 '  

I 
* S t a t i o n  370+00, 4 .. o f  o l d  d i k e  

LOG OF TEST PIT NO. TP-32 - 

Backhoe Type Case 580C 
GROUND WATER 

DEPTH Location "See Below 
Elevation 1 3 5 8 . 0 '  
Datum A . H . A .  T982-S-quey .- 

REMARKS 1 VISUAL ClMSIFICAlION 1 
CLAY, c o n s i d e r a b l e  s i l t  & s a n d ,  low 
p l a s t i c i t y ,  brown ........... .. -.--- 
SILT, c o n s i d e r a b l e  g r a v e l ,  some c l a y  
& s a n d ,  w e l l  g r a d e d ,  subrounded t o  
s u b a n g u l a r ,  weakly t o  m o d e r a t e l y  ce -  
mented,  low p l a s t i c i t y ,  l i g h t  brown 

n o t e :  t r a c e  o f  c o b b l e s  a t  5 '  
. . . ...... ................. 

Stopped backhoe a t  7 '  

* S t a t i o n  260f00, 4 of dam __] 
B-102 

SAMPLE W P E  
B - Undisturbed Block Sample  

I - - I  SERGENT, HAUSKINS & BECKWITH 
D - Dislurbed Bulk Sample  - ....................................... 



PROJECT McMicken-D_a_m Restoration Study - 106 OF TEST PIT NO. TP-33 
JOB NO. Es1-= DATE 2-15-82 

Case 580C B a c k h o e  Type 

j~Le.e Be low 
1340.0' -- 

VISUAL CLASSIFICATION 

SILTY SAND, considerable gravel, pre- 
dominantly well graded, subrounded to 
subangular, trace of weak cementa- 
tion, low plasticity, tan 

SAND, occasional clay, predominantly 
well graded, angular to subangular, 

& reddish-brown 

Stopped backhoe at 9' 

nonplastic to low plasticity, white 

LOG OF TEST PIT NO. TP-34 
2-15-82 

Case 580C 
'<See Below 

Elevation- 1340.0' 
U.S.G.S. TopPo Map 

-- 

- 

gravel & silt, well 

Stopped backhoe'at 5 ' 6 "  

on 141+32, 140' downstream of &A 
- --- 

B-103 
SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 

SERGENT, HAUSKINS & BECKWITH 
. c o w s u ~ ~ , ~ ~  so,. .so r m u s n a ~ f m ~  ~ w = ~ w c c ~ s  



PROJECT - _-McMicken Dam Restoratioy Study 
JOB NO. ..... IZLLL3 DATE -2-15-82 

GROUND W A T E R  
/--o-n, - 

REMARKS 1 

LOG OF TEST PIT NO.-. TP-35  

Case 580C B a c k h o e  T y p e  

Locat ion l__ "See Below 
E l e v a t i o n  1340.0' 
Datum U.S.G.S. Tojo Map -- -- 

VISUAL CLASSIFICAlION I 
SILTY SAND, predominantly very fine, 
nonplastic to low plasticity, brown 

. 
SILTY SAND, GRAVEL & COBBLES, well 
graded, subangular to subrounded, 
some weak cementation, nonplastic to 
low plasticity, tan with some light 
tan mottling -- ....... . .......- ....-......... .... -. ..... - - - ................. .... -. ..... - ... 

Stopped backhoe at 4' 

1 "station 119+12, . - 110' downstream of .- 4 1 
LOG OF TEST PIT NO. TP-36 -- 

. i E  2-15-82 - 
GROUND W A T E R  

B a c k h o e  Type-_._ Case +8oL .- 

HOUR I DATE L o c a t i o n -  "See B G y  
- Elevat i on - -  1335.0' 

f u . SAG. s . T-o Map- ... ......... D a t u m . - -  
~ D 

n REMARKS VISUAL CLPISSIFICAIION 

.. ......... 

SILTY SAND, predominantly very fine, 
nonplastic to low plasticity, light 
brown m o s t _  ---...--.~-.. - 
SAND, GRAVEL & COBBLES, some silt, 
well graded, subrounded to subangu- 
lar, trace of weak cementation, non- 

-- plastic, light brown to light tan 
,,.., ...................... .- 

1 Stopped backhoe at 6 '  

79+22, 168' downstream of B 
. B-104 

S A M P L E  TYPE 
B - Undisturbed Block Sample 

I - SERGENT, HAUSKINS & BECKWITH 
D - Disturbed Bulk Sample 

I CI 1 .""llll,l"n .",, .U~."ll*".,."* , * r . 1 " . C l "  



SH&R CEOTECHVICAL 1XVESTIC;ATIOU (1983) 



TEST DRILLING EQUIPMENT & PROCEDURES 

Dri1 . l ing  Equipment Truck-mounted CME-55 d r i l l  r i g s  powered w i t h  4 o r  6 
c y l i n d e r  Ford i n d u s t r i a l  eng ines  a r e  used  i n  advancing  t e s t  b o r i n g s .  The 
4 c y l i n d e r  and 6  c y l i n d e r  e n g i n e s  a r e  c a p a b l e  o f  d e l i v e r i n g  a b o u t  4 , 3 5 0  
and 6 , 5 0 0  f o o t / p o u n d s  to rque  t o  t h e  d r i l l  s p i n d l e ,  r e s p e c t i v e l y .  The 
s p i n d l e ,  is  advanced w i t h  twin  h y d r a u l i c  rams c a p a b l e  of  e x e r t i n g  12 ,000  
pounds downward f o r c e .  D r i l l i n g  through s o i l  o r  s o f t e r  r o c k  i s  pe r fo rmed  
w i t h  6  112 O.D . ,  3  114 I . D .  ho l low s t e m  auge r  o r  4  112 i n c h  c o n t i n u o u s  
f l i g h t  auge r .  Ca rb ide  i n s e r t  t e e t h  a r e  normal ly  used  on t h e  a u g e r  b i t s  
s o  they  can o f t e n  p e n e t r a t e r o c k  o r  v e r y  s t r o n g l y  cemented s o i l s  which 
r e q u i r e  b l a s t i n g  o r  v e r y  heavy equipment f o r  e x c a v a t i o n .  Where r e f u s a l  - 
i s  expe r i enced  i n  a u g e r  d r i l l i n g ,  t h e  h o l e s  a r e  sometimes advanced w i t h  
t r i c o n e  gear  b i t s  and NX rods  u s i n g  w a t e r  o r  a i r  a s  a  d r i l l i n g  f l u i d .  
Where auge r  and t r i c o n e  g e a r  b i t s  canno t  be  used t o  advance t h e  h o l e  due 
t o  c o b b l e s  o r  c a v i n g  c o n d i t i o n s ,  t h e  ODEX (ove rburden  d r i l l i n g  w i t h  t h e  
e c c e n t r i c  method) i s  used .  A p e r c u s s i o n  down-the-hole hammer ~ i n d e r r e a m s  
t h e  h o l e  and 5 i n c h  s t e e l  c a s i n g  is i n t r o d u c e d  i n t o  t h e  h o l e  d u r i n g  d r i l l -  
i n g .  The d r i l l  b i t  i s  e c c e n t r i c  and can  be  removed from t h e  c e n t e r  of  
t h e  c a s i n g  t o  a l l o w  sampl ing  o f  t h e  m a t e r i a l  below t h e  b i t  p e n e t r a t i o n  
depth .  

Sampling P r o c e d u r e s  Dynamical ly  d r i v e n  Cube samples  a r e  u s u a l l y  o b t a i n e d  
a t  s e l e c t e d  i n t e r v a l s  i n  t h e  b o r i n g s  by t h e  ASTM Dl586 p r o c e d u r e .  I n  
many c a s e s ,  2" O.D. ,  1 318" I . D .  s a m p l e r s  a r e  u8ed t o  o b t a i n  t h e  s t a n d a r d  
p e n e t r a t i o n  r e s i s t a n c e .  "Undis turbed"  samples o f  f i r m e r  s o i l s  a r e .  o f t e n  
o b t a i n e d  w i t h  3" O.D. s a m p l e r s  l i n e d  w i t h  2.42" I . D .  b r a s s  r i n g s .  The 
d r i v i n g  ene rgy  i s  g e n e r a l l y  r e c o r d e d  a s  t h e  number of  blows o f  a  140 pound 
30 inch  f r e e  f a l l  d r o p  hammer r e q u i r e d  t o  advance t h e  s a m p l e r s  i n  6  i n c h  
i n c r e m e n t s ,  However, i n  s t r a t i f i e d  s o i l s ,  d r i v i n g  r e s i s t a n c e  is somet imes  
r e c o r d e d  i.n 2  o r  3 inch  inc remen t s  s o  t h a t  s o i l  changes  and t h e  p r e s e n c e  
of s c a t t e r e d  g r a v e l  o r  cemented l a y e r s  can  be  r e a d i l y  d e t e c t e d  and t h e  
r e a l i s t i c  p e n e t r a t i o n  v a l u e s  o b t a i n e d  f o r  c o n s i d e r a t i o n  i n  d e s i g n .  T h e s e  
v a l u e s  a r e  e x p r e s s e d  i n  blows pe r  f o o t  on t h e  l o g s .  "Undis turbed"  sam- 
p l i n g  of  s o f t e r  s o i l s  i s  sometimes performed w i t h  t h i n  w a l l e d  She lby  t u b e s  
(ASW D1587). Where samples  of  rock  a r e  r e q u i r e d ,  t hey  a r e  o b t a i n e d  by NX 
diamond c o r e  d r i l l i n g  (ASTM 02113) .  Tube samples  a r e  l a b e l e d  and p l a c e d  
i n  w a t e r t i g h t  c o n t a i n e r s  t o  m a i n t a i n  f i e l d  m o i s t u r e  c o n t e n t s  f o r  t e s t i n g .  
When n e c e s s a r y  f o r  t e s t i n g ,  l a r g e r  b u l k  samples  a r e  t a k e n  f rom a u g e r  c u t t -  
i n g s .  

Cont inuous  P e n e t r a t i o n  T e s t s  Con t inuous  p e n e t r a t i o n  t e s t s  a r e  per formed 
by d r i v i n g  a  2" O . D .  b l u n t  nosed p e n e t r o m e t e r  a d j a c e n t  t o  o r  i n  t h e  bu t -  
tom o f  b o r i n g s .  The pene t rome te r  i s  a t t a c h e d  t o  1 518" O.D .  d r i l l  r o d s  
t o  p r o v i d e  c l e a r a n c e  t o  minimize  s i d e  f r i c t i o n  s o  t h a t  p e n e t r a t i o n  v a l u e s  
a r e  a s  n e a r l y  a s  p o s s i b l e  a  measure of end r e s i s t a n c e .  P e n e t r a t i o n  v a l u e s  
a r e  r e c o r d e d  a s  t h e  number of  blows o f  a  140 pound 30  i n c h  f r e e  f a l l  d r o p  
hammer r e q u i r e d  t o  advance t h e  pene t rome te r  i n  one f o o t  i n c r e m e n t s  o r  
l e s s .  

B o r i n g  Records  D r i l l i n g  o p e r a t i o n s  a r e  d i r e c t e d  by o u r  f i e l d  e n g i n e e r  o r  
g e o l o g i s t  who examines s o i l  r ecove ry  and p r e p a r e s  b o r i n g  l o g s .  S o i . 1 ~  a r e  
v i s u a l l y  c l a s s i f i e d  i n  acco rdance  w i t h  t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  
System (AsTM ~ 2 4 8 7 )  w i t h  a p p r o p r i a t e  group symbols b e i n g  shown o n  t h e  
l o g s .  

I - 
SERGENT, HAUSKINS & BECKWITH 

'D*I*YLTI*G rE0TECHNlC.L =*151* l rRs  
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UNIFIED SO11 C L A S S I F I C A T I O N  S Y S T E M  
S o ~ l s  are v isua l l y  c lass i f ied  by the Un i f ied  Soil C lass i f i ca t ion  system on the bor ing logs presented i n  t h i s  report. 
Grain-size analysis and Atterberg L imi ts  Tests are of ten performed on selected samples to a i d  in  c lass i f icat ion.  
The c lass i f i ca t ion  system i s  br ief ly  out l ined on th is  chart. For a more de ta i led  descr ipt ion of the  systern,see "The 
Un i f ied  Soil Classi f icat ion System" Corp of Engineers, U S  Arrny Technical Memorandum No,  3-357 (Revised Apr i l  
1960\ or ASTM Desianation: D2487-66T. 

MAJOR DIVISIONS TYPICAL NAMES 

CLEAN GRAVELS 
(Less than 5 %  pssses No. 200 sieve) 

GRAVELS WlTH 

(Mare than 12% 

CLEAN SANDS 
(Less then 5 %  passes No. 200 ssive) 

Limits plot below 
SANDS WITH 

(More than 12% passer 
No. 200 rieuo) 

on  plasticity chsrt 

SILTS OF LOW PLASTICITY 
id Limit Less Than 50) 

OF HlGH PLASTICITY 

CLAYS OF LOW PLASTICITY 
(Liquid Limit Less Than 50) 

CLAYS OF HlGH PLASTICITY 

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS 

SOIL COMPONENT PARTICLE SIZE RANGE 

Above 3 in. 
3 in. ta No. 4 sieve 

Coarse gravel 3 in. to II( in. 
Fine oravel % in. to No. 4 sieve 

NO. 4 10 No. 200 
NO. 4 to NO. 10 

Medium No. 10 to No. 40 
No. 40 to No. 200 

Fines (s i l t  or clay) Below No. 200 sieve 

I LIQUID LIMIT 

1 
SERGENT. HAUSKINS & 8ECKWlTH A- 

CONSULTINO 0EDI ICYNIC.L  FHI IHTIR.  
R~EN~X~UBUOUEIOUE. ~ H I A  re. ~ALTUW c f n  



TERMINOLOGY USED TO DESCRIBE T H E  RELATIVE DENSITY, 
CONSISTENCY O m M N E S S  O F % P ~  

-- 

The t e r m i n o l o g y  used on t h e  b o r i n g  l o g s  t o  d e s c r i b e  t h e  
r e l a t i v e  d e n s i t y ,  c o n s i s t e n c y  o r  f i r m n e s s  of s o i l s  r e l a t i v e  
t o  t h e  s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  i s  p r e s e n t e d  below. 
The s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  ( N )  i n  blows p e r  f o o t  i s  
o b t a i n e d  by t h e  ASTM Dl586 p r o c e d u r e  u s i n g  2" O . D . ,  1 3/8" 
I . D .  s a m p l e r s .  

. Terms f o r  d e s c r i p t i o n  of r e l a t i v e  
uncemented s a n d s  and sand-  

g r a v e l  m i x t u r e s .  

R e l a t i v e  D e n s i t y  
Very l o o s e  
Loose 
Medium dense  
Dense 
Very dense  

2 .  R e l a t i v e  Cons i s t ency .  Terms f o r  d e s c r i p t i o n  of c l a y s  
which a r e  s a t u r a t e d  or  n e a r  s a t u r a t i o n .  

N - R e l a t i v e  C o n s i s t e n c y  Remarks 

0-2  Very s o f t  E a s i l y  p e n e t r a t e d  sev -  
e r a l  i n c h e s  w i t h  f i s t .  

3 - 4  S o f t  E a s i l y  p e n e t r a t e d  s e v -  
e r a l  i n c h e s  w i t h  thumb. 

5 -8 Medium s t i f f  Can be p e n e t r a t e d  s e v -  
e r a l  i n c h e s  w i t h  thumb 
w i t h  modera t e  e f f o r t .  

9 -  15 S t i f f  R e a d i l y  i n d e n t e d  w i t h  
thumh, h u t  p e n e t r a t e d  
o n l y  wi th  g r e a t  e f f o r t .  

16-30 Very s t i f f  R e a d i l y  i n d e n t e d  w i t h  
t humbna i l .  

30+ Nard I n d e n t e d  o n l y  w i t h  d i f -  
f i c u l t y  by t h u m b n a i l .  

3 .  R e l a t i v e  F i rmness .  Terms f o r  d e s c r i p t i o n  of p a r t i a l l y  
s a t u r a t e d .  and/or  cemented s o i l s  which commonl~  o c c u r  i n  
t h e  Southwes t  i n c l u d i n g  c l a y s ,  cemented g r a n u l a r  mate-  
r i a l s ,  s i l t s  and s i l t y  and c l a y e y  g r a n u l a r  s o i l s .  

R e l a t i v e  F i rmness  - 
Very s o f t  
SoEt 
Modera t e ly  f i r m  
Firm 
Very f i r m  
Hard 

I 
I SERGENT, HAUSKINS & BECKWITH *!nl - - CON%YLI INO T L O T < C H I 1 I E A L L N I I N r F I . I  

I 
P * O C N I X  . L L D Y O Y T I O Y L  . LAII.*FL 



DROJECT 

0 8  NO. 

r7- 
Mcl4icken Dam Restoration - - Study 

- 

GROUND WATER - 
: 3 
m ,  - - .. FPIH HOUR oiicj 

Y SO - C - e .a a .z 
.- 0 none 

3 r a -  w 
2 2 

b c  V 

31, 1 RFMARKS 1 

LOG OF TEST PIT NO., rTP-l 

Case 580C Backhoe Type--~ - 
Location . ... .- 

Elevalion _ 
D a l u m - - - ~  ....... -- .- -- 

VISUAL CLASSIFICATION -1 

SILTY CLAY,  some fine sand, medium 
plasticity, brown 

sand & fine gravel, 
weakly to moderarely lime cemented, 
medium plasricity, brown 

iderable clay in 
vel, predominantly 
rained, cemented, 

..... .............. ~.. ........... 

AND, occasional lens of gravel, 
fine grained, cemented, nonplasfic, 

- -. - --- ..-.---a.A-.-. 4 .... 

GROUND WATER 
[ - O L f l 1 H o U R D G -  

1 - . I  > 

REMARKS 

L O G  OF TEST PIT NO. TP - --- 2 

Backhoe T~~~----&.SL~-.%& 

1ocatio.n -- 
Elevation -- .... -- 

Datum.- - - 
VISUAL CLASSIFICATION 1 

I SILTY CLAY, some sand, low to medium 
plasticity, brown 

I 
ome sand, trace of grav- 

I me cemented, low to 
medium plasticity, brown .- 

SAND,some gravel, poor- 
edominantly fine to 
d, predominantly angu- 
ic to low plasricity, 

I 

----- 
SAMPLE TYPE I 
B - Undisturbed Black Sample - - I  SERGENT, HAUSKINS & BECKWITH A-4 
D - Disturbed Bulk Sample -;m, .D.I.Y ",,DL*,, ,,," #.,, , .,.YoUI.DYL. * * O  ,O"*o.,IO* S l l t l .  T " L I * C C E I  T T  



PROJECT -LL9z.Mickegn.l.DRestoral,n S t ud y ., LOG OF TEST PIT NO. T1'- 3 
10-8-82 

---- 
0 0  NO. -2-l1l  DATE -..- 

Backhoe Type C-a~. . .580C_. .~ 
Location ~ 

Elevation 

Dalum 

VISUAL CLASSIFICATION 

r a b l e  s a n d ,  s m a l l  
amount o f  g r a v e l ,  medi,um p l a s t i c i t y ,  

-- 

Stopped  backhoe  a t  6 ' 6 "  

LOG OF TEST PIT NO. T P - 4  -- 
t 10-8-82 

Backhoe Type . -~a~-580CC 

Elevation 

Datum-- .. - - 
VISUAL ClASSlf ICAl lON 

1 

n o t e :  v e r y  weakly  cemented l e n s  from 

- 

LAYEY SAND, some f i n e ,  a n g u l a r . t o  
g r a v e l ,  w e l l  g r a d e d ,  weak-, 

SILTY' CLAY, some sand  & f i n e  g r a v e l ,  
weakly  t o  m o d e r a t e l y  l i m e  cemen ted ,  

B - Und~rturbed Block Sample 
D - Disturbed Bulk Sample 



P R ~ J E C T - . -  McMick_e_n Dam Restoration Study LOG OF TEST PIT NO. T P - 5  - . -. -- \ 
OB NO. -5@A1.1. -. DATE 1C:-8:-8?_-- ........ 

:a se  580C Backhoe ~ y ~ e  ~. 
GROUND WATER 

.. [*xij7nr-r-~.j -- - .... Localion -- 

none €levalion--~ .-__-..-.--__ ............ 
. - - 

Y 

z U 
"'f .- * , - "  Datum _-....p-p.p - 
E l  
,u REMARKS VISUAL CLASSIFICATION 1 

u 
slightly SILTY CLAY, considerable well graded 

sand & fine, angular to subrounded 
gravel, medium plasticity, . brown 

? --- 
CLAYEY SAND, some gravel, weakly lime 
cemented, medium plasticity, brown 

note: moderately cemented below 3%' 

-- - - .- . -- ---.--- 

SAND, considerable silt, some fine, 
angular to subangular gravel, pre- 
dominantly fine to medium grained, 
some well graded lenses, nonplastic, 
light gray to brown -- .- ." . - - - - -- .. -- -- 

Stopped backhoe at 7'6" 

LOG OF TEST PIT NO.- TP-6 
.i€ 10-8-82_..- 

Case 580C Backhoe Type - 

Localion_- 

E l e ~ a l i o n _ _ _ _ ~  - .- 
L E 

 datum----^ -. - 
8 REMARKS VISUAL CLASSIFICATION -1 

SILTY CLAY, considerable sand, some 
fine, subangular to subrounded grav- 
el, medium ---.---..-----.-..,a plasticity, brown 

LTY CLAY, considerable sand & grav- 
, 6" lens of clayey sand at 3 ' ,  

weakly lime cemented, medium to low 
...... 

lasticity, . , light brown -- -- 
ND, considerable silt & fine, sub- 

angular to subrounded gravel, well 
aded, weakly cemented, stratified, 

onplastic, brown ........................ .............................. 

astic, brown -- - -- 

4 
SAND & GRAVEL up to 4" in diameter, 
poorly graded, rounded to subangular. 
weakly to moderately cemented, non- 

-- 

I I Stopped backhoe at 7 '6" I 
I /  I 1 I . . 

7 n I -- .- . ... - .- ..... _- I 

SAMP1.E TYPE 
6 - Undisturbed Block Sample I 

D - Ditlurbed Bulk Sample SERGENT, HAUSKINS & BECKWITH A'6 S / I__ 

- - * * Y I * , l  . *LBUOY'.I I( IUC . ZL*.. r c  

I 



LOG OF TEST PIT NO.- TP - a_-___ 
10-8-82 E- 

Case 580C B a c k h o e  Type 

L o c a t i o n  

E l e v a t i o n  

VISUAL CLASSIFICATION 

SILTY CLAY, some sand, trace of grav- 
e l ,  medium plasticity, brown 

- 
ped backhoe at 7 ' 6 "  

-- 
SAMPLE TYPE 
B - Undisturbed Block  S a m p l e  

I 

D - Disturbed B u l k  S a m p l e  - - 1  SERGENT. HAUSKINS & BECKWITH A- 7 -;HI ' O I L Y L I , * C  .*" r e " " O . l l O *  < U " I * I C . .  - - ".,nc",* . . , ~ " ~ " ~ % ~ " C .  S & * < A  .< 



FcMicken Dam R e s t o r a t i o n  S tudy  PROJECT --L LOG OF TEST PIT NO. TP-9 
E82-111 - 

OB NO. -. DATE 1!k._8:8_?_ --.d_o_,._o_ 

Backhoe Type C a ~ . c . . 5 ~ 8 O L . .  
.. .... .. local ion..^-__ 

VISUAL CL~SSI~ICATION 

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

......... - 
me sand  & f i n e ,  suban-  

g u l a r  t o  subrounded g r a v e l ,  weakly  
l i m e  cemented,  medium p l a s t i c i t y ,  

-... ......................... - -- -- ,- 

CLAYEY SAND & GMVEL, consi .clerable 
s i l t ,  some sandy  c l a y  l e n s e s ,  w e l l  
g r a d e d ,  a n g u l a r  t o  s u b r o u n d e d ,  weak- 
l y  l ime  cemented;  low t o  medium p l a s -  
t i c i t y ,  brown 

GROUND WATER .- . -- .- -- 
DEPlH I--.- 1 HOUR DATE 

LOG OF TEST PIT NO.-. TP-10 -. 

Backhoe Type-_- Case -580C 
Localion-- 

Elevation 

Datum. - .- 
VISUAL CLASSIFICATION 

a b l e  s i l t  & s a n d ,  some 
edium p l a s t i c i t y ,  d a r k  

. --- -- .- ........ - ... - 
SAND, some c l a y ,  w e l l  

r t o  s u b a n g u l a r ,  mod- 
o n g l y  l i m e  cemen ted ,  
low p l a s t i c i t y ,  g r a y  

. . -. -. 

Backhoe r e f u s e d  a t  4 ' 6 " o n  v e r y  
s t r o n g l y  cemented m a t e r i a l  

SAMPLE TYPE 
D - Undisturbed Block Sample 

I 
0 - Dislvrbed Bulk Sample 

SERGENT. HAUSKINS & BECKWITH A-8 
C D * ~ Y L I I " "  I*,> .*. ,."lO,.iO* I U T I * T . " l  ... . - - r * O c p l . .  .L."O" " c S.".. 11c 



cMickcn Da PROJECT m R e s t o r a t i o n  S tudy  TP- 11 
LOG OF TEST PIT NO 

10-11-82 -. .- r 
1 B o c k h o e  ~ y p e  c~sL-&Z -__-- 

OP NO. -!E8L-m1 DATE - 

C I K U U I V U  WHI  t K  . . ~p 

.. 

Datum pp 

REMARKS VISUAL CLASSIFICATION 

rounded t o  a n g u l a r  g r a v e l ,  weakly 
a& cemented below i f ' ,  medium p l a s t i c -  

- i t y ,  brown 
I 

.. ~ .. . . . . . . ... ,. . ,. ... '. . ... v e r y  c o n s i d e r a b l e  f i n e ,  a n g u l a r  t o  
SP - m o i s t  g r a v e l  i n  l e n s e s ,  some I I c l a y ,  p r e d o m i n a n t l y  f i n e  t o  medium 1 g r a i n e d .  weakly  t o  m o d e r a t e l y  l i m e  

1 5 own - -. - . .. .- .- 
s l i g h h r l - k ~ ~ E Y  SAND b GMVEL, c o n s i d e r a b l e  
m o i s t  s i l t ,  w e l l  ~ r a d e d ,  a n ~ u l a r  t o  sub-  

I 

I cemented ,  low p l a s t i c i t y ,  l i g h t  b r  

- .- 

REMARKS 

"- 

r o u n d e d ,  weakly  t o  m o a e r a t e l y  c e -  
mented,  l o w  t o  medium p l a s t i c i t y ,  

- -- b ~ o w n  _ . ... 

I 

LOG OF TEST PIT NO. TP-12 

. 

B a c k h o e  ~~~e h d 8 a L  .II--IIII.IIIIIIII 

Dalum---.- 

VISUAL CLASSIFICATION -7 

1 n --.-- J 
-. . 

SAND, some s i l t  & f i n e ,  angu-  
lar  t o  s u b a n g u l a r  g r a v e l ,  weakly  c e -  
mented be low 2 ' ,  medium p l a s t i c i t y ,  

SILTY SAND, some c l a y  & f i n e ,  a n g u l a r  
t o  s u b a n g u l a r  g r a v e l ,  w e l l  g r a d e d ,  

cemen ted ,  m o d e r a t e l y  cemented 
5', s t r a t i f i e d ,  low p l a s t , i c i t y ,  

" ~ 

p...---.---.-.....-...----....- - 

Stopped  backhoe a t  5 '6"  

S topped  backhoe a t  6 '  i n  h a r d  mate-  
r i a l  

SAMPLE TYPE 
8 -- Undisturbed Block Sample 

I 

D - Dislurhed Bulk Sample 

- - .,,or*/, . . L . Y D Y c " ~ U r  . 1""ll l C  



PROJECT McMi&en Dam Re? t o r a t i o n  Study 
10-11-82 0s NO. - E & k x  DATE 

-.-. -. . 
GROUND WATER 

DATE 

LOG OF TEST PIT NO.-. T 1-13,  7 . 

Backhoe ~ y p e  C;1se-.58aC 
Location 

- .--..-A 

VISUAL CLASSIFICATION 

o f  f i n e ,  a n g u l a r  t o  s a b a n g u l a r  g r a v -  
e l ,  weakly l ime cemented below l ' ,  
weakly t o  modera te ly  l ime cemented 
below 6 ' ,  low t o  medium p l a s t i c i t y ,  

LOG OF TEST PIT NO. TP-14 
10-11-82 & 

Backhoe Type-- Case ,580C -- 
Location.- .. . 

Elevation_ 

Oaturn 

0 REMARKS VISUAL CLASSIFICATION 7 
J 

, a n g u l a r  t o  
s u b a n g u l a r  g r a v e l ,  weakly l ime c e -  
mented below 3 ' ,  low p l a s t i c i t y ,  

- -.-- - 
LTY SAND, c o n s i d e r a b l e  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  subrounded,  a r e a s  
o f  weak c e m e n t a t i o n ,  s t r a t i f i e d ,  non-  
p l a s t i c  co low p l a s t i c i t y ,  brown 

~ - 
I I 

i n  l Stopped backhoe a t  8 ' 6 "  
J. u 

SAMPLE TYPE 
B - Undtsturbed Block Sample 
D -- Dlrlurbed Bulk Sample - SIRGENT, HAUSKINS b BECKWITH A-10 

I . O * L U L I I * I  i O i l  .,<. I.""n.llD* c * o i * r c l t L  - - ."0,1.,. . .L.UaYf.DYc . . . r i l l  r e  
I 



PROJECT l ~ I r k L L L a ~ i l ~ R c _ s  t o r a t i o n  S tudy  
OB N O . .  E 8 2 - l l l P .  DATE-  =? -. 

-. 
=" REMARKS 

Dacktioe ry pe c~~e.._5_8E 
Localion ~ ~ 

Elevation _--..-.-.7....T.-_-.--.~~..-__ 

Daturn 

VISVbL CLASSIfICATION I 

o n s i d e r a b l e  f i n e  t o  
d  s a n d ,  some f i n e ,  an-  

g u l a r  t o  s u b a n g u l a r  g r a v e l ,  v e r y  
weakly cemented be'low I? ; ' ,  medium t o  
low p l a s t i c i t y ,  brown 

-- - 
v e r y  s l i g h t l y  CLAYEY SAND, c o n s i d e r a b l e  g r a v e l ,  

some s i l t ,  w e l l  g r a d e d ,  a n g u l a r  t o  
sub rounded ,  v e r y  weakly cemented ,  
s t r a t i f i e d ,  low p l a s t i c i t y  t o  non-  
p l a s t i c ,  brown 

. .  " 

Stopped  backhoe a t  8 '  

I V  

LOG OF TEST PIT NO. TP-16 
tTE -10-11Z&---. 

Backtioe T y p e . ~ _ 5 8 0 c c c C _ -  -- 

Location ~Iil- 

Elevalion- 

-- -- 
VISUAL CLASSIFICATION 

I 

ome s a n d ,  t r a c e  o f  g r a v -  
e l ,  v e r y  weakly l ime  cemented below 
I % ' ,  v e r y  weakly s t r a t i f i e d ,  medium 

' p l a s t i c i t y ,  brown 

TY SAND,  some f i n e ,  a n g u l a r  t o  
a v e l ,  l e n s  o f  s i l f y  

from 6 '  t o  6 & ' ,  p r e -  
dominant 1 y  f i n e  t o  medium g r a i n e d ,  

e d ,  s t r a t i f i e d ,  non-  
w p l a s t i c i t y ,  brown 

.- -- -. . . . -- - . . --- -. 

Stopped  backhoe a t  7 ' 6 "  

SAMPLE TYPE 
B - Undisturbed Block Sample 

I 
D - Disturbed Bulk Sample 

SERGENT, HAUSKINS & BECKWITH *-l1 
c..,",.;"~ ro,L ... Fq... "..lo.~..rr.rr.. 

.*Oc*,I ..I.YPY."OYL. S.X..TT 



PROJECT McMicken Dam R e s t o r a t i o n  S t u d y -  LOG OF TEST PIT NO.--- 'rp-12 
10-1.1-82 0 0  NO. .._E8?*-- DATE ___--___ 

GROUND WATER 
Backhoe Type As>s-~%---- 
Location 

Elevation 

VISUAL CLA55lflCAlION 

, some c l a y ;  w e l l  

S topped  backhoe a t  7 ' 6 "  

GROUND WATER - 
1 DEPTH HOUR 1 DATE 

I 1 none I 4 
1 

PEMARKS 

I 

i v e r y  s l i g h t l y  

I 

I 

I 

I 

LOG OF TEST PIT NO.- TP- 18 

Backhoe Type ~ - - % & c -  
Locatton- -- -- 

Elevat~on--- --  

Dalum-p -- 

VISUAL CLASSIFICATION 
.- 

SILTY, SANDY CLAY, t r a c e  of  f i n e ,  
a n g u l a r  g r a v e l ,  weakly cemented be- 
low l ' ,  weakly t o  m o d e r a t e l y  cement- 
ed below 3 ' ,  low t o  medium p l a s t i c -  
i t y ,  brovm 

Stopped backhoe a t  5 ' 6 "  on  s t r o n g l y  
cemented m a t e r i a l  

SAMPLE TYPE 
0 - Undisturbed Block Sample 

I 
D - Dirlvrbed Bulk Sample 

-- - 1 
SERGENT. HAUSKINS & BECKWITH A-12 

- ;ml cO*.YLI,"T 'eSL I N 1  ID"ll0 , l lDI , . = l " 1 r . m I  - - l.l.,cll.. lL.Y.Y..DYI I ..1'.1 r r  



McMicken Dam Res to ra t i on  Study OROJECT . LOG OF TEST PIT NO.--. TP-3.9 
10-11-82 oa NO. -E82- 111 DATE ~ ~ 

Case 580C B a c k h c e  T y p e - _ -  .. 

Location ~p 

Eleval ion - 

Dalum ~. .. .- -. 
VlSUei CIASSIFICAIION - 

a y  & g r a v e l ,  -----I -- 

SILTY SAND, cons ide rab l e  angula r  t o  
subrounded g r a v e l  i n  l e n s e s ,  w e l l  
graded,  s t . r a t i f i e d ,  n o n p l a s t i c ,  brown 

n o t e :  occas iona l  t h i n  24" sandy s i l t  

Stopped backhoe a t  7 '  6" 

---. - 

LOG OF TEST PIT NO.-- TP-20 
, E _  1 0 - 1 m  - 

Backhoe Type C a x 5 8 0 C  -_..A_- 

L o c a t i o n - - - -  

Elevation-- 

Dalurn -- - -. -- 
0 2" REMARKS VISLICI CLASSlflCATION I 

I 0 
very SILTY CLAY,  some sand,  smal l  amount 

I 
of f i n e ,  angula r  t o  subrounded grav-  
e l ,  weakly lime cemented below l ' ,  
medium p l a s t i c i t y ,  l i g h t  brown 

" 1 
SAND, some l enses  of s i l r y  sand & 
g r a v e l ,  predominantly w e l l  graded,  
angula r  t o  subangula r ,  s t r a t i f i e d ,  
n o n p l a s t i c ,  l i e h t  brown -- - - .- 
SILTY CLAY, some sand & g r a v e l ,  weak- 
l y  t o  moderately lime cemented, medi- 
um p l a s t i c i t y ,  l i g h t  brown t o  brown 

-- -- -- - . - -- . . --. .. - - - -- . . -- - - - 'I 
Stopped backhoe a t  7 ' 6 "  1 

I 

+c. 1 t i  i 
I 

*- I ~ I 
SAMPLE TYPE 
B - Undirlurbed Biock Sample 

I 
D - Dirtulbed Bulk Sample 

- - I SERGENT, HAUSKINS & BECKWITH *-I3 -;mi co*r"rr.ir ,om, .ou*a*ria* rwcl-rr lr  - - . 1 , 0 < * . " .  l i . l , . i l l~*Y< . 1.*.. rc 



DROJECT ---MsMLcken Dam Res t o r a t  i o n  study_-_._ LOG OF TEST PIT NO. T:P-21 __ 
ob NO. ~ 3 2 - 1 x 1  DATE ...... ~ 0 ~ 2 - 8 :  

GROIJND WATER 
B a c k h o e  ~ p e  k . % _ 5 8 0 C C _ .  

................. Elevation--_ -- -p 

.......... ~- 
VISUAL ClASSIFICAl1ON 

SILTY CLAY, c o n s i d e r a b l e  s a n d ,  some 
f i n e  g i a v e l ,  weakly l i m e  cemented 
below l', medium p l a s t i c i t y ,  l i g h t  

f i n e  g r a v e l ,  weak- 

s t i c i t y ,  l i g h t  brown -- 
s t r a t i f i e d ,  medium 

...... .-- 

..... ... ........ .- - - 

* 

LOG OF TEST PIT NO. TP-22 .~. 

. i~ 10-1.2-32 
~ a c k h o e  ~ y p e  C a s e . . - 5 8 0 c C ~ ~  
Localion 

VISUAL CLASSIFICATION 

SILTY CLAY, some s a n d ,  t r a c e  of  f i n e  
g r a v e l ,  medium p l a s t i c i t y ,  brown 

. 

t o  m o d e r a t e l y  l i m e  
l a s t i c i t y ,  l i g h t  

Stopped backhoe a t  6 '  

SAMPLE TYPE 
8 - Undisturbed Black Sample 

I 

D - Disturbed Bulk Sample 

- - 
SERGENT, HAUSKINS & BECKWITH A-14 -;HI - 
<D*,Y,l,*T .Oil , " Y * ~ . l l O *  C.Ci*LI".  . ......... - - sl.Dr*,. .,.YOY'IYI,I 



PROJECT -~McMi'K~n..Pam..Res8_to~atti~nnnStud~.- LOG OF TEST PIT NO._ - 
. 

os NO. 8 2 - 1 1 1 -  DATE - 16-12-8?_ ....... 
B a c k h o e  ~~~e 2a~d-u~ .-..P-__-_ 

......... 
Localion-..- - ... ----. 
E l e v a l i o n  - -- 

.... - 

VISUAL CLASSIFICATION 1 
- 

LTY CLAY, some sand ,  smal l  amount 
of f i n e  g r a v e l ,  medium p l a s t i c i t y ,  

...... .......................... 
SILTY'CLAY, some sand & g r a v e l ,  weak- 
l y  t o  nloderately l ime cemented, medi- 
um p l a s t i c i t y ,  l i g h t  brown 

. 

Stopped backhoe a t  5 '  

--. . - 
LOG OF TEST PIT NO. T P z - 2 2 -  

B a c k h o e  lype C - a ~ e 5 8 0 C  

Location---.-- - 

~- 
VISIIAI CLASSIFICATION 

-~ 

SILTY CLAY, some sand ,  smal l  amount 
of f i n e ,  angu la r  t o  subangular  g rav-  
e l ,  weakly l ime cemented below 3 ' ,  
medium t o  high p l a s t i c i t y ,  brown 

I 
. ..... 

CLAYEY SAND, cons ide rab l e  f i n e ,  an- 
g u l a r  t o  subrounded g r a v e l  i n  l e n s e s ,  
predominantly w e l l  g raded ,  weakly 
cemented, s t r a t i f i e d ,  low t o  medium 
p l a s t i c i t y ,  brown 

.. 

S ~ a . p ~ - b ~ a . c W x l a - a ~ - 8  , 6 I #  -- 
SAMPLE TYPE 
B - Undislurbed Block Sample 

I 

D - Disturbed B u l k  Sample 
SERGENT, HAUSKINS & BECKWITH A- 15 

".YC . I1.11. r r  
-1- 



PROJECT NcMicken Dam .............. l i e s t o r a t i o n  S t u d y  
LOG OF TEST PIT NO..- TP -2L-- 

~ B N O .  E82-111 - D A T E  10-12-82-- 
.... B a c k h o e  T y p e  Q 2 ? ~ 5 8 o r ,  

L o c a t i o n  - .. -- - 
E l e v a t i o n  .- .- 

.......... Datum___..-_ - 

VlSUAl CLASSlFtCAllON --- 
s a n d ,  t r a c e  of  f i n e  
me cemented below 
c i t y  ,. l i g h t  brown 

. ...................... ... -. 

SILTY SAND, some c l a y ,  p r e d o m i n a n t l y  
a i n e d ,  s t r a t i f i e d ,  

i c i t y ,  brown -- .. -.-. -- - -. -- -- , . - - - 

Wedbackhoe %t-8L.___eeeeeee.ee 
LOG OF TEST PIT NO. 

B a c k h o e  ~ y p e - - ~ s e . . 5 3 K  _ _ _ _ _ _ . . .  

l o c a t i o n  -. 

....... ..... 
Dalum- .  

VISUAL CLASSIFICATION 
.. 

SILTY CLAY, some sand  & f i n e  g r a v e l ,  
medium t o  h i g h  p l a s t i c i t y ,  d a r k  brown 

... .. ... , ...... .- 
SILTY CLAY,  some sand & f i n e  g r a v e l ,  

..................... 

-- 

Stopped backhoe a t  7 ' 6 "  

SAMPLE TYPE 
B - Undislurbed Block Sample 

I 
D - D i s t u r b e d  Bulk S a m p l e  

S E R G E N T ,  HAUSKINS & BECKWITH *-I6 
- .................... +.m. 0. <-,WE... 

..,OC*,. , .L~Yo"~ . .Y '  . I.*%. r r  

- 1  - 



PROJECT ~ l c & k k ! ? f ~ ~ ! . ' f . ! ? r a t i o n  tudp- LOG OF TEST PIT NO 
f. ' T p - 2 7  __ 

oo NO. J82-111 - DATE _11):12rL 

Elevalion-.-_ -. . -. -. 

Datum - 
VISUAL CLASSIFICATION 

e  sand  & f i n e  g r a v e l  
low p l a s t i c i t y ,  l i g h t  

- ... - - -- 

LOG OF TEST PIT NO.- TP-z-B-_-. 
3 - 1 2 - 8 2  

C ~ F I L ~ ~ O C  Backhoe Type.--- 

-. 
E l e v a t i o n  

-- 
VISUAL ClASSlFlCAllON 

.......... . ..-.... .-a ,.--.-. -- 
Y SAND,  some f i n e ,  angu la r  ' t o  

subangular g r a v e l ,  predominantly f i n e  
t o  medium g ra ined ,  weakly cemented, 
s t r a t i f i e d ,  low p l a s t i c i t y ,  l i g h t  

Stopped backhoe a t  7 ' 6 "  

SAMPLE TYPE 
B -. U n d i r l u r b e d  Block Sample 

I 
-I  SERGENT,HAUSKINS & BECKWITH A-17 

D - Disturbed Bulk  Semple 
- 1  'B, C.*IYLI*L ,.,l.10 TOU"O..lD" = * L I " T t . I  - - ~ " O C * , .  . LI.".UC.I"C . ,."I. .L 

I 



PROJECT McMicken Dgm-Reorat ion Study LOG OF TEST PLT NO.- TP-29 - 
OR NO. -11 DATE --_10:1u2 - . -- -- - 

I .. 3 
- i? .. 

- none 
rn ." 
.. 

- r; 
i u  I -  ' "  = "  

c. a *  B g .- 
d $3 2i 3u 

L a  

REMARKS 
-- 

, some sand & g r a v e l  i n  
t o  me.dium p l a s t i c i t y ,  

- -. - .- -- 
SILTY CLAY, some sand & f i n e  g r a v e l ,  
weakly l ime cemented, medium -7 p l a s t i c -  

----.-A---*.-., -. .- - -- -. . . .. -- - 

Stopped backhoe a t  7 '  6" 

- - -- . -- . - . - . - - .- -. - - --- 

GROUND WATER 1 ~ ~ - z T ; F T  

i REMARKS I 

LOG OF TEST PIT NO.- TP-30 p 

Backhoe ~ ~ ~ e - - & e ? 5 8 0 ~  
Local lon--  - -. -. . --- 
E l e v a t ~ o n -  _- -___ 
D a t u m  -- 

VISUAL CLASSlFlCATlON - ----I 
I 

0 I SILTY, SANDY CLAY, some l e n s e s  of  
s i l t y  sand w i t h  cons ide rab l e  c l a y &  
clayey sand ,  smal l  amount of  f i n e ,  
angula r  t o  subangular  g r a v e l ,  moder- ! a t e  s t r a t i f i c a t i o n ,  low t o  medium 
p l a s t i c i t y ,  brown 

i 

I 
5 SILTY CLAY, cons ide rab l e  s and ,  weak- 

l y  t o  moderately l ime cemented;.medi- 
urn p l a s t i c i t y ,  brown 

i ---- -I I Stopped backhoe a t  7 '  6" 

I I ----- -..- --- 
SAMPLE TYPE 
8 - U n d i s l u r b e d  Black Sample 

I 

D - Disturbed Bulk Sampic - - 1 SERGENT, HAUSKINS & BECKWITH A- 18 -;HI ,-,, **" r O Y Y D * . I o *  ~ * L I * < I L I  - - . . I D , * , " .  . I ( I Y ~ Y I . O U T  . I.*,* S F  

I 



PROJECT 

;OR NO. 

McMicken . Dam Res t o r a C i o n  S tudy  ... ..... 

. m L l L .  DATE IDAX-82 ~- -. 
~ - 

. . GROUND WATER .......... 

- 
none 

w 

-- 
3 V REMARKS 

LOG OF TEST PIT NO. TP:31 

B a c k h o e  Type i ; i i ~ e - ~ O C  . 

L o c a l i o n  ..-_-.-....-p ... 

E l e v a f i o n  -- .-. .- 

D a t u m  ~ - 
VISUAL CLASSlllCkllON I 

.-........ . 

medium 

... 

. --. ... - ..-... - ... .................... ,, .......... , , ..... 

Stopped  backhoe a t  7 '  

I 
--d 

TP-32 LOG OF TEST PIT NO. 

......... 
GROUND WATER 

G a c k h o e  i y p e  c ~ ~ _ e - 5 8 0 c  
Loca t ion  

- +-.- - Eleva~ion---.-_ 

1 ....... 1 - A  D a t u m  - - A _  -- L 
RLMARKS VISUAL CLASSlFlCArlON "'---'- 

. 

I CLAYEY SILT, some sand  & f i n e ;  angu- 
l a r  t o  s u b a n g u l a r  g r a v e l ,  weakly l i m e  
cemented below 2 ' ,  low p l a s t i c i t y ,  

I l i g h t  brown 
.... - 

SILTY CLAY, some f i n e  sand-  & well 

I graded  sand  i n  p o c k e t s ,  weakly l i m e  

. 

i t y ,  brown 

cemented ,  h i g h  p l a s t i c i t y ,  d a r k  brown 
-...- 

SILTY CLAY, some sand  & f i n e  g r a v e l ,  

I weakly  l ime  cemented,  medium p l . a s t i c -  
...... ..................... , -..... .-.. -.- .. ........... 

I 
t o  
n t e l y  s t r a t i f i e d ,  medium p l a s t i c i t y ,  

I . . 
. ... b2Zorn - .,,wn. 

S topped backhoe a t  6 ' 6 "  -- 
SAMPLE TYPE 
B - Undisturbed Block Ssmplc  

I 

C"*.UI , ,*L ,mil .*O ,OYliOlll.,* T I C I W C L I I I  - - , . O r * , j .  . L " U . Y L . ~ L I T .  11.111 r r  

- - SERGENT. HAUSKINS & BECKWITH A- 1 9  
D - Dastvrbed Bvik  Sample 



PROJECT McMicken Dam R e s t o r a t i o n  Study 
OB NO. - E8_2-111 DATE - -A033-82- ---- -- 

GROUND WATER 

..... --- 

GS , , >" REMARKS 

LOG OF TEST PIT NO.- TP-33 

Backhoe Type C.G.....~.~.QC- - 
Location _ .... _-_--.-P- 

Elevatiorr-- 

Dalum.---.- 

VISUAL CLA~llFlCAllON 1 

I 0: 
h t l y  SILTY SAND 61 GRAVEL, o c c a s i o n a l  cob-  

b l e s  up t o  4" i n  d i a m e t e r ,  w e l l  
g r a d e d ,  n o n p l a s t i c  t o  v e r y  low p l a s -  

I t i c i t y ,  l i g h t  . brown .. 
I .- 

SILTY CLAY, some sand  61 f i n e  t o  medi-  
um g r a v e l ,  o c c a s i o n a l  p o c k e t  o f  medi-  

I um t o  h i g h  p l a s t i c i t y  c l a y  & o c c a -  
s i o n a l  pocke t  o f  c l a y e y  s a n d ,  weakly  
l ime  cemented below 5', m o d e r a t e l y  1 

I 5 s t r a t i f i e d ,  low p l a s t i c i t y ,  brown t o  
l i g h t  brown 

I 
.. .- .- - .. .... ...... ........ ..... ........ ....... . -. - -. - - - .- 

' I  . - I I 
I Stopped backhoe a t  7 ' 6 "  
1 

LOG OF TEST PIT NO. TP-34 -. 

I E  10-13-82 
Backhoe 7ype_---58OC 

. Location 

Elevation--- 

. Datum --- 
VISUAL CLASSIPICAIION -7 

EY S I L T ,  some sand 6 f i n e  g r a v e l ,  
low p l a s t i c i t y ,  brown 

......-..-....... - 
Y SAND & GRAVEL, w e l l  g r a d e d ,  
l a r  t o  s u b a n g u l a r ,  m o d e r a t e l y  

s t r a t i f i e d ,  n o n p l a s t i c  t o  v e r y  low 
p l a s t i c i t y ,  brown 

n o t e :  t e s t  p i t  w a l l s  caved  

..................... .. 

ILTY CLAY, s m a l l  amount of sand  & 
i n e  g r a v e l ,  weakly l ime  cemen ted ,  

medium p l a s t i c i t y ,  brown 
.. ........................................ 

. ......... ............. 

ped backhoe a t  7 ' 6 "  

SAMPLE TYPE 
0 - Undislurbed Block Sample - I  IERCENT, HAUSKINS 6 BECKWITH A-20 
D -- Disturbed Bulk Sample 1 B , CO*.UL""L so,, .*0 TO" D* I * . , * r l . L  - - s).Dr"l, . .L"Y."C.D"C . 1.*1. r <  



PROJECT M ~ ~ ~ ~ D a m K e ~ S t o ~ ~ _ c i o n S t u d ~ ~  LOG OF TEST PIT NO, - Tl,-3$ 
oe NO. ...a2- 111 DATE _ L 0 ~ 1 3 - 8 2  

GROLlND WATER 
B a c k h o e  Type C.3%eek8Jc 

.. Local ion. .  

... : . 
.......... - 

VISUAL CLASSIFICAllON 
........ -.... 

ons ide rab l e  g r a v e l ,  w e l l  
a r  t o  subangula r ,  moder- 
i e d ,  n o n p l a s t i c ,  brown 

n o t e :  wa l l  caving 

...-......... .,.. ......... 

some f i n e  s a n d ,  weakly 
lime cemented, low p l a s t i c i t y ,  l i g h t  

- ~ ...... ......... - ....................... ..,. 

-.&~-~3~l?l.--..-..-.-.... .---; 

LOG OF TEST PIT NO. 

I 
TP-36 -- 

.... 

B a c k h o e  T ~ ~ ~ _ ~ _ . C E L G P . - ~ ~ ~ C  

.. 

.... E l e v a t i o n  

Datum-- - -- - - - -- 
VISUAL CLAPSlfICAlION 

TY CLAY,'some sand & f i n e ,  a n g u l a r  
g r a v e l ,  weakly l ime cemented below 
l ' ,  medium p l a s t i c i t y ,  brown ................................ , 

v e r y  s l i g h t l y  CLAYEY GRAVEL 6 SAND,  some cobbles  
up t o  1 '  i n  d iamete r ,  w e l l  g raded ,  
angula r  t o  subangular ,  weakly l ime  
ceme-nted, moderately s t r a t i f i e d ,  
n o n p l a s t i c  t o  low p l a s t i c i t y ,  brown 

Stopped backhoe a t  7 '  

* 

SAMPLE TYPE 
8 - Undisturbed Block Sample 

E.*,"LIIWT ,D.. , O Y * o . i l O l  C Y I l Y . , " l  . . .I.U."I.OY< L..i.l ,? 

D - Disfurbed Bulk Sample 



-- McMicken ...... Dam Restoration Study . LOG OF TEST PIT NO. T P - 3 7  -__ 
oo NO. _.E82-111 .. DATE. -~O-&~_~L - e 

Backhoe Type-.-~ase-iBQC_ . . - i d  
GROUND WATER 

noun 1 DATE? Location.- ~~ ........... 
Elevation - - 

.. Davum - 

VISUAL CLASSlllCATlON -- 
SILTY CLAY, some sand & fine gravel, 
weakly lime cemented.helow 2 ' ;  medi- 
um plasticity, brown I 

d, 
..................... 

some cobbles, 
well graded, angular to subangular, 

ted, maderateLy 
c, light brown 

note: decrease in gravel 6 cobbles 
. -L- .. -. ................... - 

Stopped backhoe at 7'6" 

LOG OF TEST PIT NO. 

I 
*__---2 

TP-38 

Case 580C Backhoe Type 

. Location--._ 

Elevation.--_ . - . - 
Da turn-.. . 

VISUAL ClASSlFlCAlIGN 

SILT, low plasticity, brown 
. 

, considerable silt & sand, 
cobbles to 1%' in diameter, well 
graded, angular to subangular, stra- 
tified, nonplastic, brown 
note: wall caving 

......... ............. -- -. .- 

CLAYEY SAND & GRAVEL, considerable 
, angular to suban- 
, low plasticity, 

SAMPLE TYPE 
8 - Undislurbed Block Sample 

I 
& BECKWITH A-22 

D - Disturbed Bulk Sample .. . .OW" .............. ............................ 
- 4  - 



PKUJ~LI  L1l-ccrL=ken Dam Rss_ts_t~o~aL.i~~_tS__t_t~d~YYYY ' LOG bF TEST PIT NO. TP-39 .  
10-13-82 0 0  NO. -.&.8Lkud-- DATE 

Backhoe Typc @?!!~Ag& - 
.. Location 

Elevafion 

. Datum -- 
U A L  CLASSIFICATION -- 

, considerable sand & grav- 
. e l ,  weakly lime cemented below if' , 
medium plasticity, brown 

AND. some cobbles, 
well graded., angular to subangular, 
weakly Lime cemented, moderately 
stratified, nonplastic to very low 
lasticity, light brown 

Stopped backhoe at 6' 6"' 

- 

~- 

LOG OF TEST PIT NO;-- 
ST€ .. - 

GROUND WATER Backhoe Type 

..- .... Location-- ,.. - 
......... Elevation .- 

.. 

VISUAL CLUllFlCATION 

SAMPLE TYPE 
B - Unditrurbed Block Sample 

- 
.O"'"L,,  " 0  ~l)Y*D..IO" T"CI * .C" l  

o,,"*",* . .,m"o"<Rs"c . S.,,," r. 

SEAGENT, HAUSKINS & BECKWITH A-  2 3 
D - Dislurbed Bulk Sample 

-1 - 



McMicken Dam R e s t o r a t i o n  S t u d v  
M a r i c o p a  C o u n t y ,  A r i z o n a  
SIIB J o b  No. E 8 2 - I l l  

Log o f  T e s t  T r e n c h  TT-1 - 

S t a t i o n  4 6 7 4 2 5  
Downstream Toe 

Equipment Type :  C a s e  580C Backhoe 

T o t a l  Dep th  o f  T r e n c h :  1 0 . 5  f e e t  

O c t o b e r  1 9 ,  1 9 8 2  

D e s c r i p t i o n  -- 

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

C e m e n t a t i o n  P r o p e r t i e s  

Very  v e a k l y  l i m e  c e m e n t e d  

5 - 4 . 5  f e e t  C l a y e y  s a n d ,  h a r d ,  s l i g h t l y  m o i s t ,  c o n -  
s i d e r a b l e  s i l t  6 g r a v e l ,  well 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 ,  w e a k l y  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  i o n  P r o p e r t i e s  

M o d e r a t e l y  t o  s t r o n g l y  l i rne  c e m e n t e d ,  
a l l  s p a c e  b e t w e e n  g r a i n s  has b e e n  f i l l e d  
w i t h  cemen t  

4 . 5  - 10 .5  f e e t  S i l t y  s a n d ,  f i r m ,  s l l 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 lea r1  
s a n d  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 ~ l 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  

C e m e n t a t i o n  P r o g 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  o f  l ime c e m e n t e d  u n i t  a b o v e  
i n t o  t h i s  u n i t  



McMicken Dam R e s t o r a t i o n  S t u d y  
Maricopa County,  Arizona 
SHB J o b  No. E82-111 

Log of T e s t  Trench  TT-2 October  1 9 ,  1982 

S t a t i o n  4 3 5 + 0 0  
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth o f  T r e n c h :  1 1 . 0  f e e t  

Depth Description 
-- 

0 - 3 . 5  f e e t  S i l t y ,  s andy  c l a y ,  Firm t o  v e r y  f i r m ,  
s l i g h t l y  m o i s t ,  c o n s i d e r a b l e  g r a v e l ,  
medium 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 ime  cemented 

3 . 5  - 6 . 5  f e e t  S i l t y  c l a y ,  v e r y  f i r m ,  s l i g h t l y  m o i s t ,  
some sand  6 .Fine g r a v e l ,  medium p l a s -  
t i c i t y ,  brown 

Cemen ta t i on  P r o p e r t i e s  

hreakly t o  m o d e r a t e l y  l i m e  cemented 
t h r o u g h o u t  w i t h  o c c a s i o ~ ~ a l  n o d u l e s  t h a t  
have  been s t r o n g l y  cemented 

. ~ 

6 . 5  - 8 . 0  f e e t  T r a n s i t i o n  zone:  c l a y e y  s a n d ,  f i r m ,  
s l i g h t l y  m o i s t ,  c o n s i d e r a b l e  f i n e g r a v -  
e l ,  w e l l  g r a d e d ,  l o w p l a s t i c i t y ,  brown 

Cementat i o n  P r o p e r t i e s  -- 
G e n e r a l l y  weakly t o  m o d e r a t e l y  l i m e  c e -  
mented ,  w i t h  a  d e c r e a s e  i n  c e m e n t a t i o n  
w i t h  d e p t h  

8 . 0  - 2 1 . 0  f e e t  Sand F, c l a y e y  s a n d ,  m o d e r a t e l y  f i rm ,  
m o i s t ,  c o n s i d e r a b l e  f i n e ,  a n g u l a r  t o  ' 

s u h a n ~ 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 E i e d ,  n o n p l a s t i c  t o  low 
p l a s t i c i t y ,  brown 

I 
SERGENT, HAUSKINS & BECKWITH 

COVI"LT1NT G C O l C C * * I C I L  C N T l w C r " .  - - P*ot*Ix-.LamuCqouu. I*,,wrE -mu t,Xccln A - 4  2 
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McMiclcen Dam R e s t o r a t i o n  S tudy  
Maricopa County,  Ar i zona  
SHB J o b  No. E82-111 

Log of T e s t  Trench  - TT-2 ( C o n t ' d . )  October  1 9 ,  1982 

S t a t i o n  435+00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth of  T rench :  11 .0  f e e t  

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

Weakly c l a y  cemented w i t h  o c c a s i o n a l  
t h i n  l e n s e s  of l ime  cemen ta t ion  

8 - 9 f e e t  deep  i n t r u s i o n  of m o d e r a t e l y  t o  s t r o n g l y  
l i m e  cemented u n i t  i n t o  weakly c l a y  cemented u n i t .  

I 
1 SERGENT, HAUSKINS & BECKWITH -a CONSULTING CTOTECHNICAL KNOBMKERS A - 4 3  

-1 - PHO.HIX.*IB"o"lsOdE. SAWTAff .SUl L A G  crw 



McMicken D a m  R e s t o r a t i o n  S t u d y  
M a r i c o p a  C o u n t y ,  A r i z o n a  
SHB J o b  No. E82-111  

Log o f  T e s t  T r e n c h  TT-3 - O c t o b e r  1 9 ,  1982 

S t a t i o n  3 9 0 + 0 0  
Downstream Toe  

Equ ipment  Type:  C a s e  580C Backhoe 

T o t a l  D e p t h  o f  T r e n c h :  1 1 . 5  f e e t  

D e s c r i o t i o n  
PA-- 

0 - 3 .0  f e e t  Sandy  c l a y ,  f i r m  t o  h a r d ,  s l i g h t l y  
m o i s t ,  some t o  c o n s i d e r a b l e  g r a v e l ,  
medium t o  h i g h  p l a s t i c i t y ,  brown 

C e m e n t a t i o n  P r o p e r t i e s  

Weakly  l i m e  c e m e n t e d  i n  f i l a m e n t s  

3.0  - 4 . 0  f e e t  C l a y e y  s a n d ,  f i r m ,  s l i g l l t l y  m o i s t ,  c o n -  
s i d e r a b l e  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 ,  low p l a s t i c i t y ,  brown 

C e m e n t a t i o n  P r o p e r t i e s  -- 
Weakly  l i m e  cemented  w i t h  o c c a s i o n a l  
s o f t ,  weak ly  cemen ted  n o d u l e s  

4 . 0  - 7 . 5  f e e t  S i l t y  c l a y ,  v e r y  f i r m  t o  h a r d ,  m o i s t ,  
some s a n d y  c l a y  i n  p o c k e t s ,  medium t o  
h i g h  p l a s t i c i t y ,  hrown 

C e m e n t a t i o n  P r o p e r t i e s  -- 
O c c a s i o n a l  t h i n  f i l a m e n t s  o f  l i m e  cemen- 
t a t i o n  

7 . 5  - 9 . 0  f e e t  Sandy  c l a y ,  v e r y  f i r m ,  m o i s t ,  l ow t o  
medium p l a s t i c i t y ,  brown 

I 
1-1 SERGENJ. HAUSKINS BECKWITH 



McMicken Dam R e s t o r a t i o n  S tudy  
Maricopa County ,  Ar izona  
SIJR J01) N O .  E R 2 - I 1 1  

Log of T e s t  Trench T T - 3  ( C o n t ' d . )  October  1 9 ,  1982 

S t a t i o n  390+00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  n e p t h  of Trench:  1 1 . 5  f e e t  

Cementat ion P r o p e r t i e s  - 

Weakly l ime  cemented 

9 .0  - 1 1 . 5  f e e t  Clayey  s a n d ,  f i r m  t o  modera t e ly  f i r m ,  
m o i s t ,  c o n s i d e r a h l e  s i l t ,  c o n s i d e r a h l e  
g r a v e l  i n  l e n s e s ,  w e l l  g raded ,  a n g ~ ~ l a r  
t o  s u b a n g u l a r ,  s t r a t i f i e d ,  low t o  medi -  
um p l a s t i c i t y ,  brown 

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

Weakly c l a y  cemented,  o c c a s i o n a l  f i l a -  
ments  of l ime cemen ta t ion  

I 
I SERGENT, HAUSKINS & BECKWITH 

- .ON,"L.3.' ~ ~ 0 7 C C " ~ , ~ ' L  '"S'NF,.' A -  45 _ _ PIIOLNIX. LLBL.OYTIIOUI .SIHIII IS. SU-U-xc cln 
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McMicken Darn R e s t o r a t i o n  S t ~ ~ d y  
M a r i c o p a  C o u n t y ,  A r i z o n a  
SfID J o h  No. ER2-111 

Log o f  T e s t  Trcr lch  TT-4 - O c t o b e r  1 9 ,  1982 

S t a t i o n  345+00  
Downstream Toe 

Equipment  T y p e :  C a s e  5ROC Backhoe 

T o t a l  D e p t h  o f  T r e n c h :  1 1 . 5  f e e t  

Depth I l e sc r  iEi -- o n  

0 - 5.0  f e e t  Sandy  s i l t ,  f i r m  t o  m o d e r a t e l y  f i r m ,  
s l i g h t l y  m o i s t  t o  d r y ,  some c l a y ,  s m a l l  
amount  o f  g r a v e l ,  l o w  p l a s t i c i t y ,  I i g h t  
brown 

C e m e n t a t i o n  P r o p e r t i e s  -. 
V e r y  w e a k l y  l i m e  cemented .  

5 . 0  - 9 . 0  f e e t  C l a y e y  s a n d ,  f i r m ,  m o i s t ,  some g r a v e l  
i n  l e n s e s ,  i i 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 ,  l o w  t o  m e d i u m  p l a s t i c i t y ,  
r e d d i s h - b r o w n  

C e m e n t a t i o n  P x e r t i e s  - .  

No c e m e n t a t i o n  

. O  - 1 0 . 5  f e e t  S i l t y  c l a y ,  v e r y  f i r m ,  m o i s t ,  c o n -  
s i d e r a b l c  f i n e  s a n d ,  low t o  medium 
p l a s t i c i t y ,  brown 

C e m e n t a t i o n  P z e r t i e s  

O c c a s i o n a l  t h i n  f i l a m e n t s  of l i m e  cemen- 
t a t i o n  

1 0 . 5  - 1 1 . 5  f e e t  S i l t y  s a n d ,  f i r m ,  m o i s t ,  some g r a v e l ,  
s m a l l  amount  of  c l a y ,  p r e d o m i n a n t l y  

I (mI SERGENT, HAUSKINS & BECKWITH 



McMjcken D ~ I I I  R e s t o r a t i o n  S t ~ i d y  
Maricopa County ,  Arizona 
SHU Job  No. '282-111 

Log of T e s t  Trench  T T - 4  ( C o n t ' d . )  October  1 9 ,  1982 

S t a t i o n  345+00 
Downstream Toe 

Equipment Typc: Case 580C Ilacklloe 

T o t a l  Depth of T r e n c h :  1 1 . 5  f e e t  

10 .5  - 11.5 f e e t  f i n e  t o  medium g r a i n e d ,  n o n p l a s t i c  t o  
low p l a s t i c i t y ,  brown 

Cementa t ion  P r x e r  - t i e s  

No c e m e n t a t i o n  

I 
SERGENT. HAUSKINS & BECKWITH 



McMicken Dam R e s t o r a t i o n  S t u d y  
Maricopn County,  Ar i zona  
SllD Job No. ERZ-111 

LOLO£ T e s t  Trench  TT-5 - - October  1 9 ,  198'2 

S t a t i o n  290+00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

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

I)epth, -- D c s c r i E i o n  - 

0  - 6 . 0  f e e t  S i l t y  c l a y ,  v e r y  f i r m  t o  h a r d ,  s l i g l l t l y  
m o i s t ,  some s a n d ,  s m a l l  amount of f i n e  
g r a v e l ,  medium p l a s t i c i t y ,  brown t o  

. l i g h t  brown 

Cemen ta t i on  - P r o p e r t i e s  

Weakly l i m e  cemented t h r o u g h o u t ,  occa -  
s i o n a l  s o f t  t o  h a r d  cemented n o d u l e s ,  
m o t t l e d  l i g h t  g r a y  and brown a p p e a r -  
ance  due t o  c e m e n t a t i o n  

6 . 0  - 10.5  f e e t  S i l t y  s a n d ,  f i r m  t o  v e r y  f i r m ,  m o i s t ,  
c o n s i d e r a b l e  g r a v e l  below 9  f e e t ,  some 
c l a y ,  p r e d o ~ n i n n n t l ) .  f i n e  t o  medium 
g r a i n e d  w i t h  some w e l l  g r aded  l e n s e s ,  
a n g u l a r  t o  s u b a n g u l a r ,  low p l a s t i c i t y ,  
g r a y  t o  brown 

Cemen ta t i on  P r o p e r t i e s  

Weakly c l a y  cemented 



McMicken Dam R e s t o r a t i o n  S t u d y  
Maricopa C o ~ i n t y ,  Ar i zona  
SHA J o b  No. E82-311 

Log of T c s t  Trench  TT-6 - October  1 9 ,  1982  

S t a t i o n  243+00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth o f  T rench :  9 .0  f e e t  ( r e f u s a l )  

D e s c r i p t i o n  -- 

0  - 2.0 f e e t  S i l t y  c l a y ,  f i r m ,  m o i s t ,  some s a n d ,  
medium p l a s t i c i t y ,  brown 

Cemen-erties -- 
No c e m e n t a t i o n  

2 . 0  - 3 . 5  f e e t  S i l t y  6 c l a y e y  s a n d ,  f i r m  t o  ve ry  f i r m ,  
s l i g h t l y  m o i s t ,  sma l l  amount of f i n e  
g r a v e l ,  w e l l  g r a d e d ,  medium t o  low p l a s -  
t i c i t y ,  brown t o  l i g h t  brown 

Cemen ta t ion  P r o p e r t i e s  -- 

Very weakly  l ime cemented 

3 , s  - 9 . 0  f e e t  S i l t y  c l .ay,  v e r y  h a r d ,  s l i g h t l y  m o i s t ,  
some sand  4 g r a v e l ,  medium p l a s t i c i t y ,  
g r a y  

Cementa t i  on 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 ime  cemented 
t h r o u g h o u t ,  s i m i l a r  t o  s o f t  r o c k  i n  
c h a r a c t e r  

1 -' - I 
SERGENT, HAUSKINS & BECKWITH 
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McMicken Dam Restoration Study 
Maricopa County, Arizona 
SHB Job NO. E82-111 

2 - 3 feet deep contact'between uncemented 
soils & underlying cemented soils. 

1 

-P: SERGENT, HAUSKINS & BECKWITH 
C O ~ G . . ? , M O  GCOTSC... C A L  ~ r ' e s  A-  5 0 
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h4cMickcn Ilnm R e s t o r a t i o n  S tudy  
Maricopa County,  Ar i zona  
SIiD Job  N O .  E82-111 

S t a t i o n  1 8 5 c 0 0  
Dolinstream Toe 

Equipment Type: Case 580C Rackhoe 

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

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

0 - 2 . 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 
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  subangu-  
l a r ,  n o n p l a s t i c  t o  v e r y  low p l a s t i c i t y ,  
l i g h t  brown 

C e n ~ e n t a t i o n  P r o p e r t i e s  

No c e m e n t a t i o n  

2 . 5  - 10 .5  f e e t  Clayey  s i l t ,  f i r m  t o  h a r d ,  s l i g h t l y  
m o i s t ,  s i l t y  c l a y  i n  t h i n  l e n s e s ,  o c c a -  
s i o n a l  p o c k e t s  of s i l t y  s a n d ,  low t o  
medium p l a s t i c i t y ,  l i g h t  brown 

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

Weakly l ime  cemented above  7 . 5  f e e t ,  
weakly t o  m o d e r a t e l y  l i m e  cemented below 
7 . 5  f e e t ,  cement f i l a m e n t s  a r e  ahundan t  
i n  p l a c e s  and a b s e n t  i n  o t h e r  p l a c e s  

I 
- - I SERGENT, HAUSKINS & BECKWITH 
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McMicken Dam R e s t o r a t i o n  S t u d y  
Mar icopa  C o u n t y ,  A r i z o n a  
SHB J o b  No. E 8 2 - 1 1 1  

Log o f  T o s t  T r e n c h  - TT-8 O c t o b e r  2 0 ,  1.982 

S t a t i o n  135+00  
Downstream Toe 

Equipment Type: Case  580C Backhoe 

T o t a l  D e p t h  of T r e n c h :  9 . 5  f e e t  ( r e f u s a l )  

D e p t h  D e s c r i p t i o n  - 
O - 6 . 0  f e e t  S i l t y  s a n d  G g r a v e l ,  l o o s e ,  s l i g h t l y  

m o i s t ,  w e l l  g r a d e d ,  a n g u l a r  t o  s u h a n -  
g u l a r ,  s t r a t i f i e d ,  n o n p l a s t i c ,  l i g h t  
brown,  c o n s i d e r a b l e  c a v i n g  w i t h i n  t h i s  
u n i t  

C e m e n t a t i o n  P r o p e r t i e s  

No c e m e n t a t i o n  

6 . 0  - 9 . 5  f e e t  S i l t y  c l a y ,  h a r d ,  s l i g h t l y  m o i s t ,  some 
s a n d ,  low t o  medium p l a s t i c i t y ,  brown 

C e m e n t a t i o n  P r o ~ r t i e s  - 
Weakly t o  m o d e r a t e l y  l i m e  c e m e n t e d  
t h r o u g h o u t  i n  l o n g ,  t h i n  f i l a m e n t s  a n d  
i n  s m a l l ,  s o f t  n o d u l e s  

I 
- - I SERGENT, HAUSKINS & BECKWITH 

'ollLULTl,,T " C O T T L * N I C * L  c*'I*r..s _ - P*owx.*cOmuE.ouE . s h N I A  i s .  smunctrr A- 5 2 
I 



McMicken Dam R e s t o r a t i o n  Study 
Mar icopa  County,  Ar izona  
SHB Job N O .  E 8 2 - 1 1 1  

of T e s t  Trench - TT-9 -- October  20, 1982 

S t a t i o n  85+00 
Downstream Toe 

Equipment Type: Case 580C Rackhoe 

T o t a l  Depth of Trench:  11 .5  f e e t  

U e s c r i p t i o n  

0 - 1 1 . 5  ' f e e t  S i l t y  sand  $ g r a v e l ,  l o o s e ,  s l i g h t l y  
m o i s t ,  o c c a s i o n a l  i n t e r b e d d e d  l e n s e s  of 
v e r y  f i r m  t o  hard  s i 1 . t  $ s j .1 ty  c l a y ,  
some c o b b l e s  t o  2 f e e t  i n  d i a m e t e r , ,  w e l l  
g r aded  wi th  some p o o r l y  graded  l e n s e s ,  
a n g u l a r  t o  s u h a n g u l a r ,  s t r a t i f i e d ,  non-  
p l a s t i c  t o  low p l a s t i c i t y ,  l i g h t  brown, 
c o n s i d e r a b l e  c a v i n g  w i t h i n  t h e  upper  8  
f e e t  of t h i s  u n i t  

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

Below 8 f e e t ,  t h e  l e n s e s  of f i n e  g r a i n e d  
m a t e r i a l  a r e  weakly l i m e  cerncnted; below 
10  f e e t ,  t h e  l e n s e s  of c o a r s e  g r a i n e d  
m a t e r i a l  a r e  a l s o  weakly l ime  cemented 

I 
SERGENT, HAUSKINS & BECKWITH 

C O " 5 Y L T I " C  Y C D , T C I ( I I I C * L  c1(cI".Cmh 
s*oeN,x-Neuournour s * N w r r .  1x7 u ~ r c m  A - 5 3  
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VcMicken Da~n R e s t o r a t i o n  S tudy  
Maricopa County,  Arizona 
SlIB J o b  No. E82-111 

Log of T e s t  Trench TT-10 -- October  2 0 ,  1982 

S t a t i o n  110+00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth of  Trench:  6 . 5  f e e t  ( r e f u s a l )  

Depth D c s c r i ~ t i m l  - 

0 - 2 . 5  f e e t  C layey ,  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 f i n e  g r a v e l ,  p r e d o m i n a n t l y  
f i n e  g r a i n e d ,  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  - 
No c e m e n t a t i o n  

2.5 - 3.5 f e e t  2 i nch  cap  of sandy g r a v e l  over  a s andy  
s i l t ,  ha rd  t o  E i r m ,  s l i g h t l y  m o i s t ,  low 
p l a s t i c i t y ,  l i g h t  brown 

Cementa t ion  P r o p e r t i e s  -- 
Sandy g r a v e l  c a p  i n  modera t e ly  l ime  
c e m e n t a t i o n ;  sandy  s i l t  i s  weakly l i m e  
cemented t h r o u g h o u t  

3 . 5  - 5 . 5  f e e t  Clayey sand g r a v e l ,  h a r d ,  s l i g h t l y  
m o i s t ,  well g r a d e d ,  a n g u l a r  t o  subangu-  
l a r ,  s t r a t i f i e d ,  low p l a s t i c i t y ,  l i g h t  
brown 

Cementa t ion  P r o p e r t i e s  - - 
Modera t e ly  l ime  cemented t h r o u g h o u t ,  
s o i l s  a r e  p a r t i a l l y  c o a t e d  and t h e r e  
a r e  t h i n  f i l a m e n t s  f, sma l l  n o d u l e s  of 
s o f t  l i m e  c e m e n t a t i o n  

I 
- - 1  SERGENT, HAUSKINS & BECKWITH 

c o N s u l l l n i  TrLoTTCIINIC*L P H C I H L T R S  - - . WI~~GNIX.I~BUOUIROUI.BANI*~T.BILTUKICIW A-54 
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McMicken Dam Restoration Study 
Maricopa County, Arizona 
SHB Job NO. E82-111 

Log of Test Trench TT-10 (Cont'd.) October 20, 1982 

Station 110t00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 
Total Depth of Trench: 6.5 feet (refusal) 

Depth Description 

5.5 - 6.5 feet Silty clay, hard, slightly moist, medium 
plasticity, brown 

Cementation Properties 
Moderately to highly lime cemented 
throughout, mottled appearance from 
small nodules of soft lime cementation 

Samples from 6 - 6.5 feet deep. Samples of moderately' 
to strongly lime cemented silty clay. Mottled 

appearance due to small nodules of soft lime cement. 



McMicken Dam R e s t o r a t i o n  S t u d y  
M a r i c o p a  C o u n t y ,  A r i z o n a  
SHB J o b  N O .  E R Z - 1 1 1  

Log o f  T e s t  T r e n c h  T T - I 1  O c t o b e r  2 0 ,  1982 

S t a t i o n  1 6 0 t 0 0  
D o w n s t r e a a  Toe  

Equipment  Type:  C a s e  580C Backhoe  

T o t a l  Dep th  o f  T r e n c h :  9 . 5  f e e t  

D e s c r i p t i o n  

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

C e m e n t a t i o n  P r o p e r t i e s  - 
No c e m e n t a t i o n  

1 . 5  - 3 . 5 f e e t  S i l t y  c l a y ,  f i r m ,  s l i g h t l y  m o i s t ,  some 
f i n e  s a n d ,  t r a c e  o f  f i n e  g r a v e l ,  medium 
p l a s t i c i t y ,  brown 

C e m e n t a t i o n  - .. -- P r o p e r t i e s  

Weakly l i m e  c e m e n t e d  t h r o u g h o u t  a s  f i n e  
f i l a m e n t s  & s m a l l  v u g s ;  & n e a r  v e r t i c a l  
f i s s u r e s  a s  a c o a t i n g  

3 . 5  - 4 . 5  f e e t  Sandy  s i l t ,  s o f t ,  d r y ,  some f i n e  t o  
medium g r a i n e d  s a n d  i n  t h i n  l e n s e s ,  n o n -  
p l a s t i c  t o  low p l a s t i c i t y ,  t a n  

C e m e n t a t i o n  P r o p e r t i e s  - 
No c e m e n t a t i o n  

4 . 5  - 9 . 5  f e e t  Sandy  c l a y ,  h a r d ,  s l i g h t l y  m o i s t ,  l o w  t o .  
medium p l a s t i c i t y ,  brown 

I 
SERGENT, HAUSKINS & BECKWITH 

COrtSULTIHG G L O T l C n l l l C I L  ENOlHrE I IS  
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McMickcn Dam R e s t o r a t i o n  S tudy  
Maricopa County,  Ar i zona  
SHB J o b  No. E 8 2 - I l l  

Log of T e s t  Trench  T T - 1 1  - ( C o n t ' d . )  October  20, 1982 

S t a t i o n  160i00  
Downstream Toe 

Equjpment Type: Case 580C Backhoe 

T o t a l  Depth of  Trench:  9 . 5  f e e t  

Cementat ion P r o ~ e r t i e s  -- 
Modera te ly  l i m e  cemented t h r o u g h o u t ,  
p redominan t ly  a s  v e i n l e t s  & t h i n  f i l a -  
ments  

I 
SERGENT. HAUSKINS & BECKWITH 
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McMicken Dam R e s t o r a t i o n  S t u d y  
Mar icopa  C o u n t y ,  A r i z o n a  
S13R J o b  No. E82-111 

L o 3  - oE T e s t  T r e n c h  TT-12 O c t o b e r  2 0 ,  1982 

S t a t i o n  2 1 0 + 0 0  
Downs t r earn Toe 

Equ ipment  Type:  C a s e  580C Backhoe  

T o t a l  U e p t h  o f  T r e n c h :  9 . 5  f e e t  

Uepth U e s c r  i u  -- 
0 - 3 . 5  f e e t  S i l t y  G c l a y e y  s a n d s ,  m o d e r a t e l y  f i r m  t o  

f i r m ,  s l i g h t l y  m o i s t ,  some f i n e ,  s u b a n -  
g u l a r  g r a v e l ,  w e l l  g r a d e d ,  n o n p l a s t i c  
t o  low p l a s t i c i t y ,  brown 

C e m e n t a t i o n  P r o p e r t i e s  

No c e m e n t a t i o n  

3 . 5  - 5 . 5  f e e t  S i l t y  s a n d  & g r a v e l ,  h a r d ,  d r y ,  c o n s i d -  
e r a b l e  c o b b l e s  f r o m  4 . 5  t o  5 . 5  f e e t ,  
g a p  g r a d e d ,  s u l > a n g u l a r  t o  s u b r o u n d e d ,  
n o n p l a s t i c ,  l i g h t  g r a y  t o  w h i t e  

C e m e n t a t i o n  P r o p e r t i e s  - 

Weakly  t o  m o d e r a t e l y  lime c e m e n t e d ,  
c e m e n t a t i o n  o c c u r s  i n  t h e  c l a y e y  s i l t  
m a t r i x ,  i n  a r e a s  where  m a t r i x  i s  miss- 
i n g ,  c e m e n t a t i o n  i s  a l s o  m i s s i n g  

5 .5  - 9 . 5  f e e t  S i l t y  s a n d  6 g r a v e l ,  l o o s e ,  d r y ,  w e l l  
g r a d e d ,  s u b a n g u l a r ,  c r u d l y  s t r a t i f i e d ,  
n o n p l a s t i c ,  g r a y  

C e m e n t a t i o n  P r o p e r t i e s  -- 
No c e m e n t a t i o n  f rom 5 . 5  t o  8 . 5  f e e t ,  
weakLy l i m e  cement'ecl be low 8 . 5  f e e t  

I - ;  SERGENT, HAUSKINS & BECKWITH 
I CONLUCTINE 0 T O T T C " N I C A L  T I < T l l # < L R I  
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McMicken Dam R e s t o r a t i o n  S t u d y  
M a r i c o p a  C o u n t y ,  A r i z o n a  
SHB J o b  No:E82-111 

Log o f  T e s t  T r e n c h  TT-13 O c t o b e r  20 ,  1982  

S t a t i o n  265+00 
Downstream Toe 

Equipment Type:  C a s e  580C Backhoe 

T o t a l  Depth  o f  T r e n c h :  1 0 . 5  f e e t  

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

0 - 4 . 5  f e e t  S i l t y  s a n d ,  s o f t  t o  m o d e r a t e l y  f i r m ,  
s l i g h t l y  m o i s t ,  some g r a v e l ,  8  i n c h  
s a n d y  g r a v e l  l e n s  a t  t h e  b a s e  of t h i s  
u n i t ,  p r e d o m i n a n t l y  f i n e  g r a i n e d ,  w e l l  
g r a d e d ,  b o t t o m  8 i n c h e s  c ruc l ly  s t r a t i -  
f i e d ,  n o n p l a s t i c  t o  low p l a s t i c i t y ,  
brown 

C e m e n t a t i o n  - P r o p e r t i e s  

S m a l l  amount .of  lime c e m e n t a t i o n  o c c u r s  
a s  a  c o a t i n g  on  some o f  t h e  c o a r s e  
g r a i n e d  m a t e r i a l  

4 .5  - 7 . 5  f e e t  S i l t y  c l a y ,  v e r y  f i r m  t o  h a r d ,  m o i s t ,  
c o n s i d e r a h l e  f i n e  s a n d ,  medium p l a s t i c -  
i t y ,  l i g h t  r e d d i s h - b r o w n  

Cementation P r o p e r t i e s  

Weakly l i m e  c e m e n t e d  by t h i n  f i l a m e n t s  
6 c o a t i n g s  on f r a c t u r e  s u r f a c e s  

7 . 5  - 1 0 . 5  f e e t  C l a y e y  s a n d ,  h a r d ,  s l i g h t l y  m o i s t ,  some 
f i n e ,  s u b a n g u l a r  g r a v e l ,  w e l l  g r a d e d ,  
medium p l a s t i c i t y ,  l i g h t  t a n .  

C e m e n t a t i o n  P r o p e r t i e s  

M o d e r a t e l y  l i m e  c e m e n t e d  t h r o o g h o u t  , 
m o t t l e d  a p p e a r a n c e  d u e  t o  c e m e n t a t i o n  

I 
SERGENT, HAUSKINS & BECKWlTH 

C O R Z U L , ~ N O  C E O T E C H ~ # C A L  E W G # N . C + ~  A-59 
P*OII IX.*LBUO"IROUC. SAHT* w .  I*ll U X L C r n  
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McMicken Dam R e s t o r a t i o n  S t u d y  
Mar icopa  County,  Ar izona  
SMB J o b  No. E82-111 

Log 05 T e s t  Trench T T - 1 4  - 

. S t a t i o n  315+00 
Downstream. Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth of Trench:  1 0 . 0  f e e t  

October  2 0 ,  1982 

Descr im --- 
0 - 1 .5  f e e t  S i l t y  s a n d ,  s o f t ,  s l i g h t l y  m o i s t ,  t r a c e  

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

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

No c e m e n t a t i o n  

1 . 5  - 10.0 f e e t  Clayey s a n d ,  m o d e r a t e l y  f i r m  t o  h a r d ,  
s l i g h t l y  m o i s t , .  some g r a v e l ,  w e l l  
g r aded ,  s t r a t i f i e d ,  medium p l a s t i c i t y ,  
reddish-brown 

Cementa t ion  P r o p e r t i e s  - 
From 1 . 5  t o  6 f e e t ,  t h e r e  i s  weak l i m e  
c e m e n t a t i o n  t h r o u g h o u t ,  t h e r e  a r e  mod- 
e r a t e l y  t o  s t r o n g l y  cemented n o d u l e s  up 
t o  1 . 5  i n c h e s  i n  d i ame te r  above 3  f e e t ,  
6 a  s t r a t i E i c a t i o n  of c e ~ n e n t a t i o n  from 
3 t o  6 f e e t ,  from 6 t o  7 f e e t  t h e r e  i s  
no c e m e n t a t i o n  F, below 7 f e e t  t h e r e  i s  
weak l i m e  c e m e n t a t i o n  

I 
SERGENT, HAUSKINS 11 BECKWITH 

LO" ' lYLTIU0  GSOTSCYNICLL  lNrlnFrl la _ _ .YDTN,".*LB"OY.I IO"P.SIHI I~L.S*L1 U l L E l W  A- 60 
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McMicken Dam Restoration Study 
Maricopa County, Arizona 
SHB Job NO. E B 2 - 1 1 1  

1.5 - 3  feet moderately to strongly lime 
cemented nodules in clayey sand. 

4 
I SERGENT, HAUSKINS & BECKWITH 

CONSULT~NC ETOTTCHNtCIL  LNT3NCERS A-  6 :  I 
PHOENIX~ALBVOULROYE .SAW. re .SALT WIEEIV 
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McMicken Dam R e s t o r a t i o n  S tudy  
Maricopa County,  Ar i zona  
SNA Job  N O .  E 8 2 - 1 1 1  

Log of T e s t  Trench TT-1.5 

S t a t i o n  302t50 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth of T rench :  10 .5  f e e t  

Depth 

October 2 2 ,  J982 

D e s c r i p t i o n  

0  - 3.0 f e e t  S i l t y  c l a y ,  f i r m  t o  v e r y  f i r m ,  m o i s t ,  
c o n s i d e r a b l e  s a n d ,  medium p l a s t i c i t y ,  
brown 

Cemen ta t ion  P r o p e r t i e s  

Weakly l ime  cemented below 2 f e e t ,  p r e -  
dominan t ly  i n  f i l a m e n t s  

3.0 - 6 . 5  f e e t  Clayey  sand ,  h a r d ,  s l i g h t l y  m o i s t ,  some 
f i n e  t o  medium, s u b a n g u l a r  g r a v e l ,  w e l l  
g r a d e d ,  low p l a s t i c i t y ,  l i g h t  brown t o  
g r a y  

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

Modera t e ly  l i m e  cemented th roughou t  

6 . 5  - 10.5  f e e t  S i l t y  s and ,  h a r d ,  s l i g l l t l y  m o i s t ,  con-  
s i d e r a b l e  f i n e  t o  medium, s u b a n g u l a r  t o  
subrounrled g r a v e l  i n  l e n s e s ,  p r e -  
dominan t ly  w e l l  g r aded ,  s t r a t i f i e d ,  
n o n p l a s t i c  t o  low p l a s t i c i t y ,  r e d d i s h -  
brown 

Cemen ta 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 ,  s m a l l  
amount of l ime  c e m e n t a t i o n  i n  v e i n l e t s  

I 
- - 1  SERGENT, HAUSKINS & BECKWITH 

CONSULT,NG O E O T E C ~ I G A L  E ~ ~ ~ C N F E R S  A- 62 
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McMicken Dam R e s t o r a t i o n  S t u d y  
Maricopa County,  Ar izona  
SHB Job N O .  E 8 2 - I l l  

Log of T e s t  Trench  TT-16 - 

S t a t i o n  330+00 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth of T r e n c h :  1 0 . 5  f e e t  

October  2 2 ,  1982 

D e s c r i p t i o n  -- 

0 - 5 .0  f e e t  S i l t y  c l a y ,  v e r y  f i r m  t o  h a r d ,  s l i g h t l y  
m o i s t  t o  m o i s t ,  c o n s i d e r a b l e  f i n e  s a n d ,  
s m a l l  amount of f i n e  g r a v e l ,  medium 
p l a s t i c i t y ,  brown 

Cemen ta t ion  P r o p e r t i e s  

Weakly l i m e  cemented below 1 f o o t ,  some 
s t r o n g l y  cemented n o d u l e s  below 3 .5  
f e e t ,  m o t t l e d  appea rance  due t o  n o d u l e s  
& s o f t  b l o t c h e s  of l i m e  c e m e n t a t i o n  

5 . 0  - 6 . 0  f e e t  C layey  s a n d ,  h a r d ,  m o i s t ,  c o n s i d e r a b l e  
g r a v e l ,  p r e d o m i n a n t l y  f i n e  t o  medium 
g r a i n e d ,  weakly s t r a t i f i e d ,  low t o  medi- 
um p l a s t i c i t y ,  l i g h t  brown 

Cemen ta t ion  P r o p e r t i e s  

M o d e r a t e l y  l i m e  cemented t h r o u g h o u t  

6 . 0  - 10.5 f e e t  S i l t y  s a n d ,  l o o s e  t o  h a r d ,  m o i s t  t o  
s l i g h t l y  m o i s t ,  c o n s i d e r a b l e  g r a v e l  i n  
l e n s e s ,  o c c a s i o n a l  l e n s e s  o f '  c l e a n ,  
l o o s e  s a n d s ,  p r e d o m i n a n t l y  w e l l  g r a d e d ,  
w i t h  l e n s e s  of p redominan t ly  f i n e  6 
f i n e  t o  medium g r a i n e d  s a n d ,  s t r a t i f i e d ,  
n o n p l a s t i c  t o  low p l a s t i c i t y ,  l i g h t  
brown 

I 
SERGENT, HAUSKINS & BECKWITH 
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McMicken Dam R e s t o r a t i o n  S tudy  
Maricopa County ,  A r i z o n a  
SMB Job  No. E82-111 

Log of T e s t  T rench  TT-16 ( C o n t ' d . )  October  2 2 ,  1982 

S t a t i o n  330+00  
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth o f  T rench :  10.5 f e e t  

Cemen ta t ion  P r o p e r t i e s  

Most of t h i s  u n i t  i s  weakly c l a y  
cemented ,  t h e r e  i s  some weak l i m e  
c e m e n t a t i o n  between 6 and R f e e t ,  G 
t h e r e  a r e  l e n s e s  w i t h o u t  any c e m e n t a t i o n  

I 
- - I SERGENT, HAUSKINS & BECKWITH 
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McMicken Dam R e s t o r a t i o n  S tudy  
Mar icopa  County ,  Ar i zona  
SHB J o b  N O .  E82-111 

Log of T e s t  T rench  1'T-17 - October  2 2 ,  1982 

S t a t i o n  362t85  
Downstream Toe 

~ ~ u i p n ~ e n t  Type: Case 580C Backhoe 

T o t a l  Depth o f  T r e n c h :  11.0 f e e t  

0 - 5 . 5  f e e t  S i l t y  c l a y ,  v e r y  f i r m ,  s l i g h t l y  m o i s t ,  
some s a n d ,  t r a c e  of f i n e  g r a v e l ,  medium 
p l a s t i c i t y ,  brown t o  l i g h t  brown 

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

Weakly l ime  cerncnted from 1 t o  3.5 f e e t ,  
m o d e r a t e l y  l i m e  cemented below 3 . 5  f e e t ,  
a l l  c e m e n t a t i o n  i n  t h i n  f i l a m e n t s  

5 . 5  - 11.0  f e e t  Clayey  s a n d ,  l o o s e  t o  h a r d ,  s l i g h t l y  
m o i s t ,  c o n s i d e r a b l e  g r a v e l  i n  l e n s e s ,  
o c c a s i o n a l  l e n s e s  of c l e a n  sand  t; s i l t y  
s a n d ,  p r e d o ~ n i n a n t l y  w e l l  h r a d e d ,  a n g u l a r  
t o  s u b a n g u l a r ,  s t r a t i f i e d ,  n o n p l a s t i c  t o  
low p l a s t i c i t y ,  r edd i sh -b rown  

Cemen ta t ion  P r o p e r t i e s  

Weakly t o  m o d e r a t e l y  c l a v  cemented 
t h r o u g h o u t  most of t h e  u n i t ,  some weak 
l ime c e m e n t a t i o n  from 5.5 t o  7 f e e t ,  
some uncemented l e n s e s  t h roughou t  

I 
- - 1  SERGENT, HAUSKINS 6 BECKWITH 
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McMicken Dam Restoration Study 
Maricopa County, Arizona 
SIiB Job NO. B82-111 

3 - 4 feet deep. Silty clay with 
filaments of lime cementation. 

SERGENT, HAUSKINS & BECKWITH 



McMicken Dam R e s t o r a t i o n  S tudy  
Maricopa County,  Ar izona  
SMB Job  N O .  E82-111 

Log O F  T e s t  Trench  TT-18 Oc tobe r  2 2 ,  1982 

S t a t i o n  375+20 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  i )epth of  ~ r e n c h :  10 .5  f e e t  

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

0  - 6.0  f e e t  S i l t y  c l a y ,  f i r m  t o  h a r d ,  s l i g h t l y  
m o i s t ,  c o n s i d e r a b l e  s a n d ,  some f i n e  
g r a v e l ,  medium t o  low p l a s t i c i t y ,  brown 
t o  l i g h t  brown 

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

Weakly l i m e  cemented below 2 . 5  f e e t ,  
o c c a s i o n a l  m o d e r a t e l y  h a r d  t o  h a r d  l ime  
cemented n o d u l e s  

6 . 0  - 7.5  f e e t  Clayey  sand  g r a v e l ,  h a r d ,  s l i g h t l y  
m o i s t ,  w e l l  g r a d e d ,  s u b a n g u l a r ,  weakly  
s t r a t i f i e d ,  low p l a s t i c i t y  t o  n o n p l a s -  
t i c ,  r edd i sh -b rown  

Cementa t ion  P r e t i  -- e s  

Modera t e ly  l ime  cemented,  some c l a y  c e -  
m e n t a t i o n  a l s o  

7.5 - 10.5  f e e t  Sandy c l a y ,  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 ,  some c l a y e y  s a n d  i n  
p o c k e t s ,  weakly s t r a t i f i e d ,  low t o  medi -  
um p l a s t i c i t y ,  l i g h t  r e d d i s h - b r o w n  

Cementa t ion  P r o ~ r t i e s  -- 
Modera t e ly  l i m e  cemented t h r o u g h o u t ,  
w i t h  o c c a s i o n a l  s o f t  l i m e  n o d ~ ~ l e s  g i v i n g  
a  m o t t l e d  a p p e a r a n c e  

I 
- - I SERGENT, HAUSKINS & BECKWITH 
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McMicken Dam R e s t o r a t i o n  S tudy  
Maricopa County ,  Ar izona  
SHD Job  N O .  E82-111 

Log oE T e s t  Trench - TT-19 October  2 2 ,  1 9 8 2  

S t a t i o n  412,+50 
Downstream Toe 

Equipment Type:  Case 580C Backhoe 

T o t a l  Depth of T rench :  10.5 f e e t  

Depth D e s c r i p t i o n  - 
0 - 2.0 f e e t  Sandy c l a y ,  f i r m ,  s l i g h t l y  m o i s t ,  

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

W e r t i e s  -- 
No c e m e n t a t i o n  

2 .0  - 3 . 5  f e e t  S i l t y  c l a y ,  v e r y  F i rm,  m o i s t ,  some s a n d ,  
medium t o  h igh  p l a s t i c i t y ,  dark brown 

Cemen ta t ion  P r o p e r t i e s  

Very weakly l ime  cemented 

3 . 5  - 8.0 f e e t  Clayey  sand ,  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 andy  c l a y  i n  p o c k e t s ,  some 
f i n e  t o  medium, s u b a n g u l a r  g r a v e l ,  p r e -  
dominan t ly  f i n e  t o  medium g r a i n e d ,  low 
t o  medium p l a s t i c i t y ,  brown t o  l i g h t  
brown 

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

Modera t e ly  l i m e  cemented t h r o u g h o u t ,  
w i t h  o c c a s i o n a l  m o d e r a t e l y  t o  s t r o n g l y  
cemented n o d u l e s  g i v i n g  a  m o t t l e d  ap -  
p e a r a n c e  

I SERGENT, HAUSKINS & BECKWITH 
l r n ,  - 1  COll.YLTI"G GEOTECI IN ICAL E N G I H L C I S  - , PnOEIIIX.ALOUOULIUYE .SANTA S L .  S * Y U I L C l h  
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McMicken Dam R e s t o r a t i o n  S tudy  
Maricopa County,  Ar i zona  
SHB Joh No. E82-111 

Log of T e s t  Trench  TT-19 ( C o n t ' d . )  

S t a t i o i ~  412t50 
Downstream Toe 

Equipment Type: Case 580C Backhoe 

T o t a l  Depth of  T rench :  10 .5  f e e t  

Depth 

October  2 2 ,  1982 

D e s c r i p t i o n  

8 . 0  - 10.5 f e e t  Clayey  s a n d ,  medium t o  l o o s e  t o  h a r d ,  
s l i g h t l y  m o i s t ,  c o n s i . d e r a h l e  s i l t y  sand  
i n  l e n s e s ,  some l e n s e s  of c l e a n  s a n d ,  
c o n s i d e r a h l e  a n g u l a r  t o  s u h a n g u l a r  g rav -  
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  low p l a s t i c i t y ,  r e d d i s h -  
brown 

Cemen ta t ion  P r o p e r t i e s  

Weakly l ime cemented f rom 8 t o  9 f e e t ,  
p r i m a r i l y  a s  a c o a t i n g  on g r a i n s ,  mod- 
e r a t e l y  c l a y  cemented i n  many l e n s e s ,  
some l e n s e s  a r e  uncemented 



McMiclten Dam R e s t o r a t i o n  S tudy  
Maricopa County,  Ar i zona  
SHB Job No. E82-1.11 

9 - 1 0  f e e t  deep.  Wealtly c l a y  cemented c l a y e y  s a n d ,  
some weakly l i m e  cemented l e n s e s  n e a r  t o p  of p i c t u r e  
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PROJECT Structures Assessment McMicken Dam 

LOCATION Sta. 200 
JOB NO. 0-117-001122 Task 1 DATE 5/3/01 

1 RIG TYPE CME-75 
BORING TYPE 6 518" Hollow Stern Auaer 
SURFACE ELEV. 

REMARKS VISUAL CLASSIFICATION 

note: some well graded gravel from 5' to 8'6" 

note: decrease in clay content below 8'6" 

A - Drill CuHings; NR - No Recovery 
S - 2" O.D. 1.38" 1.0. tube sample 
IJ -3"0.D. 2.42"I.D. tubesample LOG OF TEST BORING NO. B-1 
T - 1" O.D. Vlin.rualled tube sample 
D - 2.5" 0.0. 1.9" 1.0. tube sample 
C - 2.5" O.D. 2.0" I.D. tube sample 



PROJECT Strgctures Assessment: McMicken Dam 

JOB NO. 0-1 17-001122 Task 1 DATE 5/3/01 
LOCATION 

BOR~NGNPE 6 5/8* Hollow Stem Auger 

A - Drill cuttings; NU - No Recovery 
s - 2" O.D. 1.38" I.D. lube sample 
u .3" O.D. 2.42" I.D. tube sample LOG OF TEST BORING NO. 8-2 
T. 1" O.D. thln-walled tube ssmple 
D - 2.5" 0.D. 1.9" I.D. tube sample 
c - 2.5" O.D. 2.0" I.D. tube sample 



p R ~  JECT Struclures A s s e ~ e n t :  McMicken Dam 

LOCATION Sta. 220+uu, caul UI ~a~nler~arii;a nomu 
JOB NO. 0-1 17-001 122 Task 1 DATE 5/3/01 

RIG TYPE CME-75 

BORING TYPE 6 518" Hollow Stem Auqer 

REMARKS VISUAL CLASSlFtCATlON 

note: cementation below 4'6" 

Page 1 of 1 
A - Drill cuhlngs; NR - No Recovely 
S - 2" O.D. 1.38" I.D. tube sample 
u -  3" O.D. 2.42"I.D. lubesample LOG OF TEST BORING NO. 8-3 
T - 1" O.D. thln-walled tube Sample I! D - 2.5" O.D. 1 .B" 1.0. tube sample 
C -2.5" O.D.2.0"I.D. tube sample 



PROJECT Structures Assessment: McMicken Dam 

LOCATION 
JOB NO. 0-1 17-001 122 Task 1 DATE 5/3/01 

-- 

RIG TYPE CME-75 - 

BORING TYPE 6 518" Hollow Stem Auuer -- 
'SURFACE ELEV. - 

REMARKS VISUAL CLASSlFlCATlON 

note: cemented nodules 

A. Drill cullings: NR -No Rewvely 
Page 1 of 1 

S .2" O.D. 1.38" I.D. tube sample 
u - 3" 0.0.2.42" 1.0. tube sample LOG OF TEST BORING NO. B-4 
T - 1" O.D, ihln-walled lube sample 
D -2.5" O.D. 1.9 l.D, tube sample 
C . 2.5" O.D. 2.0" 1.0. lube sample 



p ~ ~ ~ e ~ ~  Structures Assessment: McMioken Dam 

- ~p 

LOCATION 
JOB NO. 0-1 17-001 122 Task 1 DATE 5/3/01 

- 
- - 

BORING TYPE 6 518" Hollow Stem Auger 

A - Drill cuttings; NR - No Recovery 
Page 1 of 1 

S - T' 0.0.1.38" I.D. tube sample 
U - 3 0 . 0 . 2 . 4 ~  I.D. tube sample LOG OF TEST BORING NO. B-5 

P T -  1" 0.0. thln.walled tube sample 
0.2.5" 0 .0 .  1.9" I.D. lube sample 

P C - 2.5' O.D. 2.0" I.D. tube sample 



~ R O ~ ~ ~ T  StructuresJAssessment: McMicken Dam 

JOB NO. 0-1 17-001 122 Task 1 DATE 
LOCATION 

-- 

Page I of 1 
A - Drill cunngs; NR - No Recovery 
S - T O.D. 1.38" I.D. tube sample 
u - 3 O.D. 2.42" 1.0. tube sample LOG OF TEST BORING NO. B-6 

e T - 1" O.D. thin-walled tube sample 
D - 2.v O.D. 1.8" I.D. tube sample 
C - 2.5" O.D. 2.0" I.D. tube sample 



,. 

PR.~ECT Structures Assessment: McMlcken Dam ;>. 

LOCATION Sta. 260+00, am@ East of Maintenance Rose 
JOB NO. 0-1 17-001122 Task 1 DATE W O 1  - 

RIGTYPE - CME-75 

BORING 2 5 1 8 "  Hollow Stem Auaer 

note: weakly to moderately lime cemented from 

ate; decrease in clay with depth 

A - Drill cuttings; NR . No Recoven/ Page 1 o f  1 

S - 2" O.D. 1.38" I.D. Illbe sample 
u -3" O.D. 2.42" 1.0. tube sample LOG OF TEST BORING NO. B-7 
T . 1" O.D. thin-walled tube sample 
D - 2.5" O.D. 1.0" I.D. tube sample 
C - 2.5" 0.D.  2.0" I.D. tube sample 



eldues eqnl 'a'l.0'8 '0 .0 "5.2 - 3 
elduss eqni 'a'l.6'1 ' i 'o .YZ. a 
elduss eqni D ~ I I W M . U ! ~ ~  ,a'o ,, 1 I 

0-9 'ON 9NltjOa IS311 JO 901 aidurn eqnl.a.1 .ZVZ .ab ,.c - n 
eldwse eqnl WI ,.BE'L 'a 'o .,2 - s 

L bO 1 e6ed 
ke~ooetl ON - UN : ~ B U I U ~ ~  11!1a - V 

U M O J ~  qs!ppej 'paluaua3 au!l h l y e e ~  'pau!eJ 

,,Q,P 01 '1 
w o ~ l  paluaua:, aw!l Alale~apow a A l y e a ~  :aiou 

U M O J ~  qs!ppa1 'A~!~!iseld wn!petu 01 

MOJ 'paule~i3 aul) ~ ( J ~ U B U J U O P ~ J ~  kv13 A ~ N V S  ~S!OU h114B!ls 



 PRO^^^^ Structures Assessment: McMicken Dam 

-- 
JOB NO. 0-1 17.001122 Task 1 DATE 5/3/01 

LOCATION 

BOR~NGTYPE 6 518" Hollow Stem Auaer - 

medium dense 

cemented, low plasticity, brown 

L I I I I I 25 GAouNDdATLR I 
I 

SAMPLE TYPE 
A - Drill cuttings; NR - No Recovery 

Page 1 of 1 

S - 2" O.D.1.38" I.D. tube sample 
u 3 o . D . z . ~ ~ "  I.D. tube sample LOG OF TEST BORING NO. 0-9 
T .  1" O.D. thin-walled tube sample 
D - 2 . 5 ' 0 . ~ .  l.gX I.D. tube 3ample 
C - 2.5" 0.0.2.0' '  I.D. tube sample 



PROJECT Structures Assessment: McMicken Dam 

note: predominantly fine grained & weakly lime 
cemented below 2'6" 

A - Drill ounings; NR - No Recovery Page 1 of 1 
S - 2" O.D. 1.38" I.D. tube sample 
u -3"O.O. 2.42"l.D. tube sample LOG QF TEST BORING NO. 6-10 
T - I" O.D. lhin-walled tune sample X D .2.5" O.D. 1.8" I.D. tube sample 
c - 2.5" 0.0.2.0'' I.D. tube sample 



PROJECT A ~ c t u r e s  Assessment: McMicken Dam 

BORING T ~ P E  6 518" Hollow Stem Auger - 

A . Drill cunings; NR - NO Recovery 
Page 1 of 1 

s - 2' O.D. 1.38" I.D. lube sample 
u .3" O.D. 2.42' 1.0. tube sample LOG OF TEST BORING NO. 0-1 1 
T -  1" 0 . 0 ,  thin.wailed lube sample 

Y D .  2.5" O.D. 1.8" I.D. tube sample 
C - 2.5" O.D. 2.0" 1.0. tubs sample 



P~OJECT Structures Assessment: McMicken Dam 

JOB NO. 0-1 17-001 122 Task 1 DATE 5 5 1  

1m 
LOCATION 

RIG TYPE CME-75 - 
BORING NPE 6 518" ~ o ~ l o w  stem Auaer 

~ ~ 

- 8 SURFACE ELEV. 
$5 DATUM 

f 

013 .Ba{ 2u , REMARKS ( 3 5 ~ .  m a u  

note: small diameter roots from 0 to 1' 

note: weakly lime cemented below 1'6" 

Page 1 of 1 
A - Drill cuttings; NU - No Recovery 
'S - 2" 0.0. 1.38" I.D. tube sample 
u -3" O.D. 2.42" 1.0. tube sample LOG OF TEST BORING NO. B-12 
T - 1" 0.0. thin.walied tube sample 
D - 2.5" O.D. 1.9" 1.D. tube sample 
C - 2.5"O.D. 2.0" I.D. tube sample 



PROJECT -Struolures Assessment: McMicken Dam dm3 

LOCATION Sta. 440 d 
JOB NO. 0-1 17-001122 Task 1 DATE 5/2/01 

RIG TYPE - CME-75 
BORING TYPE 6 518" Hollow Stem Auger ,. 
SURFACE ELEV. 
DATUM 

1 
REMARKS VISUAL CLASSlFlCATiON 

A.  Drill cuttings: NR - No Recovery Page 1 of 1 

S - 2" O.D. 1.38" I.D. tube sample 
U -  3'0.~. 2.42" I.D. tube sample LOG OF TEST BORING NO, B-13 
T - 1 "  0.12, Lhin.walled tube sample 

E 0 - 2.5" O.D. 1 .Q" I.D. tube sample 
C.  2 . 5  O.D. 2.0" I.D. lube sample 



PROJECT Structures Assessmenl: McMicken Dam 

LOCATION --- 

BORING TYPE 6 518" Hollow Stem A u g C  

note: no gravel, strong cemenlatlon, 
predominantly flne grained below 2' 

A - Drill cuttings; NR - No Recovery 
Page 1 of 1 

S - 2* O.D. 1.38" I.D, tube sample 
u - 3" O.D. 2.42" I.D. tube sampie LOG OF TEST BORl NG NO. 8-1 4 
T - 1' 0.0. thin-walled tube sample 
D - 2.5" 0.0.  1.8" I.D. lube sample 
C - 2.5" O.D. 2.0" I.D. lube sample 



pFIOJEcT Structures Assessment: McMicken Dam 

note: predominantly line grained & increase in 
clay content below 4' 



PROJECT Stroclures Assessment: McMicken Dam - 

BORING TYPE 6 518" Hollow Stern Auaer 
E ELEV. ~ .- 

gralnea, low plasllcity, light brown 

note: small diameter roots 

2 
I 

a 
9 
1 .. 
t 
i; 

4 

A - Drlll outings: NR - No Recovery 
S - 2" O.D. 1.38'' I.D. tube sample 
U. 3'O.D. 2.42" I.D. tube sampie LOG OF TEST BORING NO, 6-1 6 
T -  1" O.D. thin-walled tube sample 
D -2.5" O.D. 1.9" I.D. tube sample 
C - 2.5"0.D. 2.0" I.D. tube sample 



PROJECT St~ctures Assessmenl: McMicken Dam 

JOB NO. 0-1 17-001 122 Task 1 DATE 5/2/01 

m v  
LOCATION 

RIG TYPE CME-75 
BORING TYPE 6 518" Hollow Slel7l Auoer 

note: cemented noduies 

note: predominantly medium grained below 14' 

topped Samp er at 15 6 

A .  Drill cuttings: NR - No Recovery 
S - 2" O.D. 1.38" I.D. tube Sample 
u .3"O.D.2.42" I.D.tubesarnple LOG OF TEST BORING NO. 8-18 
T - 1 '  O.D. thin-walled tube sample 
D - 2.5' 0.0. 1 .B" 1.0. tube sample 
C - 2.5" O.D. 2.0" I.D. lube sample 



PROJECT A u c t u r e s  Assessment: McMicken Dam- 
- 

- 
LOCATION - Sla. 503+14, East of Maintenance Road JOB NO. 0-1 17-001 122 Task 1 DATE 5i?J01 

- 
-- 

BORING TYPE 6 5/8 Holi0W Stem Auger 

note: strongly cemented at 9'8' 

A -  Drill cuttings: NR -No Recovery 
Page 1 of 1 

S - 2" O.D. 1.38' I.D. tube sample 
u - 3' O.D.2.42" I.D. tubesample LOG OF TEST BORING NO, 8-1 9 

P T - I" O.D. thin-walled tube sample 
D - 2.5" O.D. 1.9" I.D. lube sample 
C - 2.5" O.D. 2.0" I.D. tube sample 



-.\ 
PROJECT Structures Assessment: McMicken Dam 

ame@ -$. .,.. 

JOB NO. 0-1 17-001122 Task I DATE 4/17/01 BACKHOE TYPE John mere  71 OD 

note: 1" wide crack infilled with sand to deplh of 3', small raots in narrow 
dessicaflon cracks 

D - Disturbed Bulk Sample 
IJ - Y O.D. 2.42" I.D. tube sample LOG OF TEST PIT NO, TP-Cj 
A .  Drill Cuttings 
G - Grab sample 



PROJECT Slructures Assessrner~t: McMicken Dam 

JOB NO. 0-1 

2 
2 
Lz 
L1 : 
d 
2 
6 
3 
5 
ij 

E 
d 
F 
3 

7-001122 Task 1 DATE 411 7/01 - BACKHOE NPEA~ m e r e  7100 -- 
Sta. 221+50, Crest --- 

e to medium grained, subangular sand, weakly 

medium dense evidence ol  cracks 

note: small roots from 2'6 lo 3' 

note: some cracking up to 1" down to 2'6", cracks predominantly horizontal 
with some random orientation 

SAMPLE TYPE Page 1 of 1 
6 -Undisturbed Block Sample 
D - Disturbed Bulk Sample 
~ - ~ 0 , ~ . 2 . 4 ~ 1 . ~ . t u b e s e m p l e  LOG OF TEST PIT NO, TP-C2 
A - Drlil Cuftings 
G - Grab sample 



PROJECT Struclures Assessment: McMioken Dam s 
.,:3 

JOB NO. 0-117-001 122 Task 1 DATE 4/17/01 
ame8 

BACKHOE y y p ~  John Deere 71013 

medium dense 

$ 

S s 
2 
0 

ci - 
C 

t 
1 
! 

D -Disturbed Bulk Sample 
u - 3' 0.0.2.42" I.D. lube sample LOG OF TEST PIT NO. 
A - Drill Cunlngs 
G -Grab sample 



PROJECT Struclures Assessment: McMicken Dam - 
- 

JOB NO. 0-1 17-007122 Task 1 DATE 4/17/01 BACKHOE TYPE John Deere 71 OD 
Sta. 215+86, Crest 

SURFACE ELEV. 1364' 

medium dense 

note: horizontal cracks in upper 1' (up to 0.1") 

note: coarse grained gravel, occasional cobble 

note: cemenlalion increases with depth 

!i 
2 
5 
3 
$ 
$ .. 
e 
6 
t 
i 

0 - Disturbed Bulk Sampie ' 
LJ - 3" O.D. 2.42" I.D. tube sample LOG OF -TEST PIT NO. TP-64 
A - Drill Cuninos 



PROJECT Struclures Assessment: McMicken Dam 

JOB NO. 0-1 17-001122 Task 1 DATE 4/17/01 BACKHOE NPE John Deere 7100 - 
Sta. 21 7+57, Crest 

note: occasional transverse cracks filled with silty sand lo depth of 2'6" 

B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
u . P  O.D. 2.42" I.D. tube sample LOG OF TEST PIT NO. TP-CS 
A - DrIIi Cunings 
G -Grab sample 



PROJECT Structures Assessment: McMicken Dam - 

JOB NO. 0-1 17-001 122 Task 1 DATE 4411 7/01 BACKnOENPE John Deere 710D - 
Sta. 217+87, Crest LOCATION - 

SURFACE ELEV. l3S4' 
AMEC GPS Survey 

note: vely dense from 2' to 3' 

s 
C 
0 

2" 
3 
'c s 
Z 
c? 
I .. 
P- 
6 

p. 
I' 
0 

F 

D . Dislurbed Bulk Sample 
IJ - o' 0.D. 2.12" I.D. tube sample LOG OF TEST PIT NO. TP-CG 
A - D~III cunings 
G -Grab sample 



PROJECT Structures Assessment: hlcMicken Dam ame@ :r%z 
- 

JOB NO. 0-1 17-001 122 Task 1 DATE 4/17/01 BACKHOE TYPE John Deere 71 OD 
Sta. 310+75, Crest LOCATLON - 

nonplastic, brown to gray 

5 s 
k 5 
4 
z 
9 
cl - 
t 
6 

5 
8 

SAMPLE TYPE Page 1 of 1 
B . Undlsturbed Block Sample 
D -Disturbed Bulk Sample 
u . ~ " o . D .  2.42" 1.0. lubesample LOG OF TEST PIT NO. TP-C-/ 
A. DrlII Cuttings 
G - Grab sample 



PROJECT Structures Assessment: McMicken Dam ame@ 44 - 
JOB NO. - 0-1 17-001 122 Task 1 DATE 4/17/01 BACKHOE TYPE  oh" Deere 71 OD 

Sla. 31 1 +25, Crest LOCATiON - 

weakly cemented, low plasticity, brown 

SAMPLE TYPE 
B - Undlsturbed Block Sample 
D . Disturbed Bulk Sample 
U - 3" 0.D.2.42" 1.0. tube sample 
A - Drill Cunings 
G - Grab sample 

Page 1 of 1 

LOG OF TEST PIT NO. TP-CB 



PROJECT Structures Assessmenl McM~cken Dam 

JOB NO. 0-1 17-001 122 Task 1 DATE 4/18/01 BACKHOE WPE- -A 

Sta. 232+00, E of mainlenance Rd. 

note: upper 10" desslcated with cracks, roots up to 1/8", small roots to 2'6, 
118' voids, evidence of water travel in cracks, increase In cementation after 
2'6", increase in gravel below 2' 

Page 1 of 1 
R - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
u . amo.u .  2 . ~ 2 ~ ~ 1 . ~ .  tubesample LOG OF TEST PIT NO. TP-D1 
A - D~III cuttings 
G -Grab sarnpls 



PROJECT Slructuras Asessment: McM~cken Dam 

JOB NO. 0-1 

I-r 
17-001 122 Task 1 DATE 411 8/01 - 
7 GROUNDWATER 

-.,, REMARKS 

BACKHOE TYPE John Deere 710D 
LOCATION Sta. 235t00, East of Maintenance Road 

SURFACE ELEV. - 
DATUM 

SOIL DESCRIPTION 1 I 

slightly moist Surficial Evidence: approximately 65' long, up to 6'6" wide & 11" deep 

soft SANDY CLAY trace of siit, predominanliy fine grained sand, weakly 
cemented, medium plasticity, brown 

/ nole: roots to 114", increase in clay below 2' 

cemented, reddish brown 

I I I 
SAMPLE N P E  Page 1 of 1 

B - Undislurbed Block Sample 
D . Disturbed Bulk Sample 
"-YO D.2.42"i.D. lubssampls LOG OF TEST PIT NO. TP-Dz- 
A - orill cunlngs 
G - Grab sample 



PROJECT Struclures Assessment: McMicken Dam 

arnefl A' - 
JOB NO. 0-1 17-001 122 Task 1 DATE 4/18/01 BACKHOE TYPE John Deere 7100 

Sla. 244+00, E of maintenance Rd. 

SURFACE ELEV- 

eakly cemented, low plasticity, brown 

note: increase in clay with depth rools up to 114" in size lo 2' 

I I I I I I 

SAMPLE TYPE Page 1 of 1 
B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 
LI - Y O.D. 2.42" 1.0. tubs sample LOG OF TEST PIT NO. TP-D3 
A - Drlll Cuttinas 
G -Grab sample 



PROJECT S E c t u r e s  Assessment: McMicken Dam 

JOB NO. 0-117-001122 Task 1 DATE 5/2/01 -- BACKHOE TYPE CASE. 58OL. Extendahoe 
Sta. 447+06, downstream slope 

8 
C 0 

9 

B 
2 
'4 
!! 
7 

c 
6 

t 

B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 
u - 3 8 2 0 . ~ .  2.42,1.0. tuba sample LOG OF TEST PIT NO. TP-Sj 
A . ~ r l l l  cuttlngs 
G - Grab sample 



PROJECT Structures Assessmenl: hlcMicken Dam 

am@ 3 %  ...,,b 

JOB NO. 0-117-001122 Task 1 DATE 5/2/01 BACKHOE TYPE, CASE 580L. E K l e n d r 3 h o e  - 
Sta. 449+27, downstream slope 

SURFACE ELEV 

SILTY SANQ trace ol fine grained, subangular gravel, fine to medium 

i 
5 
2 
5 
2 
9 
? - 
C 
6 

kt 
6 
E 

Page 1 of 1 
B - Undislurbed Block Sample 
D . Disturbed Bulk Sample 
u - 3" O.D. 2.42" I.D. tube sample LOG OF TEST PIT NO. TP-S2 
A - Drlil Culiings 
G - Grab sample 



' j .  

PROJECT S'Nctures Assessment: McMicken Dam $.~ . 

J O ~  ~ 6 .  0-1 17-001 122 Task 1 DATE 5/2/01 
ame@ 

BACKHOE TYPE CASE 580L. Evtendahoe 
Sta. 454+88.3, downstream slope 

SURFACE ELEV. 

SILTY SAND, trace of clay, trace of fine gralned, subrounded gravel, 
fine to medium grained sand, weakly cemented, nonplastic, brown 

C 

E 
$, 
d 
9 
6 
@ - 
C 
n 

E 
I 
L\ 

SAMPLE TYPE 
B - Undlslurbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42" 1.0. lube sample 

LOG OF TEST PIT NO. TP-S3 
A - Drill Cuttings 
G - Grab sample Page t of 1 



PROJECT Stiuctures Assessment: McMicken Dam 

ame@ ,%., .,:, 

JOB NO. 0-1 17-001 122 Task 1 DATE 5/2/01 
WCKHOE TYPE CASE 580L. Eandahoe 

Sta. 455+28, downstream slope 

SILTY SAND, trace of clay, predominantly Rne gralned sand, weakly 
cemented, low plasticity, brown 

note: some celcic zones; soft with dessication cracks (random) filled with 

L5 

4 
2 < 
2 
'? 
ry - 
C 
6 
E, 
5 
9 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 
U . 3  0.D. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. TP-S4 
A - Drill Cunlngs 
G - Grab sample Page 1 of 1 



PROJECT Structures Assessment: McMicken Dam 

JOB NO. 0-1 17-001 122 Task 1 5/2/01 ~ ~ K H O E  WE CASE 58OL, Extwndahoe 
GROUNDWATER LOCATION Sta. 474+21, downstream slope 

cemented, low plasticity, brown 

note: zones of clayey material, weakly cemented, trace of small diameter 

note: significant crack observed up to 19' In length, probed to Cdeep, 
maximum width 0.3' 

SAMPLE 
13 . Undisturbed 81mk Sample 
D - Disturbed Bulk Sample 
U - 3" 0.0. 2.42" I.D. tube Samde 

LOG OF TEST PIT NO. 
A - Drill Cunlngs 
G - Grab sample Page 1 of 1 



PROJECT -Struclures Assessment McM~cken Dam i am@ 
JOB NO. 0-1 17-001 122 Task 1 OAT€ 5/2/07 BACKHOE n p i  CASE 5BOL. Exlendahoe 

Sta. 49311 8, downslreem slope LOCATION _ _  

SURFACE ELEV. 

note: dissication cracks with fine roots 

ole: small diemeter roots 

note: no evidence of subsurface cracklng 

SAMPLE TYPE Page 1 of 1 
B - Undlslurbed Block Sample 
D :Disturbed Bulk Sample 
IJ -3'0.D.2.42" I.D. fubesample LOG OFTEST PIT NO. TP-S6 
A -Drill Cunings 
G - Grab sample 



PROJECT Struclures Assessment McMicken Dam 

JOB NO. 0-1 17-001122 Task 1 DATE 411 8/01 BACKHOE TYPE John Deere 710D 
Sla. 232t55, Toe D r a i n  

SURFACE ELEV. 

SANQ trace of clay, line lo medium grained sand, weakly 
led, medium plasticity, reddish brown 

ole: geotexlile filter labric from 6" to full depth of investigation 

ole: geotextile separates native, undislurbed soils from dislurbed backfill; 
ndislurbed soils are towards dam 

Li 
0 

$ s 
2 
0 e - = 
ij 

e 
E' 
Y 

SAMPLE TYPE Page 1 of 1 
B - Undisturbed Block Sample 
D - DiS1urt)ed B U I ~  sample 
u - 3" O.D. 2.42" I.D. tube sample LOG OF TEST PIT NO. TP-Tl 
A - Drill Cuttings 
G - Grab semple 



i,,, 

PROJECT Structures Assessment: McMicken Dam ame@ $, 
5.: 

JOB NO. 0-1 17-001 122 Task .. 1 DATE 411 8101 . BACKHOE ~ y p ~ J O h n D e 9 r e  71 OD 
Sla. 264+10. Toe Drain 

note: geotertile filter fabflc from l ' t o  full depth oi investigation 

note: geolexlila separates native, undisturbed soils from dislurbed backfill; 
undisturbed soils are towards dam 

H 
C 0 

4 
2 
P 
-, L 
'9 
FI 
it 
5 

2 
lu 

1 I  I /  I I I  I 

SAMPLE TYPE Page 1 of 1 
B - Undlslurbed Block Sample 
D . Dlslurbed Bulk Sample 
IJ - 3' 0.0.2.42" I.D. tube sample LOG OF TEST PIT NO. TP-I-2 
A - Drill Cunings 



PROJECT Structures Assessment: McMicken Dan  n 
", . 

JOB NO. 0-117-001 122 Task 1 DATE 4/18/01 BACKHOE TYPE John Deere 7109 

e@ 
Sta. 272+50, Toe Drain 

note: geotsxlile from 6" to fill depth of investigation 

note: geotexlile separaies native, undisturbed soils from disturbed backlill; 
undisturbed soils are towards dam 

h 

2 
d a 

$ - 
h 
6 
e 
i 
8 
7 

B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
u -3"O.D. 2.42" I.D. lube sample LOG OF TEST PIT NO. Tf3-T3 
A - Drill Cuttlngs 
G - Grab sample 



.< 
PROJECT Struclures Assessment: McMicken Dam 

ame@ .A ;a, ' ,. 
- 

JOB NO. 0-1 17-001 122 Task 1 DATE 4/18/01 BACKHOE NPE John Deere 710D 
Sta. 424+50, Toe Drain 

nole: 11' cobble at 3', lenticular deposils ol  poorly graded sand, 
predominantly medium grained, subangular sand 

note: geolexlile to full depth of Investigation, separates undisturbed soil 
(towards dam) from trench backlill 

note: geotexllle separates native, undisturbed soils from disturbed backfill; 
undisturbed soils are towards dam 

5 
x' r 
"a 
5 -, 
& 
c? 
P ,- = 
6 

3 
E 

0. Dlslurbed Bulk Sample 
u - 3" 0.0. 2.42" I.D. lube sample LOG OF TEST PIT NO. - TP-7-4 
A - Drill Cuttings 
Q -Grab sample 



uctures Assessment: McMicken Dam 

I I I I 1  I I GROUNDWATER N nrn-rlnu 

PROJECT 3 - 

JOB NO. 0-1 17-001 122 Task 1 DATE 411 8/01 BACKHOE TYPE Joho Deere 7100 - 
- ~- - .  Lw.,-..-.. Sta. 425+50 

SURFACE ELEV. - 
DATUM 

SOIL DESCRIPTION 

. . .  . . . . . .  . . .  - . . .  SM moist Surlicial Evidence: approximately 195' long, up to 4'4" wide, up to 10" deep 
. . .  . I 

SILTY SANQ trace of gravel, fine to medium grained sand, weakly 
moderately firm cemented, nonplaslic, brown 

Nile to full depth of invesligation, separates undisturbed soil 
m) from trench backfill 

note: geoteh 
(towards d a ~  

. . note: geoteaile separates native, undisturbed soils lrom disturbed backfill; 
. . . . . . .  
, . .  undisturbed soils are towards dam 
:.. .. . . .  
. . 
. . .  

,.. . .. . . . .  . . .  . . . . . . .  . . 

- 
1 @ - SAMPLE TYPE Page 1 of 1 

B . Und~sturbsd Block Sample 
D - Distuiimc Bulk Sample 
u - 3"O.O. 2.42" I.D.lubesample LOG OF TEST PIT NO. TP-T5 
A - Drlll Cuttin~s 



Earth Fissure Investigation PROJECT - 
- McMlcken Dam 

Flood Control District of Maricopa county -- 
.1"9 NO. 

0-1 17-001 122 - DATE 11-27-01 & 2-72-02 
- 

1340' +I- 5' 
NAD27MSL 

b-------- 
- I P . = L ~ S  

ils,i 1 1 O l l l 0 L D  3 0  
SOIL DESCRIPTION 

-- 
SM dW 

SOH to 
moderately firm 

moderately firm 

1 SILTY SAND . trace of gravel. trace of clay. ~redominantl~ fine to medium - . . 
gra nea, sdDroJnaeo grate, sLDaigJ ar sana, rea*  ). ccmentea (stage .I. 
nau plasllclly, 'gnt ~edaosn-orown (5YR 614) 

%ILTY TO CLAYEY SAND , fine to medium grained sand, moderately to / strongly cemented (stage II), medium plasticity, pinkish-gray (5YR 712) 

*am, occasional cobble. some silt. fine to medium orained " 
sans s~oang-lar lo s.orodnaea. fine lo caarsegra.nea grave. 
s.broLnae0, sllgnl y cemenlea (stagc I), ignt reaalsn-Dram (5YR 6 4) 

DESCRIPTION OF EARTH FISSURING 1 
ORlENTATloN -00~ deg AZTNe 

Concave to Wesl 
VerUcal -. 

Ptr7S STEN=' - L ~ V .  not s ng a r s s . ~  near *.*ace array ofsma craws 

-. 0 . 8  ncn zone sg? rcanl nhing . . - . - 

- I  
WIDTH 318 - 518 tnch 

-- I 
Pmriy preserved n ail units exposed; mnsiderable REMARKS - -- 
infilling in sand &gravel unlr; difflcuRfairace to surface 

on norfh side of trench 

-- 

-- 

TRENCH DATA 

N1158H6- SAMPLE TYPE 
B - UndisCfbed Black Samole 

PHOTO NO. REW-2113102-1-1A LOOKING: North 1 - 

Page 1 of 1 
~ - -~ ~- -~ ..F - 

D - Dtsrurbed Bulk Sample 
u - ~ " o . D .  2.42" 1.D.lubesample LOG OF TEST TRENCH NO. TP-I 
G -Grab sample 



PROJECT Earfh Fissure Investigation 
McMicken Dam -- 
Flood Conlrol District of M a r s p a  County 

'?B NO. 
077-001122 DATE -. 11 128101 

GROUNDWATER 

qmm BACKHOE TYPE 580C 

i ! i g g E g i  REMARKS 1 
I I O & O  

SOIL DESCRIPTION 
- - 

I 
- 

SC-SM dry SILTY TO CLAYEY SAND ,trace of gravel, fine to medium 
moderately to strongly cemenled (stage 11 - Ill), medium piasticity, 

hard pinlrish-white (7.5YR 812) 

I 
i 

dry 
CLAYEY SAND 8 GRAVEL, fine to coarse grained, subangular gravel, well 

i graded, subangular sand, strongly cemented (stage 11 - Ill), medium plasticity, 
hard pinkish-gray (7.5YR 712) i 

I 

- 
1 &7 - -- ----I 

1 OESCRIPTION OF EARTH FISSURING 

Cuwlng, concave to west, in south side at 020 deg N 

Out north slde 005 d s g N ,  veiflcai .- 

PERSISTENCE High, preslstent throughout lower two ~ n i b ,  projecL3 
UD into too unit 

WIDTH - 112 -314 inch 

REMARKS Very erominent in trench, fully open to wllhcn -- 
1 fWt Of surfam 

TRENCH D A T A - - T  
I 

-- -. . 
PHOTO NO. REW- 

,710~ ~ 3 3  68082 dep SAMPLE TYPE 
B - Undislumed Block Sample I ORIENTATIOII I D - Dlstumed Bulk Sample 

I 
1 LENGTH 19 1 I U-3" 0.D.2.42" I.D. Lubesample LOG OF 1 

G -Grab samole 

-- 
2/15iOZ-124 LOOKING: North 

Page 1 of 1 

rEST TRENCH NO. TP-2 



PROJECT Earih Fissure Investigalion 
McMicken DK- 
Flood Control District of Maricopa County - - -- 

'-9 NO. 0-117-001122- -- DATE 11129101 

GROUNDWATER 

BACKHOE TYPE CASE 580C .- 

SURFACE ELEV. 1340' 31- 5' 
USGS S u r v e y I N A D x S L  

SOIL DESCRIPTION 7 
SILTY SAND , some gravel, increase of gravel with depth, 
fine grained sand, subangular to subrounded gravei, uncemented to 
weakly cemented (GStage I), massive to crudely bedded, nonplaslic. 
light reddish-brown (2.5YR 714) 

SILTY TO CLAYEY SAND & GRAVEL , 
subangular to subrounded gravei, line to medium grained, subangular sand. 
moderately cemented (Stage II), medium plasticity, pinkish-gay (7.5YR 712) 

-. 

' - 1  DESCRIPTION OF EARTH FISSURING 1 
ORIENTATION Oo2 deg 

(Slightly coma& towesl) - 
Vertical - 

Hlgh, Preslstent In %r iwo unlts, Infilled 
Cornplele!y In upper, uncementd unit -- 

-- 

WIDTH 1 114 - 1 318 inch 

REMARKS 
Fully open in lower, cemented unit 1 

- Pmminent fis&re gully -. 
Just south of trench - I  

TRENCH DATA 

YI1 .5BMOde9  rlw -- 

I w1,24LObBm ____-- / OIIENTATQN 013 d s l u  

PHOTO NO. REW-2115102-1-3A LOOKING North 

SAMPLE TYPE Page 1 of 1 
0 - Undlslurbed Block Sample 
D - ~ is~urbed sulk Sample 

1 LENGTH 51 R 
u - 3'. o . D . z . ~ ~  ID, tubsample LOG OF TEST TRENCH NO. TP-3 

i G - Grab rarn~le 



PROJECT Earth Fissure Investigation 
McMicken Dam - .. 
Flood Control District orMarlcopa County 

~pp 

")B NO. 
617-001122 

- DATE 1 1129101 -. 
GROUNDWATER 

1 - 1  DESCRIPTION OF EARTH FISSURING 

005 deg ( I r e )  

Plunger 80 to 85 g!2 to the eest 

- 

- 

BACKHOE TYPE -CASE 580C_ 
SURFACE ELEV. -1-c- 
DATUM USGS SuweyINAD27/??SL 

REMARKS SOIL DESCRIPTION 

c- SM dry SILTY SAND , some coarse grained gravel, predominanHy medium to fine 
grained gravel, angular to subangular sand, massive, uncemented to very 

soil 
weakly cemented (&Stage I), nonplastlc to very low plasticity, very pale 

PERSISTENCE High in lower unit, infilled army of smell ~- - 
cracks near surface 

GP j \ 

314 - 1 inch 

-- 

I 

' a  &, 
'a b 
* * a  

brown (IOYR 013) 

1 
REMARKS 

NO trace of Rssure at surface 
- 

--- -- 

.- - 

- &, 

I :-- I 

! 1 J  

1 TRENCHDATA 1 I PHOTO NO. REW-2115102-14A LOOKING North 1 

subangular sand 8 gravel, crudley bedded, Stage II cementallon to 
about 3' below top of unit, (caliche coatings on all cobbles 8 marse 
grained gravel particles, grading to Stage I cementation at depth (slight 
matin banding with no coatings, nonplaslic, pinkisk-white (7.5YR812) 

I 

i 

Stopped Backhoe at 8' 

7 

dry 

sofl 

SAMPLE TYPE 
Wll?dBO.lidaJ Page 1 of  1 

B - Und~slumBd Block Sample 
DRIEWT*TION L D - Dlslurbad Bulk Sample 

U - 3 0 0  2 4 2 " l ~  tuhsarnpie LOG OF TEST TRENCH NO. TP-4 
G - Grabsample 

Fine pebble gravel with coarse grained gravel 8 cobbles, some silt. 
some medium to fine grained sand, moderately sorted, fine grained, 



Earlh Fissure Investigation PROJECT -- 
McMlcken Dam -- 
Flood Control District of Maricopa County . 

0-1 17-001122 
I nS  NO. - DATE 

1 1-29-01 

B GROUNDWATER 

BACKHOE TYPE CASE 5 B L -  .- 
SURFACE ELEV. 1 3 3 0 ' 1 -  5' 

m J N A D 2 7 i M S L  

SOIL DESCRIPTION 

, some fine grained, subangular lo subrounded gravel, 
y medium to fine grained gravel, massive, uncemented to 

ented at depth (0-Stage I), nonplastic, light brown (7.5YR 613) 

L , occasional cobbles, predominantly medium to 
coarse grained, subangular sand, predominandy medium to coarse grained, 
subrounded gravel, crudely bedded, moderalely cemented (Stage 11). medium 
plasticity, very pale brown (10YR 714) 

! i 
i 
I 

--d 

ORIENTATION 

PERSISTENCE 

WIDTH 

REMARKS 

013 dsg AZ(tws) 
Vertical -- 1 

I 

H~gh with opening extending lo with 1' of surface I 
-- 

-- 

518 - 314 inch (much of fissure is emded) 1 
- - I 

I 
Typical s~nuous patiam in cemented honzon - 

TRENCH DATA 

I 

F - 
PHOTO NO REW-2/15102-1-5A LOOKING North .- 

Nil S l l s E  dea r~w SAMPLE TYPE 
W11218016deg 

Page 1 of 1 
I B - Undslubed Block Samde 

ORIENTATION $ 1 7  D . Dlstubed Bulk Sample 

LENGm 11 fi u - ~ 0 . o .  2.42"1.~.tubssam~le LOG OF TEST TRENCH NO. TP-5 
- 

G -Grab sample - 1  



Earth Fissure Investigation PROJECT -- 
McMicken Dam -- 
Fiood Control District of Maricopa County -. -. 

,qB NO, 0-1 17-001122 1123102 
DATE -- 

GROUNDWATER 

BACKHOE TYPE CASE 580C 
SURFACE ELEV. 1330' +I- 5' 

AND 8 GRAVEL , some clay 8 cobbles, predominantly mediu 
iine grained, subangular sand, predominanlly medium to w a n e  grained, 
subrounded gravel, crudely bedded, strongiy cemented (Stage 11 8 Ill), low 
plasticity, pinkish gray (7.5YR 712) 

. - 
Stopped Backhoe at 9 

DESCRIPTION OF EARTH FISSURING 
.- 

ORIENTATION . 0'0 degAZ(true) - 
Vertical - 

High - projects La surface infilled 
but prominent from about5'ta 

surfam, open bsiow 

WIDTH 112 -314 inch (some erosion) 
- 

REMARKS 
- - 

i --- 

1 TRENCH DATA I - 
PHOTO NO. REW-2HY02-1-7A LOOKING: North 

:ATON N33.51088 ~*g SAMPLE TYPE 
w,,24,9mI*g _ _ _  B - Undisturbed Blo& Samole 

Page 1 of 1 

i ORIENTATiON 

1 O S ~ W U  I D - D~sturbBd Bulk Sample 

11 n u - 3 q s ~ . ~  2.42"iD blbesarnp'e LOG OF TEST TRENCH NO. -rP-6 
I LENOW 

G -Grab sample 



Earth Fissure Investigation - 
McMicken Dam 
Flood Control District of Maricopa County 

- -. 

JOB NO. 0-117-001122 1/23/02 DATE -- 

GROUNDWATER 

BACKHOE TYPE . CASE 580C 

CLAYEY SAND , considerable gravel 8 trace of cobbles, predominantly 

(Stage II - II), low plasticity to nonplaslic, light brown (1.5'to 4.57, 
below 4.5'light gray to tan (10 YR 712) 

DESCRIPTION OF EARTH FISSURING 
-- ---- 

I PERSISTENCE .- 

- -- - 
- 

WIDTH -. 

REMARKS - 
I TRENCH DATA -! PHOTONO. ... c LOOKING - 7 j  -- 
I 

10% l i~5.58153dsg SAMPLE TYPE 
WI12.4BOj6dsp B - Undislurbm Block Sample 

Page 1 of 1 
065 lLIlliL D - Distufbw Bulksample 

-- I, n u-YO.D 2.42" I.D. tuberample LOG OF TEST TRENCH NO. TP-7 -- 
G - Grab ramole 



PROJECT Earth Fissure Investigation 

- McM~dcen Dam 
Fiood Control District of Maricopa County 

.IOB NO. 
0-117-001122 2115102 

DATE - _ _ _ _ _ _ -  
GROUNDWATER 

BACKHOE TYPE . - . C m 8 0 C  
SURFACE ELEV. _ _ ? _ 3 ! R l ! ! 3 _ _ _ -  
DATUM USGS SurveyINAD27mSL 

-- 

REMARKS SOIL DESCRIPTION 
1 

SILTY SAND , some cobbles, some clay In upper2', well graded sand, 
medium lo coarse grained gravel, crudely bedded, emenlation begin about 
2' below surface. Slage I - II lo depth, nonpiastlcto medium plasticity with 

light bmwn (7.5YR 614) 

-i 

1 

at 6' 

.. i 
I 

I DESCRIPTION OF EARTH FISSURING 
-. . - 

353 deg AZ ( t ~ e )  ORIENTATION 

I Some cracks plunge to weststeepiy 

Diffuse array of small fissures on PERSISTENCE 
-- boM sides d lrench -. -. 

-- 

~- 

118 - 1116 inch for each small crack -- 

i 1 REWRKS Lmeeners of roll a1 fieedre locatlon 
Is canslderable, iro defilrltlve slgnle crack -- 

-- 
---- 
-- 

TRENCH DATA 
I I -. 1.. PHOTO NO. REw-2lt5102-lbA LOOKING: North 

ITON SAMPLE N P E  
B - Undisturbed Black Sample 

Page 1 of 1 

j 0'12 dm w ____. 1 D - Disturbed Bulk Sample 

LENGi* an U-YO.D.Z.~Z"I.D. tuoesample LOG OF TEST TRENCH NO. TP-9 
G - Grab sample 

A M m O E  DEPm 6n - 1 



Earth Fissure Investigation PROJECT - - 
McMhcken Dam -- 
Flood Conlml District of Maricopa County ~. .- 

JOB NO. 
0-1 17-001122 DATE 2115102 

GROUNDWATER 

BACKHOE TYPE -- 
SURFACE ELEV. _1340'?!Lp .- 
DATUM USGS Survey/NAD27/MSL 

REMARKS SOIL DESCRIPTION 7 
slighUy moist subrounded, coarse grained gravel near surfam, 

very firm well graded, crudely bedded, weakly cemented (Stage I), medium plasticity, 

-- -I / DESCRIPTION OF EARTH FISSURING -- 

ORIENTATION Oo5 d e g A Z j t r u e )  

Verlical 

Pwr,  not obseNable on norti- slde of trench PERSISTEhCE - .  

-- 

-- 

WlDTti 1132 - 1/16 one small crack 

Thin, single crack on south wall REMARKS 

---- 

TRENCH DATA 

TION r r l a s e i s a ~ ~  
wrrz4i*s,  
, , O d W U  ORIENTATKIN - 

LENOW -- 24 t 

SAMPLE TYPE 
B - UndisNrbed  bloc^ Samole 

1. PHOTO NO. REW-2115102-14A LOOKING: Norlh A 
Page 1 of 1 

D - Dislurbed Bulk Sample 
u - ~ 0 . ~ . * 4 ~ 1 . ~ . t u b e s a m p 1 e  LOG OF TEST TRENCH IqO. TP-10 
G - Grab sample 



A.MFC FKZR (~KOTECCINICAI, 1)ESIGN INVF:STIGtkl'ION (2001) 



PROJECT Final Geo!eg~nical Investigation Report 
Fissure Risk Zone Remedialion 
McMicken Dam 

2-1 17-001066 JOB NO. .. DATE -1212103 
BACKHOE T Y P E . _ C A S E  Super M 24" Bucket 

See Site Plan - - . . 

SURFACE ELEV. 

SOIL DESCRIPTION 

, predominantly fine to medium grained 
, Stage I, low plasticity, light brown 

note: Stage ll+ below 7' 

-. . . . 

B - Undisturbed Block Sample 
D - Dislurbed Bulk Sample 
U - 3' O.D. 2.42" 1.D. tube samole 

LOG OF TEST PIT NO. TP-1- 
A - Drill Cullings 
G - Grab sample Page 1 of 1 



PROJECT Final Geotechnical Invest~@llon Report 
- Flssure Risk Zone Remed~atlon - 

McMlcken D a m - .  - 
tea NO, 2-117-001066- DATE -12/1/03 

BACKHOE N P E - C A S E . - ~ ~ ~ . S U ~ ~ . B U C ~ . B L  
GROUNDWATER LOCATION - See Site Plan 

- . 

SOIL DESCRIPTION 

plaslicily, light brown 

-p 
slighlly moist moderately lime cemented, Stage 11, low plasticity, ligh: brown 

hard 

SAMPLE TYPE 
8 - Undisturbed Block Sample 
D . Disturbed Bulk Sample 
U - 3" O.D. 2.42" I.D, lube sample 
A - Drill Cuttings 
G -Grab sample 

- 

10- 

- -- J 

LOG OF TEST PIT NO. TP-2 - 

1 - 1  
I 
i , I  

... 

Stopped Backhoe at 6'6 



PROJECT Final Geotechnmygst igat ion Repon ame .@ 

Fissure Risk Zone Remediation 
McMicken Dam - 

JOB NO, 2-1 17-001066 DATE 1211/03 BACKHOE TYPE CASE 590 Super M 24" Bucket 

See Site Plan 

---.--A- 

small diameter boulder, well graded, subrounded. Stagel+ to ll, 
uncemented, low to medium plasticity, light brown 

! 

B - Undisturbed Block Sample 
D - Disturbed B U I ~  Sample LOG OF TEST PIT NO. TP-3 
U - 3" O.D. 2 .42 I.D. lube samole 
A - Drill Cullings 
G -Grab sample Page 1 of 1 



PROJECT Final GeoIechnicaI Investigation Report 
Fissure Risk Zone Remediation 
McMicken Dam -- 

JOB NO. 2-1 17-001066 .- DATE .. 1211103 BACKHOE TVPE-CASE 590 S u ~ e r  M_.?423!&?tt 
See Site Plan LOCATION - 

SOIL DESCRIPTION 

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed B U I ~  Sample LOG OF 'TEST PIT NO. TP-4 
U - 3"0.D. 2.42" 1.0. lube sample 
A - Drill Cutlings 
G - Grab sample Page 1 of 1 



PROJECT ~ G e o t e c h n i c a l  Investigation Report . ~. . , 
Fissure Risk Zone Remediation amee ' % e ~  .. McMicken Dam -. .- 

JOB NO. z001066 DATE .>!I03 
BACKHOE T Y P E L ~ & E ~ _ % O  S U D ~  M 2-ucket 

See Site Plan LOCATION - . 

SURFACE ELEV, 
- 

SOIL DESCRIPTION 

SAND, lrace of gravel, predominantly (In 
sand, some calcium carbonate, low plasticity, llghl brown 

-..A 
SAMPLE TYPE 

B - Undislurbed Black Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42  I.D. tube sample 

LOG OF TEST PIT NO. TP.-5- 
A - Drill Cuttings 
G -Grab sample Page 1 of 1 



PROJECT Final Geotechnicai !nves&a&nReporl -. 
Fissure Risk Zone Rernediatiqn . -- 
McMicken Dam .. --- 

JOB NO. 2-1 17-001066 DATE 12/1/03 
- BACKHOE TYPE CASE 590 Super M 24" Bucket pp 

See Site Plan LOCATION - ~ 

SURFACE ELEV.- 
--- 

ill, some cobbles, occasional small 

note: Stage II+, moderateiylime cemented below 7' 

... 

B . Undisturbed Block Sample 
D - Disturbed B U I ~  Sample LOG OF TEST PIT NO. TP-6 
U - 3 O.D. 2.42"'l.D. tube sample 
A - Drill Cuttings 
G -Grab sample Page 1 of 1 



Fissure Risk Zone Remedialion 
McMicken Dam 

JOB NO. 2-11 7-001066 __ DATE 12/1/03 -- BACKHOE T Y P E ~ S E  590 S u w e r ~ 2 4  Bucket 
See Site Plan LOCATION 



PROJECT Jnal Geolechnical InvestigaJan-Report 
Fissure Risk Zone Remediatlon 

&y amec..~~+' a 

McMlcken Dam 
JOB NO, 2-117-001066 . DATE -_12!!!3 . . 

BACKHOE r y p ~ x A S E  590 Super M 24" Bucket 
GROUNDWATER LOCATION - See Site Plan 

SURFACE ELEV. - 
. . 

SOIL DESCRIPTION 

SAND SILT, trace of gravel, predominantly fine to 
and, some calcium carbonate, low plasticily, light 

SAMPLE TYPE 
B - Und~slurbrrd Block Sample 
D - D~durbed B U I ~  sample LOG OF TEST PIT NO. TP-8 
U .3" 0 0 2 42" i D lube sample 
A - Dnll Cullings 
G .Grab sample Page 1 of 1 



PROJECT Final Geolechnical Invwsligal~on Report 
Fissure Risk Zone Remediation - 
McMicken Dam - 

JOB NO, 2-117-001066 _ DATE . . x 0 3  

.. 

SOIL DESCRIPTION 

SAMPLE TYPE 
B - Undisturbed Block Sample 
0 - Disturbed Bulk Sample 
U - 3" O.D. 2 . 4 2  I.D. tube sample 

LOG OF TEST PIT NO. T P - 9  
A - Drill Culling3 
G - Grab sample Page 1 of 1 



PROJECT -..Qnal Geo\echn~cal lnvesligalion Report 
Fissure Risk Zone Remedielion - 
McMicken . - .. . , Dam .. ~.- 

J ~ B  NO, 2;117-001066 DATE -12/1/03 
- BACKHOE m p ~  CASE 590 Super M 24" Buckel 

See Site Plan LOCATION .-. -. ... -- 

note: Stage II to 11+ below 3' 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D . Disturbed B U I ~  Sample LOG OF TEST PIT NO. --T:_P-1O 
U . ? O.D. 2.42" 1 D. tubs sample 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



I 

PROJECT L a 1  Geotechnical lnvestigalion Report .. k,. ;* 
Fissure Risk Zone Remediation 
~p 

McMickLn.Da.? 

9 
1213103 JOB NO. E1 17-001066 - DATE 

amec 
B ~ ~ ~ ~ o ~  T Y P ~  CASE 5 9 0  SQ.~LM_~XB&- 

GROUNDWATER LOCATION See Site Plan 

SURFACE ELEV.- 
-- 

SOIL DESCRIPTION 

I 

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
U . 3" 0.0. 2 . 4 2  I.D. lube sample 

LOG OF TEST PIT NO. ...-T-11 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT Final Geotechnical invesligalion Report 
Fissure Risk Zone Rernediation 
hmicken  Dam 

JOB NO, 2-1 17-001066 DATE 
BACKHOE TYPE-CUE 590 Sup~rMZ!4_".B?~cket 

See Site Plan 

- 
SURFACE ELEV 

I I 

8 - Undislurbed Block Sample 
D - Disturbed ~ u i k  sample LOG OF TEST PIT NO. TP-12 
U - 3" 0.0. 2.42" I.D. lube sarnDle 
A - Dnll Cullings 
G - Grab sample Page 1 of 1 



PROJECT Final Geol_echnical Inve!2gation Rep@ 
Fissure Risk Zone Remediation 
McMick@_n Dam 

JOB NO. 2-1 17-001066 DATE 1213103 
BACKHOE TYPE- CASE 590 S@eXZ4II_Bucke~ 

See Site Plan . LOCATION __- 
. . .. 

SURFACE E L E V . -  -- 

SAMPLE TYPE 
B - Undi$tumed Block Sample 

D - Dislurbed Bulk Sample 
U - 3"O.D. 2.42" 1.0, tube s a m ~ l e  

LOG OF TEST PIT NO. TP-13 
. . 
A - ~ r i l l  Cuttings 
G - ~ r a b  sample Page 1 Of 1 



p 
PROJECT Final Geolechn~cel Investigation Report - ..?.&$ 

Fissure Risk Zone Remediation 
McMicken Dam . 

JOB NO. 2-117-001066 DATE 2 2 / 0 3  - BACKHOE TYPE CASE 590 S u ~ e r  M 24" Bucket 
See Site Plan LOCATION 

SOIL DESCRIPTION 

B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 
U - J" O.D. 2.42" 1.0. tube sample 

LOG OF TEST PIT NO. _....TP-14 
A - Drill Cultings 
G - Grab sample Page 1 of 1 



PROJECT Final GeoKhnical InvestQation Report 
Fissure Risk Zone Remediation 
McMicken Dam ___,_ 

2-117-001066 JOB NO. -- DATE >213103 
BACKHOE TYPE CASE 590 Sup-e~M.24" Bucket 

GROUNDWATER See Site Plan - 
.. .. .. . . .- 

SOIL DESCRIPTION 
-- 

nonplaslic lo low piasticity, light reddish-brown 

note: grades to silty sand, gravel 8 cobbles below 2' 

SILTY SAND, GRAVEL 8 COBBLES,continued 

I 

1 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42" 1.D. lube samDle 

LOG OF TEST PIT NO. . TP-15 
A - ~ r l l l  cuttings 
G -Grab sample Page 1 of 1 



PROJECT Final Geolechnical Investigation Report 
Flssure Risk Zqne.R~.m*ation' - 
McMicken Dam -- 

2-1 17-001066 JOB NO. DATE 1212103 
BACKHOE TYPE CASE 590 Super M 24" Buckel 

See Site Plan LOCATION ... . 

- - 
SURFACE ELEV. 

note: occasional gravelly lense 

- 

B - Undistuaed Block Sample 
O - Disturbed Bulk Sample 
U - 3" O.D. 2 . 4 2  I.D. tube sample 

LOG OF TEST PIT NO. TP-P-16._- 
A - Drill Cuttings 
G -Grab sample Page 1 of 1 



PRO J~,-J Final Geolechnca! Investigation Report 
Fissure Risk Zone Rernedialion 
McMicken Dam -- 

JOB NO, 2.117-001066 DATE 1213103 B A ~ ~ ~ o ~  lYPE*E 590 Super M 24"uckat 
GROUNDWATER LOCATION P- See Sile Plan 

SURFACE ELEV.-- 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D - Disluaed Bulk Sample 
u - 3" O.D. 2.42" 1.D tuba sample 

LOG OF TEST PIT NO. . ~ . . T P '  
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



. Final Geolechnical InvestiQation Report . 

Fissure Risk Zone Remediation -- 

McMicken Dam . -........ 

DATE . x 0 3  -. BACKHOE TYPE CASE 590 S u ~ e r  M 2 4  Bucket 

.... 
SURFACE ELEV. 

-- 
SAMPLE TYPE 

B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2 . 4 2  I.D. tube sample 

LOG OF TEST PIT NO. TP-18 . 

A - Onll Cuttings 
G - Grab sample Page 1 of 1 



PROJECT Final Geotecnnicai lnvestigalion RepoFt . 

Fissure R&k Zone Remediation 
McMicken Dam ... 

2-1 17-001066 12/3/03 ~ JOB NO. - .-.-----I... DATE BACKHOE lYp~-E 590 S u ~ e r  M 24" Bucket 
See Sile Plan 

.- - 
SURFACE ELEV. 

plasticity, light brown 
nole: weakly to moderately lime cemented, Stage II below is 

-Undisturbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42"I.D. lube sample 

LOG OF TEST PIT NO. TP-19 
A - Drill Cullings 
G -Grab sample Page 1 of 1 



PROJECT -3nal Geotechn_ical Invesligalion Report 
Fissure Risk Zone Remedialion -- 
McMicken Dam 

JOB NO, 2117-001066 DATE . 12/2/03 . .  
BACKHOE TYPE-&%E.~%S~D~~ M 24" Bucket 

See Sits Plan ... ... - 

SURFACE ELEV. 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D - Dislurbed Bulksample 
U - 3"0.D.  2.42" I D .  lube sample 
A - Drill Cutlings 

LOG OF TEST PIT NO 

G -Grab sample Page 1 of 1 



PROJECT Final Geotechnical Investigation Reporl 
Fissure Risk Zone Remedialion .. ----- 
McMicken Dam -. 

~ . JOB NO. 2-117-001066 D A1 rE --1?/3/03 BA~KHOE'TYPE CASE 590 super M 24" Bucket 
GROUNDWATER LOCATION See Sile Plan 

1 - 
SURFACE ELEV. .- 
DATUM 

REMARKS SOIL DESCRIPTION 1 
I -----I 

LTY SAND, some lo considerable aravel occasional cobbles 8 small I 

.... 

SAMPLE TYPE 
B . Undislurbed Block Sample 
D - Disturbed Bulk Sample 
U - 3' 0.0. 2.42" I.D. tube sample 

LOG OF 'TEST PIT NO. TP-Z! 
A - Drill Cuttings 
G -Grab sample Page 1 of 1 



PROJECT Final Geoi_e_c_hnJqI Investigation Report 

ame@ '. . 
Fissure Risk Zone Remediation ',I-. 

McMicken Dam 
JOB NO, El 17-001066 DATE 1212103 

BACKHOE TYPE- S u ~ e r  M 24" ~ u c k e l  
See Site Plan LOCATION - - 

AMPLE TYPE 
B - Undisturbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" 0.D 2.42" I.D. lube sample 

LOG OF TEST PIT NO. TP-22 
A - Dn'll Culling3 
G -Grab sample Page 1 of 1 



PROJECT Final Ge-alion Reporl 
Fissure Risk Zone pe_m_eem&_n 
McMicken Dam..... 

J ~ B  NO, 2-117-001066 DATE 12/3/03 BACKHOE TYPE CASE 590 Super M 24"Buckel 

GROUNDWATER See Site Plan 

i 

B - Undisturbed Block Sample 
D -Disturbed B U I ~  Sample LOG OF TEST PIT NO. T P - 2 3  
U - 3" O.D. 2.42" l.D, lube sample 
A - Drill Cultings 
0 .Grab sample Page 1 of 1 



PROJECT Final C.ee@.e!!?ve_sfgi?!!oReport 
Fissure Risk Zone Remediation- 
McMicken Dam 

2-117-001066 JOB NO. DATE 1212/03 ~ BACKHOE TYPE CASE 590 Super M 24" Bucket 
See Site Plan 

SURFACE ELEV. 

SAMPLE TYPE 
B - Undisturbed Black Sample 
D - Distumed Bulk Samole LOG OF TEST PIT NO. TP-24 -. 
u - 3" 0 D. 2 42" 1.D lube sample 
A - Drill Cutlings 
G - Grab sample 



PROJECT -%a1 G e o t e c h n i c ~ e s l i g a l i o n  Report -. 
Fissure Risk Zone .. .. Remediation 
McMicken Dam 

JOB NO. m 0 0 1 0 6 6  DATE 12/3/03 .- BACKWOE T Y P E C A S E  590 S u ~ e r  M 24" Bucket 
See Slte Plan LOCATION - 

SURFACE ELEV. 

SOIL DESCRIPTION 

(0 considetable gravel, occasional cobble, 
medium grained sand, some calcium carbonate, low 

SAMPLE TYPE 
B - undisturbed Block Sample 

Disturbed Bulk Sample 
U - 3" 0.0. 2.42" 1.0. lube samole 

LOG OF TEST PIT NO. - TP-25 - 
A - Drill Cuttings 
G - Gab  sample Page 1 of 1 



PROJECT Final Ggol_echnle.In~es~.ga_lgn Reporl - 

Fissure Risk Zone Re_mediallon -- - 
McMicken Dam . 

2-1 17-001066 12/2/03 JOB NO. DATE - BACKHOE N P E C A S E S S ~ E ~ M ? ~ " ~ . ~ . . - _ -  
See Sile Plan 

-- 
SURFACE ELEV .- 

~ 

SOIL DESCRIPTION 

SAND, GRAVEL B 
we graded, subrounded, some calcium carbonate, low plasliclty, light brow 
note: Stage li below 1' 

~- - 

Backhoe refused at 4' 

SAMPLE TYPE .. .,... -- . .~ - 
B - Undisturbed Block Sample 
D - Distumed Bulk Sample 
U - 3" O.D. 2.42" I.D, lube sample 

LOG OF TEST PIT NO. TP-26 
A - Drill Cullings 
G -Grab sample Page 1 of 1 



PROJECT Final Geotechnical lnvestigalion Report 9 
Fissure Risk Zone Remediation ..~ .-...- amec- McMicken Dam -. 

2-1 17-001066 JOB NO. DATE 1213103 - 
BACKHOE TYPE CASE 590 ~ u U F K & ? ! ! ~ l c k ~ ~ _ _ _ _  
L ~ C ~ T l ~ N  __S_Be Sile Plan 

. . . . 

- Undisturbed Block Sample 
D . Dislurbed B U I ~  Sample LOG OF TEST PIT NO. TI3-27 
U - 3" O.D. 2.42" I.D. tube sample 
A - Drill Cutlings 
G - Grab sample Page 1 of 1 



PROJECT Jipal Geotechnical lnvestigalion Report 
Fissure Risk Zone Remediation_-- 
McMickon nsm 

JOB NO, 2-1 17-001066 DATE 12/2/03 
TYPE CASE 590 Sugel_?n 24" Buckel 

GROUNDWATER LOCATION See Sile Plan -- . ... . , ,.. . . -- 

SURFACE ELEV. 
- - .. .. . . , . 

plaslicity, light brown 
nole: Slage I1 below 1' 

. . 
SM slightly moist SILTY SAND, some to considerable gravel, occasional cobble, well 

. D. - hard graded, subrounded, moderately lo strongly lime cemented, Stage II+, low 
- .  . . 

.. . . 
plasticity, lighl brown +-----------A Backhoe refused at 3 ' 6  

SAMPLE PlPE 
0.  Undislurbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" 0.0. 2.42" 1.0 tubesamde 

LOG OF TEST PIT NO. TP-28 
A - Drill Culllngs 
G - Grab sample Page I o f  1 



PROJECT -@a1 Geotechnical I n v 9 a t i o n  Repxfi 
Fissure RiskZone Remediation . .- am& 
McMicken Dam -- 

2-1 17-001066 JOB NO. DATE 1?13/03 BACKHOE TYPE CASE 590Suuer M 24"cket -- 
GROUNDWATER See Site Plan 

SOIL DESCRIPTION 

CLAYEY SAND, some silt, some to considerable gravel, ra 
predominantly fine to medium grained sand, some calcium 
medium plasticity, light reddish-brown 
note: Stage l l  below 1' 

mall diameter boulder, moderately lime cemented, Stage II, nonplastic lo 
low plasticity, light brown 

SAMPLE TYPE 
B - Undislurbed Block Sample 
D - Disturbed Bulk Sample 
U - 3" OD. 2 . 4 2  ID. tube sample 

LOG OF TEST PIT NO. TP-29.L 
A - Drill Cuttings 
G -Grab sample Page 1 of 1 



,w" 

l 

PROJECT Final Geot~c~n~~tasjgation Report - Vk ' 
Fissure Risk Zone Remediation 
McMicken Dam 

2-1 17-001066 12/2/03 JOB NO. - -  DATE 

ame@ 
BACKHOE T Y ~ E C A ~ ~ & ! & & E ~ ~ ~ ~ "  Bucket 

See Site Plan __ LOCATION - - 
.. . .- 

E ELEV 

SOIL DESCRIPTION 

- 
SAMPLE N P E  

B - Undisturbed Bl~ck Sample 
D - Disturbed Bulk Sample 
U . J" 0 .0 .242"  1.D. tube sample 

LOG OF TEST PIT NO. T P ! -  
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT Final G e o l e ~ n i ~ ~ g g a l i o n  Report 
Fissure Risk Zone Remediation ame&$. McMicken Dam ""B 

- 

JOB NO. 2-1 17-001068 DATE 12/3/03 . ... 
BACKHOE TYPE-CASEW~&~~~&~~ '~  Bucket 

See Site Plan LOCATION - 

SURFACE ELEV. 

nole: Stage I+ below 1'  

SAMPLE TYPE 
B - Undisturbed Block Sample 
D - Dislurbed Bulk Sample 
U - 3"O.D. 2.42" I D .  lube sample 

LOG OF TEST PIT NO. - TP-31 
A - Drill Cullings 
G - Grab sample Page 1 of 1 



PROJECT Final GeoLe_c_h~ca@esl~gation Report B %a 
-- Fissure Risk Zone Remediation d(e 

McMicken Dam - .- 
2-1 17-001066 12/2/03 

G,,, - 
JOB NO. DATE BACKHOE TYPE CASE 590 Suoer M 24" Bucket - 

GROUNDWATER LOCATION See Site Plan 

SURFACE ELEV. - 

I l l  I I I 

I I I Backhoe refused at 2' 

1 
I 

_l_i___ 
SAMPLE TYPE 

B . Undlstutted Block Sample 
0 - Disturbed Bulk Sample 
U . 3" O D .  2.42" 1 D lube sample 
A - Drill Cutlings 
G - Grab sample 

LOG OF TEST PIT NO. TP-32 - 

Page 1 of 1. 



PROJECT . Fiml Geotechnicel invesligation Report 
Fissure Risk Zone Remediation 

,:q+ 
McMicken Dam... 

e&. 
. . ~  ~ 

JOB NO, 2-117-001066 DATE 1213103 
BACKHOE PIPE--CASE 590 Super M 2Qucket-p 

See Site Plan LOCATION -- 
-- 

SURFACE ELEV. 

SOIL DESCRIPTION 

light reddish-brown 

plasticity, light brown 

B - Undisturbed Block Sample 
0 - Disturbed Bulk Sample 
U . 3" O.D. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. TP-33 
A - Drill Cuttlngs 
G -Grab sample Page 1 of t 



PROJECT F~nal G e o l e c h n i c a w a t i o n  Report 
Fissure Risk Zone Remedia?%. 
McMicken Dam 

12/2/03 JOQ NO, 2-1 17-001066 DATE 
BACKHOE TYPE CASE 590 S U D ~ ~ M  24" Bucket 
LOCATION See Site Plan 

~~~ 

SURFACE ELEV. 
DATUM - -. ... 

SOIL DESCRIPTION 
-. . ~.. 

8 COBBLES,occasional small diameter boulder, 
well graded, subrounded, Stage II, nonplastic to low plaslicity, light brown 

SAMPLE TYPE 

D - Oislulbed Bulk Sample 

A - Drill Cutt;nps 
G -Grab sample 

0 - Undistubed Block Sample 

U -3"O.D. 2.42" I.D. tubs sample 

- 
- 
. 
. 

- 
- 
- 

5 -  

1 

- - 1 
LOG OF TEST PIT NO. TP-34 

Page 1 of 1 

* - q  
~ t & ,  

'* b 
.a* 
,+ &, '* b 
..q 
,* &, '. b 
mi&----- 

I 

. -- 

- - 

Backhoe refused a t 9 6  



PROJECT Final Geotechnicai lnvesligalion Report -- 

Fissure Risk Zone ~ e r n e d i a l i o n  
- McMicken D ~ K  - .. ameCg~. 

JOB NO. 2-1 17-001066 DATE 1212103 BACKHOE TYPE CASE 590 Super M 24" Buckel 

B 
GROUNDWATER See Sile Plan -- . - -- 

SOIL DESCRIPTION 

SAMPLE N P E  
B - ~ndislubed Block Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42" 1.0. lube sample 

LOG OF TEST PIT NO. Ti3-35 

G -Grab sample Page 1 of 1 



PROJECT Final Geotwhnica!.lnvesligaIion Report 
Fissure Risk Zone Remediation - 
McMicken Dam -- 

JOB NO. 2-1 17-001066 - DATE 12/10103 
BACKHOE Tfp~-John_D~~!Ee~oD 24" Bucket 

See Site Plan - 
- 

SURFACE €LEV.- 
-. -. - -. 

SOIL DESCRIPTION 

SAND L GRAVEL TO SILTY SAND L GRAVEL~onlinued 

B - Undisl'urbed Block Sample 
D -Disturbed Bulk Sample 
u - 3" o.D. 2.42" I.D. lube sample 

LOG OF TEST PIT NO. 1''-36 - 

A. Drill Cutlings 
G -Grab sample Page 1 of 1 



APPENDIX B 

BORING LOGS 



PROJECT Final Geolechnical Investigation Report - 
Fissure Risk Zone Remediation - McMicken Dam 9me&y 

LDCATION See Sile Pla JOB NO. 2-117-001066 DATE 1211 8103 
Sonic Drill Riq 

BORING TYPE Sonic 4" I.D. 

note: occasional gravel lense 

GROUNDWATER SAMPLE TYPE. 
A -   nit cuttings LOG OF TEST BORING NO. B-I 
S - 2" 0.0 .  1.38" ID .  tube sample 
U - 3" 0.0.2.42" 1.D. tube sample 
C - 4" 1.0. Sonic sample 
NR - No Recovery Page f of 2 
PR - P o w  Recovery 



PROJECT mr)at ueulec*l1ll~l lrlvesuyauon nepoll 
Fissure Risk Zone Remediation - amec 
McMicken Dam 

LOCATION See Site Pla 
JOB NO. 2-117-001066 DATE 1211 8103 

3 
Sonic Drill Ria 

note: occasional gravel lense typ. <I' 

GROUNDWATER SAMPLE TYPE 

A - D ~ I I  cutlings LOG OF 'TEST BORING NO. 8-1 
S - 2" 0 . 0  1.38" I.D. lube sample 
U - 3" O.D. 2.42" I.D. tubs sample 
C - 4" I.D. Sonic sample 

9 NR - No Recovery Page 2 of 2 
Y PR - Poor Recovery 



PROJECT Final Geotechnical Invesligalion Repod 
Fissure Risk Zone Remedialion - 
McMicken Dam 

LOCATION See Site Pla 
JOB NO. 2-1 17-001066 DATE 12117103 

Sonic Drill Rig 

note- occasional lense of silty sand 

GROUNDWATER SAMPLE TYPE 

NR - ~ o - ~ e c o v e ~  
PR - Poor Recovev 

Page 1 of 2 



PROJECT Final Geotechnical lnvesti~atlon Reporl Ai.3 

. - 

Sonic Drill Ria 

- 6 SURFACE ELEV. 

REMARKS VISUAL CLASSIFICATION 

25 hard 

30 

y y / m i  // j= 
L // Ill 

SILTY SAND, GRAVEL COBBLES,continued 

note: occasional lense of silty sand 

CLAYEY SAND TO SANDY CLAY, some silt, 
trace to considerable oravel. rare cobble well 
graded, moderately llri;e cemented, low 
light grayish-brown 

I I I l l l l lS i l l 1  1 I I I I I 
/ SC CLAYEY SAND, some gravel, pred fine to 

I I I had  medium arained sand, mod lime cemented, low to 

- 
- 
- 

0.5 - 

med p~asiicity, light reddish-brown 
Stopped Drill at 50' I 

GROUNDWATER SAMPLE TYPE 

A - D~ I I  cultings LOG OF TEST BORING NO. 8-2 
.p S - 2" O.D. 1.38" I.D. tube sample 

U .3" O.D. 2.42 I.D. tune sample 

P C - 4" I.D. Sonic sample 
NR - No Recovery Page 2 of 2 

4 PR - Poor Recovery 

8 ,  

/ ( p  

+j - - 
$21 c - .  

ML 
hard 

SANDY SILT, trace of clay, moderately lime 
cemented, low plasticity, light brown 



PROJECT Ftnal Geolechnical lnvesl~gatlon Report 
,'*9 A 

F~ssure Rlsk Zone Remedtallon .GI 

McMicken Dam ame@ 
LOCATION See Slte Plan 

JOB NO. 2-117-001066 DATE 12/17/03 

r I I I I I 1 RIG TYPE Sonlc Dr~ l l  Ria 
BORING TYPE Sonic 4" 1 D 

- 6 SURFACE ELEV. 

VISUAL CLASSlFlCATiON 

I 1 

I SM SILTY SAND, trace of clay, trace to cons~derable 
gravel, rare cobbles, well graded, weakly to 

10 I very f ~ rm  
moderately lime cemented, low plasticity, lighl 
brown 

note: occasional gravelly tense (lyp, cl ' )  

GROUNDWATER SAMPI F TYPE 

?;-I I 1 I PR. ~oor~ecov;ry 

~ ~ -. .~.~. -- . ~. - 

A A-D~~II cuttings LOG OF TEST BORING NO. 8-3 
S. 2" 0.0. 1.38" I.D. lube sample 
U - 3" 0.0.2.42" I.D. lube sample 
C - 4" I.D. Sonic sample 
NR - No Recovew Page 1 o f  2 

Q 

I 
x 

rn  DEPTH(^) HOUR 
none 



PROJECT F~nal Geolechnical Investigation Report 
Fissure Risk Zone Remedialion 
McM~cken Dam - 

LOCATION - See Site Plan 
JOB NO. 2-117-M)1066 DATE 12/17/03 

-- 
Sonic Drill Ria 

GROUNDWATER SAMPLE TYPE 

A - Drill cullings LOG OF TEST BORING NO. 8-3 
S - 2 O.D. 1.38" I.D. lube sample 
U - 3" O.D. 2 . 4 2  ID .  tube sample 

P 
C - 4" I.D. Sonic sample 
NR - No Recovery Page 2 of 2 

X PR - Poor Recovery 



PROJECT Final Geotechnical Inveslig_fion Report 
Fissure Risk Zone Remediation 
McMicken Dam -- 

LOCATION See Site Plan 
JOB NO. 2-117-001066 DATE 1211 8/03 

Sonic Drill Ria 

very Iirm lo hard 

note: occasional gravel lense 

L;-l 
GROUNDWATER SAMPLE TYPE 

A - Drill cullingr 
S - 2" O.D. 1.38" I.D. tube 
U - 3" 0.D. 2.42" I.D. tube 
C - 4' I.D. Sonic sample 
NR - No Recovery 
PR - Poor Recovery 

sample 
, ramole 

LOG OF TEST BORING NO. EI -4 

Page 1 of 2 



PROJECT Final Gmtechnical lnvesligation Report 
Fissure Risk Zone Remedialion 
McMicken Dam - 

LOCATION See Site Plan 
JOB NO. 2-117-001W - DATE 12/18/03 

TYPE Sonic 4" 1.0. 

GROUNDWATER SAMPI F TYPE - , . . . . , - - . . . - 

A - Drill cultings 
S -  2" O.D. 138" I.D. lube sample 
U - 3 O D  2 42" ID. lube ramole 

LOG OF TEST BORING NO. 8-4 

Page 2 of 2 NR - No Recovery 
PR - Poor Recovew 



PROJECT Final Geotechnical investigation Reporl 
Fissure Risk Zone Remediation 
McMicken Dam 

LOCATION See Site PI 
JOB NO. 2-117-001066 DATE 12118103 

Sonic Drill Rig -- 
BORING TYPE Sonic 4" I.D. 

GROUNDWATER 

- DEPTH(fl) HOUR ( DATE 
SAMPLE N P E  

A . Drill cullings 
S - 2" 0.D. 1.38" I.D. lube 
U - 3" O.D. 2.42" I.D. lube 
C -4" I D .  Sonic sample 
NR - No Recovery 
PR - Poor Recovery 

LOG OF TEST BORING NO. 
sample 
sample 

Page 1 at 2 



PROJECT Final Geotechnical lnvestigati~n Repori fv: Fissure Risk Zone Remediation ck:* 
MCMicken Dam 

LOCATION JOB NO. 2-1 17-001066 DATE 1.2n 6/03 
Sonic Drill Riq 

BORING TYPE Sonic 4" I .D. 

GROUNDWATER SAMPLE TYPE 

A - D,~I I  cullings LOG OF TEST BORING NO. 8-5 
S - 2" 0 . 0  1.38" l D tube sample - 
U - 3" O.D. 2.42" 1 D lube sample 
C - 4" I.D. Sonic sample 
NR - No Recovery Page 2 of 2 

Z PR - Poor Recovery 



GROUNDWATER SAMPLE TYPE 

A - D ~ I I  cutlings LOG OF TEST BORING NO. B -6 
S - 2 0 . D .  1.38" 1.D. lube sample 
U - 3" D.D. 2.42" 1.D. lube sample 
C -4"  I.D. Sonic sample 

9 NR - No Recovery Page 1 of 2 
X PR - Povr Recovery 



.&y.p. P ~ ~ J ~ ~ i  _Final Geolechnical lnvesligalion Report 
Fissure Risk Zone Remediation ed" '.G& 
McMicken Dam 

LOCATION See Site Pla 
JOB NO. 2-1 17-001066 DATE 12118103 

Sonic Drill Rig 
TYPE Sonic 4" 1 D. 

GROUNDWATER SAMPLE TYPE 

A - D ~ I I  cuttings LOG OF TEST BORING NO. B-6 
S - 2" O.D. 1.38" I.D. lube sample 
U - 3" O.D. 2.42" 1.D. lube sample 
C - 4" I.D. Sonic sample a. NR - No Recovery Page 2 of 2 

Y- PR - Poor Recovery 



PROJECT Final Geolechnical Inves!igation Reporl 9 Fissure R~sk  Zone Remedialion 
McMlcken Dam ame& 

LOCATION See Site Plan 
JOB NO. 2-117-001066 DATE 1211 9103 

Sonic Drill Ria 
TYPE Sonic 4" I.D. 

note: occasional Qravelly lense 

note. occasional lense of clayey sand 

GROUNDWATER SAMPLE TYPE 

.%m A 

D"II cuitings LOG OF TEST BORING NO. 8-7 
S -  2" O.D. 1.38" 1.D. lube sample 
U - 3" O.D. 2.42" 1.0. tube sample 
C - 4 '  I.D. Sonic sample 

Y NR - No Recovery Page 1 of 2 
x PR - Poor Recovery 



PROJECT Final Geotechnical Investigation Report 
Fissure Risk Zone Rsmediation - 
McMicken Dam 

LOCATION See Site Pia JOB NO. 2-7 17-001066 DATE 1211 9/03 
Sonic Drill Ria 

BORING TYPE sonic 4" 1.0. 

light grayish-brown 

note: occasionai gravelly iense [lyp 4') 

GROUNDWATER SAMPLE TYPE 
A - Drill cultings LOG OF TEST BORING NO. 8-7 
S - 2" O.D. 1.38" I.D. tube sample 
U - 3 O.D. 2.42" ID.  tube sample 
C . 4 I.D. Sonic sample 9 NR - NO Recovery Page 2 of 2 

&? PR - Poor Rewvery 



PROJECT Final Geolechnicai lnvesligation Reporl 
Fissure Risk Zone Remediation 
McMicken Dam 

LOCATION JOB NO. 2-117-001066 - DATE 12HBM3 -- 

GROUNDWATER SAMPLE TYPE 

A - D~II  cuttings LOG OF TEST BORING NO. 8-8 
S - 2" OD. 1.3V ID .  lube sample 
U - 3" O.D. 2 . 4 2  I.D. tube sample 
C - 4 "  1.D Sonic sample 

X NR - NO Recovery Page t of 2 
!z PR - Poor Recovery 



PROJECT Final Geolechnical Invesligalion Report 
Fissure Risk Zone Remedialion 

pf$ amec& 
McMicken Dam 

LOCATION See Site Plan JOB NO. 2-117-001066 DATE 12/16/03 
Sonic Drill Riq 

BORING TYPE Sonic 4" I.D. 

nole: occasional gravelly lense 

nole: occasional lense of sandy silt 

GROUNDWATER 

E 

SAMPLE N P E  

LOG OF TEST BORING NO. 8-8 

Page 2 of 2 



PROJECT Final Geotechnical lnvesligalion Reporl 
Fissure Risk Zone Remediation 
McMicken Dam 

JOB NO. 2-1 17-001066 DATE 1211 9103 

i - 7  I I I I  I I I I 

LOCATION 

A10 TYPE Sonic Drill Ria 

I I I I I I I I I BORING TYPE Sonic 4" I.D. 

VISUAL CL&SSIFICATION 
I I 
I / SM moderately firm SLLTY SAND, lrace lo some gravel, 

1 I I predominantly flne lo medium grained sand, some 
calcium carbonate, low plaslicitv, lipht brown 

occasional cobble, well graded. some calcium 
carbonate. low plaslicily, lighl brown 

GROUNDWATER SAMPLE TYPE 

, 81 4 :I bz. . . 
SM/SC 

very firm lo hard 

-- 

nole: occasional silty sand &gravel lense 

SILTY SAND TO CLAYEY SAND,some gravel, 
rare cobbles, predominantly One to medium 
grained sand, weakly lo moderately lime 
cemented, low plasticity, lighl reddish-brown to 
light brown 

T I  I 1  I PR - Poor ~ecoviry 

~~ -- . -  

g 
x 
a 

DEPTH(A) HOUR 
none 

DATE A - DIIII cullings LOG OF TEST BORING NO. - 0-9 
S - 2" O.D. 1.38" I.D. lube sample 
U - 3" OD. 2 . 4 2  I.D. lube sample 
C - 4" l D. SOnlC Sample 
NR - No Recovew Page 1 of 2 



PROJECT Final Geotechnical Investigation Report 
Fissure Risk Zone Remediation 

c(v 
McMicken Dam 

LOCATION JOB NO. 2-1 17-001066 DATE 12119103 

GROUNDWATER SAMPLE TYPE 

A - D~I I  cutlings LOG OF TEST BORING NO. B-9 
S . 2  0 D. 1.38" I.D. tube sample 
U - 3"0.D. 2.42" I.D. tube sample 

Y C - 4" I.D. Sonic sample 
NR - No Recovev Page 2 of 2 
PR - Poor Rewvery 







. ..----. - 
Fissure R i s k  Z o n a e d i a l i o n  
McMicken Dam 

JOB NO. 2-117-001066 DATE 3-31-04 RIG TYPE Burley 4000 
See Site Plan 

ORIENT.  -~ ~~ 

gravel, predominantly fine lo  medium grained sand, 
subangularla rubrounded, weakly to moderately lime 
cemenled; Stage I1 lo Ill, low plaslicily, lighl brown 

"ole: moderalely lime Gemenled (Slage IN+ lo Ill from 
2.5'10 4.1 8 5.5. lo 6.0) 

GROUNDWATER BORING OPERATION ' 
DEz_HInL A o k !  - S - 2 OD. Tubs Sample BW - BW-44 Rockcoring 

HO - 2 W O . D .  Tnpls-lubc swc-swcaxins LOG OF TEST BORING NO. . . .  B a . .  - Wlreline Rack Corinp NV - No Velua 
. 8 BDBGM Wtreline Rock Conng 

Page1 of 2 





rR" JCL. , , ,..-. ---.--, ,, ,,-, ,, ,."*%,3a,,", 1 n e p , ,  

Fissure Risk Zone Remedialion 
McMicken Dam 



rRVJCC , . ..,- --" .--, , ,,-, , , , " L > L , ~ " L , " , ,  I,=,,",, 

Flssure Rlsk Zone Rernedlat~on 
McMicken Dam 

JOB NO. 2-1 17-001066 'DATE 3-3004 ~ -. ... RIG TYPE Burley 4000 

LOCnTION See Site Plan 

predominantly fine lo medium grained said.  low 

note. occasional lense 01  clayey sand, gravel 8 cobbles 

._-GOR9V.NeWATER1 BORING OPERATION 
?EPIH (ff) HOUR DATE S . 2  O D  Tube Sampls BW- BW44 Rock Coring 

- .none HO - 2.0" o D ~fip~s-lube Bw .BwGes,ng LOG OF TEST BORING NO. L-!Z-- 
Wirelne Rock Carlng NV-  No Value EL- .. . B . BDBGM W~reline Rock Gating 

I___.- 
Page2 of 2 



rnV.ILI, . . - .. ....--..e....-.I I .-,.-,, 
Fissure Risk Zone Remediation -- 
McMicken Dam 



GROUN WhTER BORING OPERATION 
~6-1 x E - -  s .  2.. O D  ~~b~ Sample B W  - BW-44 R o c l  Coring 

-. B w c .  Bwc.,ing LOG OF TEST BORING NO. 8-1 3 
N V  - No Value 

6 - BDBGM mreline Rook CDnng. 

-1 Page 2 of 2 

mme Ha - 2 . 0  O D  Triple-lube 
Wireiine Rack Coring 



RAM GEOTECHNICAI- lK\~ESTIGAI'ION (JANliARY 2004) 



- - -- 
Section A - A, 

478+00 

-- 
"Om Qf Center Fitter orain 
levalien 1 nlq? . . - 



Test Trench P I -  Stage 1 
Looking South at South Wall 

.. . .~ 

, . 
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 P 1 - Stage 2 Test Trench PI - Stage 3 
Access 
Road 

Looking South at South.Wgll 

1350- -1350 

1340- - 1340 

Hole and Crack (Soufh Hole) 
~. . - . . . . . 



TEST BORING LOG 

R.A.M. Project No: GO8912 - Supplement A7 



TEST BORING LOG 

R A M .  Project No: GO8912 - Supplement A8 



TEST BORING LOG 

BORING NO. 478+00 C DATE: 8-1 9-03 BY:- DM 
PROJECT NAME:' Dam Repair SHEET NO. 2 OF 2 

Princi~al Spillway at M c u e n  Dam- GROUND ELEV. 1360.67' (NGVD 29) 
LOCATION: Sta. 478+08; 6' L W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drillinq 

NR = No Recovery 

Note: Second attempt was drilled at 
Sta. 478 t 11, 6' R ,  Elev. 1360.72 on 
downstream crest to check for filter 
cloth and gravel. Found nothing to la ' .  

R.A.M. Project No: GO8912 - Supplement A9 



TEST BORING LOG 

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



TEST BORING LOG 

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

Principal Spillway at McMicke~Dam ~- GROUND ELEV. 1339.53' (NGVD 29) 
LOCATION: Sta. 478+08; 14' L of Offset Fence Post W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: - D & S Drillina 

damp, stiff to very stiff, moderate ceme~ltation. 

No groundwater observed. 

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



1- 
cenler Finer Drain 

1370 

1- 

- 1350 

1 3 3 D  
- .  

Bonom d Breach . - . 

- ~e la t lve ly  Clean Granular Layer 

7-17/03 
Go891 2 (Supplement) 



1360 (NGVD 29). - 
\ ' 

Test Trench P2 
(Looking North) 

Sta. 478+68 

> ~ l e r  1341.33 (NGVD 29) 

Fill -Clayey Sand, Some Gravel. ~ e n s e  

9 Clayey lo Saly Sand, Some Gravel. 
Medium Dense lo Dense (SC-SM) 

11.5' 

Clayey Sand. Some Gravel. Dense, sl,ghtly to M ~ ~ ~ ~ ~ I ~ I ~  
Vesiclllar, Light Cemenlaiwn (SC) 

1 9' 
Sand (SP) - 1320 

20 7' 

Scale 1 '=  10' 

a ~ i l l -  Clayey Sand, Same Gravel & Rools, L ~ o h e  lo Medium Dense (SC) 

@ ~ l l l  -Clayey Sand, Some Gravl, Dense (SC) 

@ ~ r s v e l l ~  Sand, Some Clay. Dense (SC) 



TEST BORING LOG 

BORING NO. 478+75 U D A T E : A - 2 0 - 0 3  BY: DM 
PROJECT NAME: Dam Repair SHEET NO. 1 OF- 1 

Principal Spillway at McMicken Dam GROUND ELEV. 1340.00' (NGVD 29) 
LOCATION: Sta. 478+68; Upstream Toe W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: 0 & S Drillinu 

early dry, medium dense to dense, light 

No groundwater observed. 

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



TEST BORING LOG 

R.A.M. Project No: GO8912 -Supplement A15 



TEST BORING LOG 

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

Princinal Spillway at McMicken Dam GROUND ELEV. 1360.80' (NGVD 29) 
LOCATION: Sta. 478+68; 8' 6" L W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drilling 

Note: First attempt was drilled at 
Sta. 478+65, 9' R, Elev. 1360.56. 
Hi[ filter cloth and washed gravel 7'. 
Moved to upstream crest. 

This boring log reprewnu !he condilianr encounfrmd on h e  dale of drilling at 

R.A.M. Project No: GO8912 - Supplement A 16 



TEST BORING LOG 

478~75 BORING NO. DATE: 6-1 8-03 BY: DM 
PROJECT NAME: d m  Repair SHEET NO. 1 OF 1 

Principal Spillway at McMicken Dam GROUND ELEV. 1341.33"(NGVD 29) 
W.T. ELEV. None Encountered 

y to Silty Sand, Some Gravel; brown, 

NR = No Recovery 

R.A.M. Project No: GO8912 - Supplement A17 



TEST BORING LOG 

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

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

well compacted, medium plasticity fines. 

This boring lag rcprcsenu h e  eonailions encovnlcrcd on b e  dare oldrilliog a1 
his par~icular location No ober  warranty is cxprerrcd or intpllcd lo !he actual 
condi~ions which may exlrr within the vicinity of this boring location. 

R.A.M. Project No: GO8912 - Supplement A18 



Section C - C' 
479+50 

1350 - 
- 1350 

Bollom ol Breach 

(Elevation 1340') (Bollom Elevation 1,335') 1330 - 

Relatively Clean Granular Layel 

80 100 120 

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

7-1 7/03 
GO891 2 (Supplement) 



1360 (NGVD):. - 
Test Trench P3 
(Looking North) 

Sta. 479+47 

- Ffll - Clayey Sand, Some ~ravel,-&nse (SC)' , 

Scale l n = l O '  

1320 - QFN - Clayey Sand, Some Gravel 8 RooLs, Loose la Medium Dense (SC) 

@dl - Clayey Sand, Some Gravel, Dense (SC) 

@Gravelly Sand, Some Clay, Dense (SC) 
. . 

f 8.5) 
Sandy Clay, Trace Gravel. SI~H 

I '' 

ID Very SliH.Slighlly Lo Maderalely 
vesicular, Light Cementation (CL) 



TEST BQRING LOG 

BORING NO. 479+50 U DATE: 8-20-03 BY: DM - 
PROJECT NAME: Dam Repair SHEET NO. 1 OF 1- 

Principal Spillway at McMicken  am GROUND ELEV. j341.12' (NGVD 29) 
LOCATION: Sta. 479+38: Upstream Toe W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drilling 

* Sample too disturbed to determine density. 

R.A.M. Project No: GO8912 - Supplement A21 



TEST BORING LOG 

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



TEST BORING LOG 

R.A.M. Project No: GO8912 - Supplement A23 



TEST BORING LOG 

BORING NO. 479+50 D A T E : d - 1 6 - 0 3  - BY: - DM 
PROJECT NAME: Dam Reoair SHEET NO. -- 1 OF 1 

Princioal Spillwav at McMicken Dam GROUND ELEV.- 1339.60' (NGVD 29) 
LOCATION: S!a. 479+47.3; R58' (MU W.T1 ELEV. N o n e  Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drilling 

damp, stiff to very stiff, light cementation, 
lnediuln plasticity, slightly to moderately 

* Sample to disturbed to determine density. 

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



TEST BORING L O G  

BORING NO. 479+50 DT DATE: 8-20-03 BY: DM 
PROJECT NAME: --Darn Repair - SHEET NO. 1 OF 1 

Principal Spillway atMcMicken Dam GROUND ELEV. 1340.00' (NGVD 29) 
LOCATION: Sta. 479+38; 14' L of Offset Fence Post Align. W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 55 DRILLER: D & S Drillinq 

hrown, nearly dry, medum dense to dense, 

R. A.M. Project No: GO8912 - Supplement A25 



I cst Trench P4 
(Looking North) 

Sta. 480+00 

Scale 1'= 10' 

.1. Fill - Clayey Sand, Same Gravel & Roots. Loose to Medium D E ~ S ~  (SC) 

2. Fill -CI-yey Sand, Some Gravel. Dense (SC) 8 
@Silo lo Clayey Sand, Some Gravel, Medium Oense (SM-SCI 

. . . . 



1360 INGVD) - 

Test Trench P5 
(1-ooking North) 

Sta. 480c50 

Scale 1's 10' 

Fill - Clayey sand, same Gravel & Roals, Loose lo Medium Deose [SC) 

Fill- Clayey Sand. Svme Gravel. Dense (SC), 
Silly lo Clayey Sand. Soma Gravel. Medium Dense (SM-SC) 



RAM PKINCIP i L  OI'TLE'L' C;b;OTECHNICAL INVESTIGATION (APRIL, 2004) 



TEST TRENCH CROSS-SECTIONS 

1 TEST TRENCH A 

I J 10' 
0' 20' 

N 11' S 

2.5' 

R A M  Project No. GO8912 A2 

0' , 
Clayey Sand Backfill j 

North Wall of 
Still Basin 

Pervious Backfill 

E TEST TRENCH €3 W 

w s t  MI1 of 
Canal Channel 

- 

Clayey Sand Backfill 

0' 

10' 



TEST TRENCH C 
S 

Clayey Sand Backfill 

Clayey Sand Backfill 

4' 

South MI1 of 

R A M  Project No. GO8912 A3 

--..-.. L-....--.--...--..-.~---- 

Still Basin ) , Pervious Backfill A 6' 

10' 
0' 9' I f '  18' 



TEST TRENCH CROSS-SECTPONS 

TEST TRENCH E 
N S 
I 0°' 

Clayey Sand Backfill 

South Wall of 

Backfill 

0' 4' 15' 

TEST TRENCH F 
E W r- 

6" TO 12" Silt (Sediment) 1 / East End of 
Principal 
Spillway 

I Clayey Sand Backfili I 

Not To Scale 

RAM Project No. GO8912 A4 



TEST TRENCH CROSS-SECTIONS 

TEST TRENCH G 

RAM Project No. GO8912 A5 

E W 1 Clayey Sand With 
Some Gravel 

- 

0' 
East End of 
RIPRAP Channel 
Lining 

4' 
0' 5' 



CLASSIFICATION OF SOILS 

LEGEND 
ASTM Designation: DZ407-83 

LBared on Unlned SollClas~dcallon Svlleml 

So:lClar~ISration - .. . . . -. . - - - . -- 
C-roup Crilnla lorArsbnlng Group Symbols and GroupNalner Using Laboraloly Tests 

. - Name, -- . . .. 
aeon Qrvelr Ul,lsndl <Cc<J  O W  Vkligradedgmvd 

GTWBII i r u h 5 l f l o e r  -. - .- - 
COARSE.WNEOSCILS MorsLhan SO% mane C u 4  sndivr I,Cu3 OP P O O ~ Y  ~radsd 
M a e  h s n  EU%!elaioedan Iradmrelaloedan 
No 20C SleM No. l Skve Grav~ls UIylFines nnsilrlar%,ly 8% K L ~ M H  OM €40 Orowl 

h!a*IMn ,:%fine8 . - pp - .- 
Fineldllsltv OSCLarCilH PE ClayPY P C " ~  

FINE.GTUUNEDSOIlS 
m%ol"nisPa~.im 
NO. Z O S I B V P  

MOiSTURE CWMTION (INCREASING MOISTURE -) ) 

TEST BORING LOG DEFINITIONS 

Blows per fool using 140 pound hammer with 30 inch free-fall. 

DRY SLIGHTLY DPMP DAMP M O W  VERY MOIST WET (SATURATED) 
(Plasllc Limit) (Liquid Umit) 

f Blows/Fool 

CONSISTENCY CDRRELATION RELATIVE DWSITY CORRELATION ---.- - 
CLAYS & SILTS B L O W O O T  SANDS & GFAMLS BLOWFOOF -___ 

VERY SOFT VERY LOOSE 0-4 
SOFT 

LOOSE 4-10 
FIRM 
STIFF 816 MEMUM DENSE 1030 

VERY S T i F  I&?? DENSE 3D50 

U 

~ ~. .- -- 
HARD IWER 32 1 VERY DENSE OVER 50 

C = Continuous Penetration Resisfance (2 inch diameter rod) 

N = Standard Penetration Resistance (ASTh4 01586) 

10 " x, a 40 so w 70 a0 aJ rm 110 R = Penetration Resistanoe (3 inch diameter ring linesampler) 
LIQUID LIMIT (LL) 

GRAINSIZES 
U.S. STANDARD SERIES SlEM CLEAR SOUARE S I M  OPENINGS 

40 , 
SILTS & CLAYS SAND GRAVEL 
DISTINGUISHEO ON COBBLES BOULMRS 
PASIS OF PLASTICIN COARSE FINE COARSE 

'Numbw of b h s  of 140 lb hammer falling 3O"to drive a 2" O.D. (1-318" 1.0.) cplitcpoon s a m p l e r ( ~ s ~ ~  131586) 

R.A.M. Praied No GnR917 . - 



T EST BORING LOG 

BORING NO. H 1 DATE: 6-19-03 BY: DM 
PROJECT NAME: Principal Spillway at SHEET NO. 1 OF, 1 

McMicken Dam GROUND ELEV. 1,355.5' 
LOCATION: Joint S3 W.T. ELEV. None Encountered 
DRILL EQUIPMENT: Vacuum Truck Excavation DRILLER: AZTEC 

low plasticity fines. 

No groundwater observed. 

* Sampler driven with 40 pound hand 
operated slide hammer. 

Vacuum truck used 0 to 4.5 feet 
continuous drive sampling below. 

R.A.M. Project No: GO8912 A7 



TEST BORING LOG 



TEST BORING LOG 

.., R.A.M. Project No: GO8912 '~~ A9 



TEST BORING LOG 



TEST BORlNG LOG 



TEST BORlklG LOG 

..., R.A.M. Project No: GO8912 A12 



TEST BORING LOG 

R.A.M. Project No: GO8912 A13 



TEST BORING LOG 

BORING NO. 2 DATE: 6-1 7-03 BY: DM 
PROJECT NAME: Principal S~illway at SHEET NO. 2 OF 3 

McMicken Dam GROUND ELEV. 1,337.0' 
LOCATION: Northeast Corner ofs l l ina  Basin W.T. ELEV. None Encountered 
DRILL EQUIPMENT: CME 75 DRILLER: D & S Drillina 

damp to nearly dry, mediultl dense to dense, 

moderate cementation. 

- continued - 

., R.A.M. Project No: GI8912 A14 



TEST BORING LOG 

-. R.A.M. Project No: GO8912 A15 



TEST BORING LOG 

R.A.M. Project No: GO8912 A16 



TEST BORING LOG 

R.A.M. Project No: GO8912 



TEST BORING LOG 

BORING NO. 4 DATE: 6-1 8-03 BY: DM 
PROJECT NAME: Principal Spillwav at SHEET NO. 1 - OF 3 

McMicken Dam GROUND ELEV. 1,338.0' 
LOCATION: Southeast Corner of Stillina Basin W.T. ELEV. None Encountered 
DRILL EQUIPMENT: _CME 75 DRILLER: D & S Driliinq 

ow to medium plasticity fines. 

brown, nearly dry, medium dense to loose, 
low plasticity fines. 

- continued - 

R.A.M. Project No: GO8912 A18 



TEST BORING LOG 

R.A.M. Project No: GO8912 



TEST BORING LOG 

R.A.M. Project No: GO8912 A20 



N&M PRINCIPAI.. Oli'l'LE'I' <;EOTEC:IINICAL INVES1'1(;22T10N (2005) 



TE DRILLED -- 

ROUND ELEVATION 

140 ihs. ( A u l a l ~ ~ a l t c  Hamner) RIVE WEIGHT 

--- 

Pink (7.SYR, 714); dense; weak to moderate cementation; strong reaction with H 

-- 
PLEISTOCENE ALLUVIIJM: 
Pink (7.5YR. 713), damp. dens*, sandy tine to coarse GRAVEL; trace silt; num 
caliche filaments and nodules (Stage 111); strong reaction with HCI; moderate 

nunlerous caliche filaments (Stage 111); weak cementation; strong reaction with HCI. 

Light brown (7.5YR, 614). 

Yellowish red (SYR, 4!6); decrease in caliche conlent; nlodernle reaction with HCI. 

--- 

MARICOPA COUNTY. AKlZONA 



- 

DTI23IO5 BORING NO. D-2 

D ELEVATION i1.137 MSL SHEET -- I OF - I 

DRIVE WEIGHT 140 lbs. ( A u l o ~ ~ ~ c  Hamnicr) DROP -- 30" 

HOLOCENE ALLWIUM: 
Brownish yellow (IOYR, 616), damp, medium dense, clayey fine to coarse SAND; low tc 
medium plasticity; few silt. 

Yellowish brown (IOYR, 516); scattered caliche filaments (Stage 1); weak cementalion. 

Strong brown (7.5YR, 516); dense. 

. P ! ? :  
Light yellowish brown (IOYR, 614). damp, dense, clayey tine to coarse SAND; low lo 
medium plasticity; few silt; weak to moderate cementation; snong reaction with HCI. 

trace silt. 

Strong brown (7.5YR, 416); mediurn dense; increase in gravel content. 

ter not encountered. Grouted on 05/23/05. 
- - 

, PROJECT NO. DATE 1 FIGURE 



GROUND ELEVAllON ? l . j j i ' M S L  SHEET 1 OF 2 

140 lbs. (Aulomalic Hammer) 

, damp, medium dense, clayey SAND: caliche nodules and 

dium dense; scattered caliche nodules. 

e to coarse-grained. 

Vrry drnse; frw clay. 





BORING NO. ___ 

SHEET I OFI- 

LLlNG CMC-75, 6.5'' Diameter Hoiiuw-Skein Auecr -- 
DRIVE WEIGHT -- 140 ihs. (Aulomil(ic Hsmmci) 

~ ~... 
SM HOLOCENE E 2 L L U V l W  

Light yellowish brown (IOYR, 614), damp, dense. silty fine to coarse SAhV; low to 
medium plasticity; trace silt; trace fine gravel; weak cementation; strong reaction wilh 

Light yellowish brown (IOYR, 614), medium dense lo dense. 

--  - - - - -  ~ ~ .~ .~ -- - .  - - -  - ~ 

sc Light yellowish brown (lOYR, 6i4) ,  damp, dense. clayey fine lo medium SAND; trace 

, v e q  dense, sandy fine to coarse GRAVEL; 

fine gravel; weak cerncntation. 

MARICOPA COUNTY. ARIZONA 

. ..~ 
Tolal depth = 18.3 feet. 
Groundwater not encountered. 
Grouted on 05123105. 

MCMICKEN D.4M PRWCIPAL SPILLWAY 



DATE DRILLED -- 05125105 BORING NO. 

11,334'MSL SHEET I OF 2 - 
METHOD OF DRILLING CME-75, 6.5" Dis~nelcr Hollow-S~eln Auger - 

DRIVE WEIGHT 140 Ios. (Aus'ona~ic Ha~~,!ncr) 

SAMPLED BY JSR 

H O L O C E N E _ A . ~ L W ~ I  
Yellowish brown (IOYR, 514), damp, mediu111 dense, clayey fine ta coarse GRAVEL w 
sand; low plasticity; trace clay; scattered caliche filaments; weak cemenlation; moderat 
reactio~i with HCI. 

- - - - ... - - . . - - - .- - .- - .  - - - ... - - - - - -. - - - - 
rk yellowish brown (IOYR, 5!8), damp, medium dense, clayey fine lo medium SA 
e to medium plasticity: low silt; trace fine gravel; scattered calicbe nodules. 
- - -  

ong brown (7.5YR. 516), damp, very dense, sandy fine la coarse GRAVEL; trace silt. 

,614), damp, very dense, sandy, fine to coarse GRAVEL; 
lrace silt; possible cobbles or boulders. 

~r~oderate  reaction with HCI. 
Light yellowish brown (LOYR, 614). 

Light brown (7.5YR, 614); wcak cenrentation. 

Strong brown (7.5YR, 516). 

BORING LOG 
MCMICKEN DAM PRMCIPALSPILLWAY 

MARICOPA C O V N N .  ARIZONA 

DATE FIGURE 

600996001 08/05 I A-6 





DATE DRILLED - 05126105 BORING NO. 

SHEET 1 OF I -- 

DRIVE WEIGHT 140 lbs. (Aulonl~ltc H:un~ncr) 

SAMPLED BY JSR 

roximately 30" thick. 

to coarse grayel; scattered caliche filan~cnts and nodules (Stage [I); weak cementati 
strong reaction with HCI. 
Yellowish brown (IOYR, 514). 

. - 

Total depth = 14.4 feel. 
Groundwater not encountered. 
Grouted on 05126!05. 





DATE DRILLED -- 

SHEET 2 OF 3 

RIVE WEIGHT 110 lbs. (Automatic Hammcr)  

AMPLED BY TLC LOGGED BY BEP REVIEWED BY 
DESCRlPTlONllNTERPRETATlON -- 

j Y R ,  4/11), damp, stiff, sandy CLAY; scatte 

, 6:3), damp, hard, gravelly CLAY with sand; scattered calich 

attered caliche filaments and nodules. 

- 
~p Reddish brown (5YR. 5/3), damp, dense, sandy GRAVEL; caliche coating on gravel; 

strong reaction with HC1. 

Light reddish brown (SYR, 6/11); very dense. 

MARlCOPA C O W W ,  ARIZONA 





SHEET _-.I OF 3 

140 lbr. (Aulatnaric i i am~ner j  

LOGGED BY T1.C REVIEWED BY 

oarse sand; scattered caliche nodules; low plasticity fines; few silt. 

Light brown (7.5YR, 614); fine to coarse-grained sand. 

Brown (75YR, 4 4 ) ;  very dense; increase in clay content. 

Strong brown (7.5YR, 416); dense; decrease in clay content; scattered cemented caliche 

Light brown (7.5YR, 614); numerous caliche nodules; few sand. 





BORING NO. 

SHEET 3 OF 3 

DRIVE WEIGHT 140 lbs. (Ago~nal ic  H a ~ n ~ n c i )  

SAMPLED BY TLC LOGGED BY TLC REVIEWED BY RDL 
DESCRlPTlONllNTERPRETATlON 

Fine to coarse-grained; no cementation or caliche. 

Yellowish brown (IOYR, 514); trace clay. 

Light yellowish brown (IOYR, 6!4); scattered caliche filaments and nodules; weak 

Light brown (7.5YR, 614); trace clay. 
- ~~ 

Total depth = 49.5 feet. 
Groundwater not encountered. 
Grouted on 05/24/05. 

PROJECT NO. 



BORING LOG 
MCMICKEN DAM PRINCIPALSPILLWAY 

MARlrOPA COUNTY AKIZOLIA 

DATE FIGURE 

---- --- L 600996001 08/05 1 A-15 



DATE DRILLED BORING NO. B-9 

-- 
SHEET 2 OF 2 -- - 

DRIVE WEIGHT 140 lbs. (Automalic Hummer) DROP 30" - 

SAMPLED BY TLCiBEP LOGGED BY TLCIBEP REVIEWED BY RDL 
DESCR~PTIONIINTERPR~TATION 

. - - - - - - - - - - - - - - - - - -. .- - - - - - -. - - - - - - - 
wn (7.5YR, 514), damp, very dense, clayey fine lo medium SAND; scartered caliche 
ules and filaments; caliche coating on grains; moderate to slrong reaction with HCI. 

72 107 ' 115 

Total depth = 29.4 feel. 
Groundwater not encountered. 
Grouted on 05/25/05. 



DATE DRILLED -- 05/24/05 BORING NO. 

GROUND ELEVATION i1 ,337 '  MSL SHEET i OF - 2 

-- 

DRIVE WEIGHT 110 lbs. (Automnlic Hammer)- 

-- WEDBY RDL 

Very loose to louse; layer of clay approximately 3" thick with scattered caliche filaments 
and nodules. 

Very loose; fine to medium-grained. 

Mediurn dense; damp to moist; increase in clay content. - 
SP H O L O C E X A L L U J ' M :  

i Yellow~sh brown (lOYR, 5/1), damp, medium dense, fine to coarse SAND. 

/Pale brown (IOYR, 613); loose to medium dense; trace silt. 

Yellowish brow11 (IOYR, 514); dense; medium to coarse-grained. 

BORING LOG 
MCMICKEN DAM PR~NCIPAI. SPILLWAY 

MARICOPA COUNlY. ARI7,ONA 



DATE DRILLED Oj124105 BORING MO. 0 - 1 0  - 

GROUND ELEVATION - t1,317'MSL SHEET 2 OF 2 -- 

DRIVE WEIGHT 140 lbs. (Aulornalic Hammer) DROP 10" - 

SAMPLED BY TLC LOGGED BY TLC REVIEWED BY RDL 
DESCRlPTlONllNTERPRETATlON 

coarse SA,NDD 

'ne-grained; scattered caliche filaments and nodules. 

Brawn (7.5YR, 514); dense. 

Groundwater not encountered. 
Grouted on 05124105 

MCMICKENDAM PRINCIPAL SPILLWAY 
MAKICOPA COUNTY, ARIZONA 

P R O J E C T N O T  7 FIGURE 

A-18 



DATE DRILLED 

GROUND ELEVATION f 1,335' MSL SHEET I OF 1 

DRIVE WEIGHT I 4 0  lbs. (Automatic Hammer) 

AMPLED BY TLC 

GRAVEL; low LO medium plasticity; few silt. 

-- 

Reddish yellow (SYR, 616), damp, dense, sandy fine to coarse GRAVEL; trace silt. 

Yellowish brown (IOYR, 514); very dense; trace fme gravel. 

Backfilled on 05/23/05. 





............ ZM PRMCIPAI. SPILI.WAV ...~ 

SOIL DESCRIPTION 

ALL 1 WI 

dlrater t ior encauarcred. 
Ibd with con~p;~cted suii on cJhll:i!Oj. 

..... -~ ...... 

x 
? 
w 
m 

: 
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TEST DRILLING EQUIPMENT AND PROCEDURES 

Description of Subsurface Exploration Methods 

Auqer Boring Drilling through overburden soils is performed with 6 518-inch O.D., 3 114-inch I.D. 
hollow stem auger or 4 IR-inch solid stem continuous flight auger. Carbide insert teeth are 
normally used on bits so they can penetrate soft rock or very strongly cemented soils. A CME-75 
truck-mounted drill rig is used to advance the auger. The drill rigs are powered with six-cylinder 
Cummins diesel engines capable of delivering about 11.4 kN-m torque to the drill spindle. The 
spindle is advanced with twin hydraulic rams capable of exerting 90 kN (20,000 pounds) downward 
force 

Generally, refusal to penetration of the auger is adopted as top of the SGC or "river-run" material or 
harder bedrock, which require other techniques for penetration. Grab samples or auger cuttings 
may be taken as necessary. Standard penetration tests or 2.42-inch diameter ring samples are 
taken in conjunction with the auger borings as needed, with the sampling interval and type being 
indicated on the boring logs. 

Hammer Drill Drilling with the Hammer drill is accomplished with a Drill Systems AP-I000 drill rig 
advancing a double-walled drive casing with a link-belt 180 diesel pile driving hammer, having a 
rated energy of 8,100 foot-pounds per blow. Where noted on the boring log, the hammer is 
equipped with a superchargerwhich can boost the energy to approximately 12,000 foot-pounds per 
blow. The supercharger is used only in portions of the boring where blow counts are relatively high. 
Cuttings are removed with compressed air by a reverse circulation process, and are collected in a 
cyclone from which grab samples are obtained. The drive casing is either 9-inch O D ,  by 6-inch I.D. 
or 6 518-inch O.D. by Cinch I.D. and employs an expendable bit of slightly larger diameter than the 
0 .D .  of the casing. Hammer blows required to advance the drive casing are recorded in I-foot 
increments, as noted on the boring logs. Standard penetration tests or 2.42-inch diameter ring 
samples taken are noted on the boring logs. 

Core Boring Rock core samples are retrieved using a CME-75 drill rig. SAITECH GH 3 rig or Burley 
2500,4500 or 4000. The GH 3 is a portable hydraulic core drill. The GH 3 is powered by a Kohler 
two-cylinder 25-horsepower engine. The hydraulics motor which feeds a two-speed transmission 
and powers the BW spindle. This unit has a 3-foot stroke and is hand-fed with a 2,000 pound push- 
pull capability. The GH 3 has the capability of drilling with either B- or N-size core steel using 
standard orwireline systems. N-size core is the preferred size and it has a nominal O.D. of about 2 
inches. The Burley 2500 and 4500 series are portable hydraulic core drills. The 4500 series is 
capable of a track-mounted or skid-type chassis. The Burley 2500 and 4500 series are powered by 
44 and 75 HP power units, respectively. provide up to 2,000 foot-pounds (ft.-lbs.) of torque and in 
excess of 1,000 revolutions per minute (RPM) of spindle speed. Both rigs are capable of retrieving 
either N- or H-sized core using wireline systems. The N-size core has a nominal O.D. of about 2 
inches and the H-size of about 2.4 inches. The Burley 4000 is a track-mounted core drill. 

The CME-75 utilizes a wireline core drilling system that takes N-size cores. Using the NQ wireline 
system, core is recovered quickly by retrieving the core-laden inner tube through the drill string. 



TEST DRILLING EQUIPMENT AND PROCEDURES (Cont.1 

Samplinq Procedures Dynamically driven tube samples are usually obtained at selected intervals in 
the borings by the ASTM Dl586 test procedure. In many cases, 2-inch O.D., 1 318-inch I.D. 
samples are used to obtain the standard penetration resistance. "Undisturbed" samples of firmer 
soils are often obtained with 3-inch O.D. samples lined with 2.42-inch I.D. brass rings. The driving 
energy is generally recorded as the number of blows of a 140-pound, 30-inch free fali drop hammer 
required to advance the samples in 6-inch increments. However, in stratified soils, driving 
resistance is sometimes recorded in 2- or 3-inch increments so that soil changes and the presence 
of scattered gravel or cemented layers can be readily detected and the realistic penetration values 
obtained for consideration in design. These values are expressed in blows per 6 inches on the 
boring logs. "Undisturbed" sampling of softer soils is sometimes performed with thin walled Shelby 
tubes (ASTM D1587), pitcher samplers, Denison samplers or continuous CME samplers. Where 
samples of rock are required, they are obtained by NQ diamond core drilling (ASTM D2113). Tube 
samples are labeled and placed in watertight containers to maintain field moisture contents for 
testing. When necessary for testing, larger bulk samples are taken from auger cuttings. Also, 
representative samples are obtained from the cuttings from the hammer and Schramm drill rig. 

Borinq Records Drilling operations are directed by our field engineer or geologist who examines 
soil recovery and prepares the boring logs. Soils are visually classified in accordance with the 
Unified Soil Classification System (ASTM D2487), with appropriategroup symbols being shown on 
the boring logs. 



TERMINOLOGY USED TO DESCRIBE T-HHRELATIVE DENSITY. 
CONSISTENCY OR FIRMNESS OF SOILS 

The terminology used on the boring logs to describe the relative density, consistency or firmness of soils 
relative to the standard penetration resistance is presented below. The standard penetration resistance (N) 
in blows per foot is obtained by the ASTM Dl586 procedure uslng 2" OD.,  1 318" I.D. samplers. 

1. Relative Density. Terms for description of relative density of cohesionless, uncemented sands and 
sand-gravel mixtures. 

Relative Density 

Very loose 
Loose 
Medium dense 
Dense 
Very dense 

2. Relative Consistency. Terms for description of clays which are saturated or near saturation. 

N - Relative Consistency Remarks 

0-2 Very soft 
3-4 Soft 
5-8 Medium stiff 

9-15 Stiff 

16-30 Very stiff 
30+ Hard 

Easily penetrated several inches with fist. 
Easily penetrated several inches with thumb. 
Can be penetrated several inches with thumb with 
moderate effort. 
Readily indented with thumb, but penetrated only w~th 
great effort. 
Readily indented with thumbnail. 
indented only with d~fficulty by thumbnail. 

3. Relative Firmness. Terms for description of partially saturated andlor cemented soiis which commonly 
occur in the Southwest including clays, cemented granular materials, silts and silty and clayey granular 
soils. 

Relative Firmness 

Very soft 
Soft 
Moderately firm 
Firm 
Very firm 
Hard 



7 UNlFsED CLASSIFICATION SYSTEM FOR SOILS 7 
Soils are visually classified by the United Soil Classification System on the boring logs presented in this report. 
Grain-size analysis and Aiterberg Limits Tests are often performed on selected samples to aid in classification. 
The classification system is  briefly outlined on this chart. For a more detailed aescription of the system, see 
" The Unified Soil Classification System " ASTM Designation: 02487 

. . 

MAJOR DIVISION YPICAL DESCRIPTION 

CLEAN GRAVELS 
(Less than 5Yr passes No. 200 sieve) 

Poorly graded gravels, gravei-sized mixtures 
or sand-gravel-cobole mixture. 

Silty gravels. gravei-sand-siit mixture. 

Clayey gravels. gravel-sand-clay mixture. 

Well graded sands, gravelly sands. 

CLEAN SANDS 
(Less than 5% passes No. 200 sieve) 

Poorly graded sands. gravelly sands. 

I y sands. sand-silt rnixlures. 

(More than 12% 

y sands, sand-clay mixtures. 
on plaslicity cnart 

Inorganic silts. clayey silts with slight 
plasticity. 

SILTS OF HlGH PLASTICITY MH 
inorganlc silts of high plasticity, silty sails. 

(Liquid limii more than 50) elastic silts. 
.. 

CLAYS OF LOW PLASTICITY Inorganic clays of low lo medium plasticity, 
(Liquid limit less than 50) gravelly clays. sandy clays. silty clays, lean clays. 

CLAYS OF HIGH PLASTICITY Inorganic clays o i  high plasticity, fat clays. 
(Liquid limit more than 50) silty and sandy clays of nigh plasticity. 

-. - ... . -. -- 

NOTE: Coarse-grained soils with between 5% to 12% passing the No. 200 sieve and iine-grained soils with limits plotting in the hatched zone 
on the plasticity chart to have dual symbol. 

.... 

PI.ASTICIN CHART OEFlNlTlONS OF SOIL FRACTIONS 
60 

Bouldsrs Abovc 300mm jl2in.) 
Cobbles :l00rnm lo 15mm (12in. ia 3in.l 
 ravel 76mm (3in.l lo NU. a sieve 

coarse gravel 7smw ia !smm 13in in 314in.l 
Fine gravel TBmm 13'din ) Ic Na. 4 sieve 

Sand No. 4 io No. 200 
Coane No. I :o No 10 
hledium NO. 10 lo NO. 10 
Fine No. 40 lo Na. 200 

Fines l i l f  or day) Below NO. 200 sievs 



.. .. ... .- 
11/22/06 JOB NO. 6-1 17-901025 DATE .- 

BACKHOE n p ~ - L a n d D u q  Test Pit - 
O C  Sta. 15+00 LOCATION 
Upper Downstream Slope ~. ... . 

ASTM D2292 

SAMPLE TYPE 
B - Undisturbed BulkSample 
D - Dlslurbed BulkSample 
V - 3 " O D  2 4 2 ' 1 0  fubesample 

LOG OF TEST PIT NO. 
A -  Dnll CuLllgs 
G - Grab sample Page 1 of 1 



PROJECT Wittrnann ADMP - - - 

.~ -- - 

06  NO, 6-1 1 7 - 0 0 1 0 2 5  DATE 11122106 
BACKHOE TYPE...H~~LLLG Test Pit ... ~ ~-~ 

0.C Sta. 15+00 LOCATION - .. -- 
Lower ~ownstrearn Slope -. .- 

SOIL DESCRIPTION 

ASTM 02292 

2 SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42" 1.0 lube sample 

LOG OF TEST PIT NO. ??HOG-IT 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT Wlttmann ADMP - 

- -. ......... 

JOB NO. 6-117-0010?5.. DATE 11122/06 
BACKHOE TYPE Hand Dug Test Pit .. .... 

GROUNDWATER O C  Sta. 100+00 

...... 

ASTM 02292 

I I Stopped Digg~ng at 1 ' 6  

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42' ID .  Lube sample 

LOG OF TEST PIT NO. TH06-2 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



JOB NO. 6 - 1 1 7 : 0 ~  . DATE 1122106 
BACKHOE T Y P E - ~ . W T ~ S ~  Pit ~ ~ - 

GROUNDWATER LOCATION 0.C Sta. i60+00 - 
Upper ~own i t rearn  Slope Lq SURFACE ELEV. ,327.7' 1 DATUM NAVD88 - 

SILTY SAND, trace of fine grained, subangular to subrounded gravei, 
some medium to coarse grained, subangular to subrounded sand, 
uncernentea, nonplastic to low plasticity, brown 

I 
i -  

ASTM D2292 
Nuclear Density 

at 2.0' Dry 

2 -  
4 Density 108 pcf 
p 

2 

B - Undislurbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"O.D. 2.42 I.D. lube sample 

LOG OF TEST PIT NO. TH06-3C- 
A -Drill Cuttings 
G - Grab sample Page 1 of 1 



-. ... 
JOB NO, _ 6-1 17-001025 _ DATE 2 2 2 1 0 6  

BACKHOE TYPE- Hand Dux&stPR .. 
GROUNDWATER LOCATION 0 .C  Sta. 160+00 

-- 

Lower Downstream SioTe- 

i SURFACE ELEV. 1331.4' . 
NAVD 88 - 

SOIL DESCRIPTION 

some fine to medium grained, subangular to subrounded sand, low 
plasticity, brown 

ASTM D2292 

I 1 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" 00.2.42" 1.D. tube samDle 

LOG OF TEST PIT NO. 1 0 6 - 3 T  
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT Wittmann A D M P ~ ~ ~ ~  

.. . . .- 
JOB NO, - 6-117-001025 _ DATE 11122106 - _  

BACKHOE TYPE Hand Duq Tea?Pit - 

0 . C  Sta. 240+00 LOCATION 
Upper Downstream Slope . -- 

ned, subangular to subrounded sand. 
h plasticity. brown 

ASTM D2292 

SAMPLE TYPE 
B - Undislurbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"O.D. 2.42" I.D. tube sarnole 

LOG OF TEST PIT NO. TH06-4C 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT %L!Lan!L!!!??- . - 

.. ....... . . .  

JOB NO, 6-1 17-001025 DATE 311122106., 
BACKHOE PIPE. Hand Ouq T e s ! L . - . _ -  

GROUNDWATER 0.C Sta. 240+00 LOCATION - -  -- - 
Lower Dow?stream  slope^^ . . 

SURFACE ELEV. 1320.0' 
DATUM NAVD 88 .... 

SOIL DESCRIPTION 

. WITH GRAVEL, some fine grained. subangular to 
subrounded gravel. some fine to medium grained, subangular to 
subrounded sand. weakly cemented, low to medium plasticity, brown 

...... 

ASTM D2292 

at 2.0' Dry .,:, ) -- - 

2 /' ' 13 
Stopped Digging at 2' 

I 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"0.D. 2.42 ID. tube sample 

LOG OF TEST PIT NO. ..TH06-4T 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT . . Wrttmann ADMP 

1 
- 

.-. 
... 

SAMPLE TYPE 

..... ... - .. 

J O B  NO. . 6-117-001 025. .. DATE .1J!?2106 . -- 
BACKHOE TYPE-H~E! Duq Test P i _ . . - -  

- 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42 1.0. tube sample 

LOG OF TEST PIT NO. - -Woe-5 
A - Drlll Cuttinss 

r- 

G - Grab sample Page 1 of 1 

.. 
2 p - - . -  % g ~ g ;  DATUM NAVD 88 
z a 6 ; "  D m "  fi g r n  E . Y - u 3  P ' " 0  o : k P  - a m  dGb 53 : m zoao S D ~  REMARKS 

D '"~m CLAYEY SAND, 

..- 
subrounded sand, strongly cemented, low plasticity, light brown 

. .  . :  
ASTM D2292 

...... Nuclear Density 
at 1.5' Dry 

6--- Density 100 pcf 

I 1 Stopped Digging at 1 ' 6  

- m 
c - 

-9. L 

GROUNDWATER O.C Sta. 300+00 LOCATION 
Middle Downstream .. - Slope 

SURFACE E L E V . ~ . .  - 



PROJECT . Wittmann ADMP .. - .. . . . -- 

note: Stage I cementation 8 trace of fine grained gravel below 3 ' 6  I 

JOB NO. . 6-117-001025 .. DATE 1217106 ~~ . .- 
BACKHOE TYPE VOlvO Bm. .  

CLAYEY SAND, predominantly f~ne  to medium grained sand, Stage I+ 
cementation. low to medium plasticity, dark reddish-brown 

7 // 
SCIGC SAND & GRAVEL WITH CLAY, predominantly well graded sand, some 

slightly mo ls  to considerable well graded grave  subangular to subrounded, Stage I to 
II+ cementation. medium plasticity, tan to white 

-- 

10 4,555 1 u -. . 
SAMPLE TYPE 

CLISC -. slightly moist SAND & CLAY, predominantly fine 
uncemented, medium to high plasticity, reddish-brown 

GROUNDWATER LOCATION -. Sta. 10+00 - .RinW Downstream ~ ~ __ 
. -. . - . -- SURFACE E L E V . - ~ . ~ '  

B DATUM -- NAVD ..... 88 .- 

I 
< 

5 ; Po, 

B -Undisturbed BulkSample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42 1.0. lube sample 

LOG OF TEST PIT NO. TP06-1 

REMARKS d c h  

A - Drill Cuttings 
G - Grab sample 

A% 
$ 3  

8 5 9  
E l "  3 o b  

; 
E 
Z SOIL DESCRIPTION $ 4  

Page 1 of 2 
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PROJECT Wlnmann&DMP.__-.  

BACKHOE T Y P E V ~ ~ V ~  EL70 ~. - 
Sta. 10+00 LOCATION 
Downstream - - -. . . .. 

SURFACE ~~~~.~1334?.___ 

SOIL DESCRiPTlON 

note: Stage II cementation below 10' 

note: SC zone. predominantly fine to medium grained sand from 11' to 12' 

note: decrease in fines below 12'. possible SPIGP 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" 0.0. 2.42" 1.0. tube sample 

LOG OF TEST PIT NO. IP06-1 
A - Drrll Cuttings 
G - Grab sample Page 2 of 2 



-- . .. . - - - 
JOB NO. 6-117-001025 .. DATE 1214106 - .  

BACKHOE TYPE-L~O . -- 
Sta. 20+00 LOCATION 
Channel 

note: trace of fine grained gravel below 6' 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D -Disturbed Bulk Sample 
U - 3 ' 0 . 0 .  2.42 I.D. tube samole 

LOG OF TEST PIT NO. _.TP06:2- 
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



PROJECT _Wlttmann ADMP . -. 

U A C K ~ U E  T Y p E x ! ! a L ? L - .  
LOCATlr" %fa m+nn 

SURFAC 

- -~~ .. ~ - -- 

JOB NO. . . 6 i ! E X 0 2 . S .  DATE -1214106 BACKHOE T Y P E V O ~ V ~ L ~ L - .  
Sta. 20+00 LOCATION 
Channel -. .- 

SURFACE ELEV. 1326.0' 

SOIL DESCRIPTION 

note: predominantly fine to medium grained sand &Stage I cementation 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"0.D. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. TP0612. 
A - Drill Cuttings 
G - Grab sample Page 2 of 2 



PROJECT mnmann !'DMP . _ 

. _. 

JOB NO, 6-117-001025 DATE 1214105 
BACKHOE TYPELVO~VO EL70 ... - 

Sta. 30+00 LOCATION _ -  
Channel 

-- -. 
SURFACE ~ ~ ~ ~ . - ! 3 2 6 . 8 '  - .. . . 

NAVD 88 . . . .- 

note: increase in fine grained gravel & brown in color, Stage I to II 
cementation below 5' 

SAMPLE TYPE 
B - Undislurbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O.D. 2.42" ID. tube sample 

LOG OF TEST PIT NO. 1P06-3  
A -  Drill Cuttings 
G - Grab sample Page 1 of 2 



PROJECT W i t t m a n n  ADMP .. .- 

JOB NO, 6-1 17-001025 DATE ..,.._?2/4/06 . 
BACKHOE TYPE Volvo BL70 

Sta. 30+00 LOCATION . .. 
Channel 

. 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" 0.0. 2.42" 1.0, tube sample 

LOG OF TEST PIT NO. TP06-3 
A - Drill Cuttings 
G - Grab sample Page 2 of 2 



JOB NO, 6-1 17-001025 DATE . 12/7/06 
BACKHOE T Y P E V ~ ! V ~ B ! Z ! _ _ _ ~ .  

Sta. 40+00 LOCATION ~~ 

Downstream 

SURFACE ELEV. 1328.0 .  
DATUM -. NAVD 88 ~ 

REMARKS SOIL DESCRIPTION 

-.- 

note: decrease in fines, Stage II cementation & low plasticity below 5' 

note: possible SWiGW zone from 7'6" to 8'6, Stage I+ to II cementation & 
low to medium plasticity 

note: Increase in flnes, Stage I+ cementation, light brown to tan below 6'6" 

L- SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42 I.D. lube sample 

LOG OF TEST PIT NO. TP06-4 
A - Drill Cuttings 
G -Grab sample Page 1 of 2 



PROJECT Wittmann P.DMP -- 

- 
1217106 JOB NO. 6 - 1 ' 7 - 0 0 1 ' S  DATE . .  .. - 

BACKHOE TYPEEX~VO BUD 
GROUNDWAlER LOCATION Sta. 40+00 

 owns stream .. - 
SURFACE E L E V . ~  -- 

NP.VD 88 

-- 

CLAYEY SAND WITH GRAVEL, predominantly weil graded sand, 
ravel, subangular to subrounded, Stage I+ 

to II cementation. low to medium plasticity, tan to white 

Backhoe refused at 11'6 

SAMPLE TYPE 
0 - Undisturbed Buik Sample 
D - Disturbed B U I ~  sample LOG OF TEST PIT NO. TPQ6-4 .. 
U - 3 O.D. 2.42 I.D. tube sample 
A - Drill Cuttings 
G -Grab sample Page 2 of 2 



PROJECT .~.Wittmann ADMP 

.- -~ - . -- ~ 

6-1 17-001 025 1217106 JOB NO. .... DATE -- BACKHOE PIPE. . V 0 ? 7 O _ . .  
GROUNDWATER LOCATION Sta. 50+00 ~ 

Downstream ... 

.- SURFACE ELEV.S?S??? 
DATUM NAVD 88 ~~ . 

SOIL DESCRIPTION 

GRAVEL, trace to some fine 
subangular to subrounded, trace of silt, considerable fine grained sand, 
Stage I cementation. low to medium plasticity, light brown 

note: well graded sand 8 increase in fine grained gravel 8 medium 
plasticity below 3' 

SAND & GRAVEL WITH CLAY, predominantly well graded sand. well 
graded gravel, Stage ll+ to Ill cementation. low to medium plasticity, tan to 
white (possible GC-GW below 6') 

note: Stage II cementation 8 reddfsh-brown to white below 9' 

Backhoe refused at 9 ' 6  

SAMPLE TYPE 
B -Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O D .  2.42 ID. tube sample 

LOG OF TEST PIT NO. J??!?2! 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT -W~ttmann ADMP 

JOB NO. -- 
6-1 17-001025 1214106 . .  DATE 

BACKHOE TYPE volvo BL-0 
Sta. 70+00 LOCATION 
Channel -- - 

SURFACE ~ ~ ~ ~ . - , 3 3 9 . 6 '  .. .- 
NAVD 88 

SOIL DESCRIPTION 

SAND &GRAVEL WlTH CLAY, some fine grained gravel, subangular 
to subrounded, predominantly well graded sand, subangular to 
subrounded, uncemented to Stage I, low to medium plasticity, 
reddish-brown 

note: Stage I cementation below 5' 

- .- SC CLAYEY SAND WITH GRAVEL, predominantly fine to medium grained 

1 slightly moist sand, trace to some gravel, subangular, rare cobbles up to 3 in diameter, 1 Stage I cementation, low plasticity, reddish-brown I 
- SAMPLE TYPE 

B - Undlsturbed Bulk Sample 
D - Disturbed B U I ~  Sample LOG OF TEST PIT NO. TP06-7 
U - 3 0 D 2 42" 1 D tube sample 
A -  Drill Cuttings 
G - Grab sample Page 1 of 2 



8-1 17-001025 12/4/06 JOB NO. - DATE 
BACKHOE T Y P E U & E - B ~ ~ O .  

GROUNDWATER LOCATION Sta. 70300 
Channel ~ 

SURFACE €LEV.~-~!??%% ___.-p....p.. 
NAVD 88 . - -. -- .. PA-.. ~- 

SOIL DESCRIPTION 

note slight decrease in cemenation at 11' 

SAMPLE TYPE 
B - i!ndisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U -3" 0.0. 2 .42 ID. tube sample 

LOG OF TEST PIT NO. Tpo6-7 
A - Drill Cuttings 
G - Grab sample Page 2 of 2 



SAMPLE TYPE 
E - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" OD. 2.42' I.D. lube sample 

LOG OF TEST PIT NO. 3 6 - 8  
A - Driii Cuttings 
G - Grab sample Page 1 of 2 



PROJECT _-!%.!?arm ADMP . 

................ - 
- ...... -. 
............ .- ........... 
6-1 17-00 1025 12/6/06 JOB NO. .......... DATE .... 

BACKHOE TYPE Vol'Jo B C K -  - ....... 
Sta. 80+00 LOCATION .- 
Downstream 

-- .. 
SURFACE ELEV.. LL38.0' 

........... NAVD 8 8  

SOIL DESCRIPTION 

note: Stage I+ cementation below 10' 

note: Stage I+ to II below 12 

0 -Undisturbed Bulk Sample 
D - Disturbed Bulk Sample TP06-8 LOG OF TEST PIT NO. 
U - 3" 0 D. 2.4T 1.0. tube sample 
A - Drill Cuttlngs 
G - Grab sample Page 2 of 2 



PROJECT Wittmann . . .. ADMP . . .. . . - 

JOB NO. 6-?17-001025.._ DATE 1214i06 
BACKHOE TYPE VO~\/O BL70 

GROUNDWATER LOCATION Sta. 90+00 . .. 
Channel 

SURFACE ELEV.-~~&%" 
DATUM .- NAVD 88 -- 

REMARKS SOIL DESCRIPTION 

WlTH SILT, trace of clay, 

I+ to II cementation, low to medium plasticity. light brown 
sand, considerable f ~ne  grained gravel, subangular to subrounded, Stage 

- ..I 

I 1 
considerable predominantly fine grained gravel, subangular to 
subrounded. Stage I cementation, medium plasticity, brown to 
reddish-brown 

note: predominantly f~ne  to medium grained sand, Stage I cementation 
at 5' I 

CLAYEY SAND WlTH GRAVEL, rare cobbles up to 4" in diameter, 
predom~nantly fine grained sand. Stage I+, low to medium plasticity. brown 

SAND 8 GRAVEL WlTH CLAY, trace of cobbles up to 4 112 in 
diameter, predominantly fine to medium grained sand, considerable gravel, 
subangularto subrounded, Stage II to 11+ cementation, low to med~um 
plastlclty, light brown to brown 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed B U I ~  Sample LOG OF TEST PIT NO. TP06-9 .- 

U - 3" O.D. 2.4Y ID. tube samole 
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



-- . 
E-117-001025 12/4/06 JOB NO. DATE 

BACKHOE N P E  Vol'fo BLZO.. 
1 GROl.Ji.IDW.4TER 

I I 

1 1 DATUM 
c 2  - - $ '  . -T---.T/Gq slightly moist SAND 8 GRAVEL WITH CLAY, continued I 

SAMPLE TYPE 

I 
Stopped Backhoe at 12' 

B - Und~sturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 0.0. 2.42" I.D. tube sample 

LOG OF TEST PIT NO, TP06-9 
A -  Drill Cuttings 
G - Grab sample Page 2 of 2 



PROJECT Wittmann ADMP 

......... 
-- ....... .... 

JOB NO. 6 3 3 0 2 5 . -  DATE 12!6!06 
BACKHOE N P E ~ V ~ ~  

GROUNDWATER LOCATION Sta. 100+00 -. - .. -. - 
Downstream 
- ... _ -. .. - 

....... NAVD 88 -- .- 

SOIL DESCRIPTION 

light brown to brown 

note: dark reddisn-brown color below 7' 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 0.0. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. .??!?6-10 
A - Drill Cuttings 
G -  Grab sample Page 1 of 2 



PROJECT -fl"mann ADMP ~ . -  
-. .... - -- ...... 

JOB NO. 2 1 7 - 0 0 1 2 ?  DATE .- 12/6/06 .- 
BACKHOE TYPE ... YOIVo EL70 

.... GROUNDWATER Sta. 100+00 LOCATION ~- - 
Downstream 

.... SURFACE ELEV. 1336.0' _ .  -. .- 
NAVD 88 -- 

SOIL DESCRIPTION 

note: Stage I+ cementation R light brawn in color below 10'6" 

Stopped Backhoe ai  12' 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O.D. 2 . 4 2  I.D. lube sample 

LOG OF TEST PIT NO. . F 6 - 1 0  
A - Drill Cuttings 
G -Grab sample Page 2 af 2 



PROJECT 2 i t t m a c n  ADMP ..-....... 

........................ 
- - -- ... ................. 

- 

12/4/06 JOB NO. 6 - 1 1 7 - 0 0 1 0 2 5  DATE -- BACKHOE T Y P E A o ~ B L ~ _ ~  - 
Sta. 110+00 

- - .. - - 
SURFACE ELEV. 1324.3' 

NAVD 88 

note: CL-SC zones from 8' to 9' 

note decrease in coarse grained gravel. subangular to subrounded 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 0.D.2.4T l.D, tube sample 

LOG OF TEST PIT NO. TP06-1 
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



PROJECT X m a n n  ADMP 

........... .... 
........ 

6-117-001025 1214106 JOB NO. DATE 
BACKHOE w~~VolVoBL70- 

GROUNDWATER LOCATION Sta. 110+00 ........ 
Channel 

-, 

... .......... SURFACE ELEV. 1324.3' -. .- 
NAVD 88 _-._....-.-.._p 

&GRAVEL WITH CLAY, continued 

Stopped Backhoe at 12' 

B - Undisturbed Bulk Sample 
D - Disturbea Bulk Sample 
U - 3" OD. 2 .42  ID. tube sample 

LOG OF TEST PIT NO. TP06-1,- 

A - Drill Cuttings 
G - Grab sample Page 2 of 2 



.. .. - -. .- - ..~ - 
JCR NO. 6-117-001025 DATE 12/6/06 BACKHOE T Y P E ~ ~ ~ B ! ! L ~ . -  

GROUNDWATER LOCATION Sta. 120+00 
Downstream -- . . - - 

DATUM -- .- . . .. .. -- 

SOIL DESCRIPTION 

1 

note: predominantly well graded gravel, subangular to subrounded, light 
brown to tan below 4' 

I I I 1 note. Staoe I+ cementation below 5' 

' 
SAMPLE TYPE 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O.D. 2.42" I D .  rubesample 

LOG OF TEST PIT NO. TP06-12 
A - Drill Cultlngs 
G -Grab sample Page 1 of 2 



. PROJECT ._!!!%E?L&!!!!!. . . . . . .  

.............. 

JOB NO. 6-117-0°!025.__ DATE 

. 

: 121610G ..... ................ 
BACKHOE TYPE Volvo EL70 

GROUND'NATER 
-. - Sta. '120+00 LOCATION - . ....................... 

Downstream 
. 

SURFACE ~~~~._1331.4' .. ................. -. .. - .......... n A T l I M  NAVn R R  

I 
SC-GC slightly moist SAND B GRAVEL WITH CLAY, continued 

I 

, ..... - - - 
- 

REMARKS SOIL DESCRIPTION 

note: Stage I cementation 8 well graded sand below 10' 

B -Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - ? 0.0. 2.42'' I.D. tube sample 

LOG OF TEST PIT NO. -TP06-12 
A - Drill Cuftlngs 
G - Grab sample Page 2 of 2 



.. .~ . 
1216106 JOB NO. 6-117-001025 DATE BACKHOE T Y P E ~ B L ~ ~  

GROUNDWATER LOCATION Sta. 130+00 . . .. 
Downstream---_- 

SURFACE ELEV. 1327.9' -. . . .. -- - 
NAVD 88 -.-. - 

SOIL DESCRIPTION 

predominantly coarse gra~ned gravel, subangular to subrounded, Stage I+ 
to l l  cementation, medium plasticity, light brown to tan 

B - Undislurbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 OD.  2.42 I.D. tube sample 

LOG OF TEST PIT NO. T 0 6 - 1 3  
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



......... - ...... 
12/6/06 106 NO. 37-0°102? . .  DATE 

BACKHOE TYPE V l l v o  EL70 
Sta. 130+00 . . . . .  LOCATION - 
Downstream 

SURFACE E~E~.1327.9'-- 

__ SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2 .42  1.D. tube sample 

LOG OF TEST PIT NO. TP06-13 
A -  Drill Cuttings 
G - Grab sample Page 2 of 2 



P ~ O J E C T  \Nitlmann ADMP .. .. .. d 

. . .. .- -. 
~ ~ ~~p 

~ 

-- .~ 

JOB NO, 5 - 1 1 7 - 0 0 1 0 2 5  DATE 12/6106. BACKHOE TYPE-~C- 
Sta. 140+00 LOCATION .......-P~- ~ 

Downstream -- 

SOIL DESCRIPTION 

note: increase in medium to coarse grained sand, fine grained gravel B 
Stage I cementation below 2' 

note: uncemen 

B - Undisturbed Bulk Sample 
D -Disturbed Bulk Sample 
U - 3 O.D. 2.42 I.D. lube sample 

LOG OF TEST PIT NO. TP06-?& 
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



-- -- 
6-1 17-001025 12/6/06 JOB NO. DATE 

BACKHOE TYPE V O ~ V O  EL70 
Sta. 140+00 LOCATION 
Downstream . - 

.... .... SURFACE ELEV 3!5:? -.. 
NAVD 88 

note: Stage I+ to II cementation 8 light brown to tan below 11' 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42 I.D. tube sample 

LOG OF TEST PIT NO. TP06-14- 
A - Drill Cuttings 
G - Grab sample Page 2 of 2 



PROJECT Wittmann A%!p. -- -- 
- 

- - .. . ~~ 

6-1 17-001025 12/4/06 JOE NO. DATE ~ BACKHOE TYPE-M!~~ EL70 -. . .. . .. .. . -- 
GROUNDWATER Sta. 150+00 LOCATION -- ~ ~ 

Channel -. ~ ... . .. p~ 
SURFACE ELEV. 1322.4 -- 
DATUM NAVD 88 - . . . - - 

REMARKS SOIL DESCRiPTlON 

.. . 

sand, uncemented Stage I, low to medium plasticity, light brown to brown 

note: decrease in coarse grained gravel at 2' 

SAMPLE TYPE 
B - Undislurbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42" 1.0, tube sample 

LOG OF TEST PIT NO. 
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



PROJECT Wittmann ADMP .- . . 

-- - . . . 
.... . .. - . - . - 

IOB NO, 6-1 17-001025 DATE 1214106 . . 
BACKHOE TYPE Volvo 8170 ~ ~ 

GROUNDWATER LOCATION - Sta. 150+00 

- Channel 
~ ~ - 

SURFACE E L E V . ~ ~ ~  
DATUM NAVD 88 

REMARKS 

slightly moist SILTY SAND WITH GRAVEL, continued 

Stopped Backhoe at 1 1 ' 6  1 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"0.D. 2.42" 1.0. tube sample 
A - Drill Cuttings 
G - Grab sample 

LOG OF TEST PIT NO. TP06-15 

Page 2 of 2 



12/6/06 JOB NO. 6-117-0010?5 DATE 
BACKHOE TYPE*B%?O -- . . ... 

Sta 160+00 LOCATION -... - . 
Downstream -.. 

SURFACE ELEV.-@L 
DATUM NAVD 8 B .  . . . 

REMARKS SOIL DESCRIPTION 

fine grained gravel. subangular to subrounded, Stage I cementation. 
med~um plasticity brown to light brown 

. . ... .. 

slightly rnoist 

I 

SAMPLE TYPE 

note: Stage I to I+ below 2 

GRAVEL WITH SILT 8 CLAY, r reuon nal'ly coarse gra neu grate 
s.oangr. a. to s-oro .nuea coqs uerao e P~EUOII 1'8171 Y YE qraueu sanu 
Stage I lo I- rernenlar on rneu .rn p as1.c 1, gn' oronrn 

CLAYEY SAND, trace of coarse grained gravel. subangular to 
subrounded. predominantly well graded sand, Stage I to I+ cementation, 
rnedium plasticity, lkght brown 

CLAYEY GRAVEL, predom~nantly well graded sand, predominantly 
coarse grained gravel, subangular to subrounded, Stage I+ cementation, 
light brown 

- 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O.D. 2.42" I.D. lube sample 

LOG OF TEST PIT NO. P06-16  
A - Drill Cuttings 
G -Grab sample Page 1 of 2 



PROJECT W i t t m a n n  A D X  

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
0 - Disturbed Bulk Sample 
U - 3" O.D. 2.42" 1.0, tube sample 

LOG OF TEST PIT NO. TP06-16 
A - Drill Cuttings 
G - Grab sample Page 2 of 2 



PROJECT 3!!.R?ann ADMp. 
-- -. . . . -- 

- . 

JOB NO. 6-117-001025 DATE _1x66- 
BACKHOE TYPE ~ 0 1 ~ 0  ~ ~ 7 0  -- 

Sta. 170+00 LOCATION - 

Downstream 
~ .. 

SURFACE ELEV.>~? .... - ..- 

SOIL DESCRIPTION 

note: increase in flne grained sand 8. Stage I cementation &dark 
reddish-brown below 2' 

note: Stage II to 11+ cementation &brown to tan below 9' 

B - Undisturbed Bulk Sample 
D - D~slurbed Bulk Sample 
U - 3"O.O. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. _TP06-?1 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT W'n!an-pP _- 

.- --- 
6-1 17-001025 JOB NO. . .  DATE 

note: trace to some coarse grained gravel, subangular to subrounded 
below 6' 

note Stage I+ cementation below 8' (blocky appearance to samples) 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 0 . 0 . 2 . 4 2  10. tube sample 

LOG OF TEST PIT NO. ?06-18 
A - Dnll Cuttings 
G - Grab sample Page 1 of 2 



JOB NO. _ 6-117-001025__ DATE 12/6/06 
BACKHOE TYPE Volvo BL!= 

-- 
. .. 

GROUNDWATER LOCATION . Sta. 190+00 - .. .. - -- 
~ownstreani- 

a, a C - - o .- SURFACE ELEV ?319.1' -. -. -- - * 8 %  $E; 
B . e - - -  DATUM NAVD 88 --- 

C E a 7 i s S E Z  qFg 
a s E m  E 5 g g $ ?  k g ,  2.t $ 3  d w aoao S U ~  REMARKS SOIL DESCRIPTION 

.. 
CLISC slightly moist SAND &CLAY, continued 

-- 

- .. . .. - 

.... 

.. - 

12 Stopped Backhoe at 12' 

13 

. 

14- 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"O.D. 2.42" I.D. IuDe sample 

LOG OF TEST PIT NO. TP06-18 
A - Drill Cuttings 
G - Grab sample Page 2 of 2 



mmunn.,, 
n I l l  I 1 GROUNDWATER 8 n r n ~ ~ n  

-- .- . 
1214106 JOB NO. 66c00!025 DATE -"----. T / ~ E A ~ o . ~ L ~ @  ----. .-N Sta 200+00 - -~  

Channei . -. p~~ 

SURFACE E L E V . ~ ~ :  
DATUM NAVD 88 . 

REMARKS SOIL DESCRIPTION 
I - 

slightly moist SILTY SAND WITH GRAVEL, trace of clay, trace to some coarse 
1 nrnined OTIVPI, subangular to subrounded, predominantly fine grained 

c to II cementation, medlum to high plasticity, light brown 

B -Undisturbed Buik Sample 
D - Disturbed Bulk Sample 
U - 3' O.D. 2 .42  I.D. tube sample 

LOG OF TEST PIT NO. TPO6-19 
A - Drill Cullings 
G -Grab sample Page 1 of 1 



PROJECT W~(~E/ ID~~- .~  -. 

1215106 JOB NO. 6-' 17-001025.  DATE 
BACKHOE .NPEAKEE?~ - .- 

1 GROUNDWATER LOCATION Sta. 210+00 
Downstream 
-- --.- -. .. 

~ . .  SURFACE ELEV 1317.1' .... 
DATUM NAvD BE . .. .. . - 

r 
SOIL DESCRIPTION 

1 i - 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O D .  2.42" 1.13. tube samole 

LOG OF TEST PIT NO. _TP06-20 
A -  Drill Cuttings 
G - Grab sample Page 1 of 1 



12/4/06 JOB NO. 6 -117-E(325  ... DATE .... 
BACKHOE TYPE.. volvo ~ ~ 7 0  . . . 

GROUNDWATER LOCATION -- Sta. 220+00 - . . . - -- 
Channel 

SURFACE ~ ~ ~ ~ . 1 3 1 6 1 1 _ . . ~  . .. . .. - 
NAVD 88 ~~ ~ 

REMARKS SOIL DESCRIPTION 

SM trace of clay, trace to some 
gravel, subangular to subrounded, Stage I cementation, medium plast~city, 
lhght brown 

note: increase in clay &decrease in cementation (Stage I) 

note: predominantly flne grained gravel below 7' 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - T O.D. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. TP06-21 
A - Orlll Cuttings 
G -Grab sarnple Page 1 of 1 



SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2.42" I.D. tube sample 

LOG OF TEST PIT NO. TP06-22 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



: 1211106 
BACKHOE T Y P E ~ B L ~ ~  ....... . 

GROUNDWATER Sta. 240+00 LOCATION ............... 
Downstream .................... 

.... SURFACE ELEV...E%~'C 
DATUM ......... NAVD 88 - -. 

REMARKS SOIL DESCRIPTION 

sliohtlv moist 1 SILTY SAND. trace of oravel oredominantlv fine arained sand. Stage I, 
1 

- .  
1 low plastlclty to nonplasGc I ghi brown 

- 

slightly moist 
CLAYEY SAND, predominantly fine to medium grained sand, weakly 
cemented (Stage I to I+), medium to high plasticity, reddish-brown 

note, trace to some gravel below 4' 

CLAYEY SAND &GRAVEL, trace of silt, well graded sand &gravel, 
subrounded to rounded, weakly lime cemented (Stage 11). low plasticity. 
brown 

note: occasional lense of GP-GP 

note: Stage II+ to Ill below 8'6 

I 

I Backhoe refused at 10' 
10 
2 SAMPLE TYPE 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - Y O.D. 2.42 I.D. tube sample 

LOG OF TEST PIT NO. TP06-23 
A - Drill Cuttings 
G - Grab sample Page 1 of 1 



PROJECT _W&"??nn ADMP - -. - 

- 

JOB NO. > ' ~ I ? ~ ~ ~ %  DATE 1215106  
BACKHOE n p ~ V o l v o B L 7 0  

GROUNDWATER LOCATION Sta. 250+00 . . -. . . -- 
Channel .----A 

SURFACE €LEV ... 1320.0' 
DATUM NAVD 88 - 

-- 
.. 

- 

REMARKS SOIL DESCRIPTION 

sand. considerable predominantly coarse grained gravel, Stage I 
SMIGM slightly moist SAND & GRAVEL WITH SILT, trace of clay. 

cementailon, low to medium plasticity, brown to reddish-brown 

I 

I s ~ ~ g h t ~ y  moist 

note: Stage I+ cementation below 1 ' 6  

SILTY TO CLAYEY SAND WlTH GRAVEL,trace of clay, some coarse 
grained gravel, subangular to subrounded, predominantly well graded 
sand, Stage I to I+ cementation, low to medium plasticity, brown to 
reddish-brown 

note: predominantly fine grained sand below 6' 

note: Stage I to I+ cementation below 8' &increase in medium to coarse 
grained sand. subangular to subrounded 

SAND 8 GRAVEL WlTH SILT, trace of clay, predominantly well graded 
sand, considerable predominantly coarse grained gravel, Stage I+ to II 
cementation, low to medium plastic~ty. brown to light brown 

SAMPLE TYPE 
B - Undisturbed Bulk Saniple 
D - Disturbed Bulk Sample 
U - 3" 0.0. 2.42.' 1.0. tube samole 

LOG OF TEST PIT NO. TP06-24. 
A -  Drill Cuttings 
G - Grab sample Page 1 of 2 



SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 OD.  2 . 4 2  I.D. tube sample 

LOG OF TEST PIT NO. TP6-24 
A - Drill Cultings 
G - Grab sample Page 2 of 2 

JOB NO. 6-1 i7-00!02L DATE !5 !06  - BACKHOE WPE~Q!~O-B.L~K- 
-~ 

GROUNDWATER Sta. 250r00 LOCATION 
Channel 
- .. 

SURFACE ELEV . .  1.- . .. 
DATUM NAVD 88 ~~. . 

REMARKS SOIL DESCRIPTION 

m: ( I 1 ~ Z G M  SAND 8 GRAVEL WITH SILT, continued 

11- 

I 1  

I I 

. 
- 

- - - 

. . .. 



PROJECT W1~m?n . - .  

.. .. . .. 

JOB NO. ..6?LE!!?lo2? . DATE '2flio6 BACKHOE MPE\/OIY~BLZO_ 
- -- 

GROUNDWATER Sta. 260+00 LOCATION -,...--p-....-.----.. 

Downstream . -. 
SURFACE E L E V . ~ ~ ~ ~ . O '  

NAVD88 

SOIL DESCRIPTION 

note: occasional lense of GP-GM 

note: interbedded with 2' to ?thick lenses of GP-GM, occasional cobble, 
uncemented, nonplastic, brown 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3' O.D. 2.42" I.D. tube samole 

LOG OF TEST PIT NO. TP06:25 
A - Drill Cuttings 
G - Grab sample Page 1 of 2 



..... ~ 

JOB NO, 6-1 1 7 - 0 0 1 0 2 5  DATE 1211106 - 
- BACKHOE N P E  Volvo -. 

LOCATION . Sta. 260t00 . .- 
Downstream -. 

SURFACE ELEV. 1320.0' . 

D &GRAVEL, continued 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 0 . 0 . 2 . 4 2  I.D. tube sample 

LOG OF TEST PIT NO. T F - 2 5  
A - Drill Cuttings 
G -Grab sample Page 2 of 2 



PROJECT Winmann ADME..- 

-- 
JOB NO. -%!1?!?01025 . DATE ?211106 

BACKHOE TYPEL-VO~VO BL70 . .  
Sta. 272+00 
Downstream .. - -. - - ....... 

note: occasional zone of SC 

note: occasional gravelly zone & occasional zone SP-SMIGP-GM 

note: sand coarsens wlth depth, increase in gravel (Stage I to I+) 

- 

. 10 
SAMPLE TYPE 

B - Undisturbed Bulk Sample 
D - Disturbed BulK Sample 
U - 3 0 D 2 42" l D Lube samDle 

LOG OF TEST PIT NO. TP06-26 
A - Drill Cunings 
G - Grab sample Page 1 of 2 



PROJECT 21!m3n ADMP 

D*u,,n"= 

GROUNDWATER c n r d ~ c n ~  ---- ..-,. Sta. 272+00 
- 

Downstream -. - .- .. .~ .. 
-- 

- 

1- 

SAMPLE TYPE 
B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3"O.D. 2.42 I.D. lube sample 

LOG OF TEST PIT NO. TP06-26 
A - Drlll Cuttings 
G -Grab sample Page 2 of 2 



PROJECT Wittmann ADMP -- .......... 
- ..... -. ....... ..... .. 
........ -. ....... - 

B - Undislurbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" O.D. 2 . 4 2  ID ,  tube sample 

LOG OF TEST PIT NO. TP06-27 
A - Drill Cunings 
G - Grab sample Page 1 of 1 



PROJECT !?!@K!LAp?ilp- 

JOB NO. g... DATE 
BACKHOE n~~VolvoBL70 

Sta. 297+50 

note: uncemented to Stage I cementation & reddish-brown at 1' 

light brown to tan 

note: decrease in cemetation (Stage I) &fine to medium grained sand 

note: increase in cementation (Stage II) below 9' 

B - Undisturbea Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O.D. 2.42' I.D. tube samDle 

LOG OF TEST PIT NO. L!?P6-28 
A - Drill Cunings 
G - Grab sample Page 1 of 1 



B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3 O.D. 2.42 ID .  tube sample 

LOG OF TEST PIT NO. F 6 - 2 9  
A -  Drill Cuttings 
G - Grab sample Page 1 of I 



PROJECT WittmanhADM!. .~ 

. .- 
JOB NO, 6-1 17-001025 DATE >215106 

- BACKHOE TYPE-V~IVO BL70 
GROUNDWATER Sta. 307+50 LOCATION p--.p--p--. . -p 

Downstream --- - .- . 
SURFACE ~ ~ ~ v . 1 3 1 1 ~  . . -- 

NAVD 88 - .- 

SOIL DESCRIPTION 

SAND, trace of coarse grained gravel, subangular to 
subrounded, predominantly fine grained sand, uncemented to Stage I, low 
to medium plasticity, light brown to brown 

note: Stage II cementation, tan in color below 4' 

note. Increase in coarse grained gravel & Stage I+ to II cementation 

B - Undisturbed Bulk Sample 
D - Disturbed Bulk Sample 
U - 3" OD. 2.42 I.D. tube sample 

LOG OF TEST PIT NO. TP06-30 
A - D~ill Cuttings 
G -Grab sample Page 1 of 1 



1 UNIFIED CLASSIFIC&TION SYSTEM FOR SOILS I DESCRIPTION OF MASTER SOlL HOMO115 AND SUBHORIZONS 
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TERMINOLOGY USED TO DESCRIBE THE EunvE  DENS^. 
CONSISTENCY OR FIRMNESS OF SOILS 

MAJOR DlVlSlON I ........ rwp* I - ..... I TYPICAL OESCRIPTkON 
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STAGES OF CAREONATE MORPHOLOGY 
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T R E N C H  INVESTIGATION 
WITTMANN NIMP 

JOB NO 6-1 17-001025 

DESIGN. KCF 

ameP 
KEY TO TRENCH LOGS 





STATIONING (FEET) 

276+10 276+00 275+90 275+80 275+70 275+60 

TRENCH BOlTOM 

l a  - (SCICL) Sandy clay to clayey sand, some silt, predominantly fine to medium grained sand, 
Stage I, low to medium plasticity, light reddish-bm 

note: slightly prismatic soil structure 

I b - (SC) Clayey sand, trace to some gravel, well graded, Stage I, low plasticity, light reddish-bmwn 

2a - (SCISP-SC) Clayey sand to sand with day, some to considerable gravel, well graded sand, 
predominantly fine grained gravel, subangular to subrounded, weakly cemented (Stage I+), 
nonplastic to low plasticity, light reddish-brown 

3a - (SM) Silty sand, trace of clay, trace to some gravel, predominantly medium to fine grained sand, 
moderately lime cemented (Stage 11+ - Ill), low plasticity to nonplastic, light grayish-brown 

KEY 

EOLlANlALLUVlAL UNfT - 1 gy ,I,II, USCS SOlL CMSSIFICATION WITH 
HOLOCENE STAGE OF CARBONATE MORPHOLOGY 

ALLUVIAL UNIT - 2 CONTACT 
PLEISTOCENE - - - TEST TRENCH BENCH 
ALLUVIAL UNIT - 3 
PLEISTOCENE SOlL OlSCONTlNUlTY 

JOE NO. 5117-001025 

DESIGN: KCF 

D R A W  GWH 

DATE: 12/2(306 

SCALE: ASSHOWN 

amec6 
TRENCH LOG 

TRENCH INVESTIGATION 
WIT'rMANN AD?4p 

FIGURE 

TTO6-2 



STATIONING (FEET) 

TRENCH BOlTOM 

l a  - (SCISM) Silty to clayey sand, trace to some grave1,predominantly medium to fine grained sand, 
Stage I, low plasticity, light brown to light reddish-brown 

note: occasional gravelly pocketsllenses of SP-SCISP-SM 

2a - (SM) Silty sand, trace to some gravel, trace of clay, well graded sand to predominantly fine to medium 
grained, weakly lime cemented (Stage I+ - II+), low plasticity, light brown to mottled brown with light gray 

note: occasional lense of ML 

2b - (ML) Sandy silt, rare gravel, trace of clay, predominantly fine to medium grained sand, weakly lime cemented 
(Stage II+), low plasticity, mottled light gray with light brown 

note: occasional lense of SM crumblylfriable structure 

I 2c - (SMIML) Silty sand to sandy silt, trace of gravel, predominantly fine to medium grained sand, weakly iime cemented 
(Stage II), nonplastic to low plasticity, light brown 

NOTE: 

- Thin lense of Stage ll+ cementation 

Soil discontinuities due to local prismatic soil structure, El - no aperture, trace of rootlets typical <Iu length 

KEY 

1 EOLIANIALLUVIAL UNIT - 1 sM USCS SOlL CLASSIFICATION WITH 
HOLOCENE STAGE OF CARBONATE MORPHOLOGY 

ALLUVIAL UNIT - 2 0 CONTACT 
PLEISTOCENE - - - TESTTRENCH BENCH 
ALLUVIAL UNIT- 3 - PLEISTOCENE SOIL DISCONTINUITY 

'I 
3a - (SMISPSM) Silty sand to sand with silt, trace to some gravel, well graded sand with lenses of predominantly fine to JOB NO. 6-1 17-001025 

DESIGN: KCF 

DRAWN: GWH 

DATE: 1212006 

SCALE: AS SHOW 

5 
8 

f 
ti 

medium grained sand, uncemented to weakly lime cemented (Stage I), nonplastic, light brown 

amec6 
TRENCH LOG 

TRENCH INVESTIGATION 
WITTMANN ADMP 

FIGURE 

TTO6-3 



L-45 
STATIONING (FEET) L-46 

27+40 27+30 27+20 27+10 27+00 26+90 26+80 26+70 Fs 1 26+60 

. 1' 

..--/' 
r BENCH 

TRENCH BOlTOM 

l a  - (SC) Clayey sand, predominantly fine to medium grained sand, Stage I, medium plasticity, light brown 

I b  - (CH) Sandy clay, predominantly fine grained sand, weakly to moderately lime cemented (Stage I), high plasticity, reddish-brown 

note: prismatic to blocky soil structure 

2a - (CH) Sandy clay, predominantly fine grained sand, weakly to moderately lime cemented (Stage I+ - II), high plasticity, 
reddish-brown to mottled 

note: prismatic to blocky soil structure 

2b - (SCICL) Clayey sand to sandy clay, some silt, trace of gravel, predominantly fine to medium grained sand, weakly lime cemented 
(Stage I+ - II), low to medium plasticity, light reddish-brown 

2c - (SMIML) Silty sand to sandy silt, trace of gravel, predominantly fine to medium grained sand, weakly lime cemented (Stage I+ - II), 
low plasticity, light brown 

KEY 

EOLIAN~ALLWIAL UNIT - 1 sy ,I,II, USCS SOlL CLASSIFICATION WITH 0 HOLOCENE STAGE OF CARBONATE MORPHOLOGY 

- 
ALLUVIAL UNIT- 2 
PLEISTOCENE 

ALLUVIAL UNIT - 3 
PLEISTOCENE 

CONTACT 

- - - TESTTRENCH BENCH 

SOlL DISCONTINUITY 

D 
Y 

@ 

i - 
g 
L1 

note: occasional clayey zone 

note: occasional gravelly zone, SPSM 
JOB NO. 6-1 17-001025 

DESIGN: KCF 

DRAWN: GWH 

DATE: 1212006 

SCALE: AS SHOWN 

TRENCH LOG 

FIGURE 
TRENCH INVESTIGATION 

WImANN ADMP moo-4 
ameP 
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STATIONING (FEET) 

180+20 180+10 180+00 179+90 179+80 179+70 

----- 

IJ r, 

10 - TRENCH BOlTOM 

l a  - (ML) Sandy silt, trace of clay, predominantly fine grained sand, Stage I, nonplastic to low plasticity, light brown 

note: occasional sandylgravelly lense 

l b  - (SP-SM) Sand with silt, some gravel, well graded sand, nonplastic, brown 

note: occasional lense of silty sand KEY 

EOLlANlALLUVlAL UNlT - 1 sy ,I,II, USCS SOIL CLASSIFICATION WITH 
2a - (SWML) Sandy silt to silty sand, trace of clay, predominantly fine to medium grained sand, weakly lime cemented 1 HOLOCENE STAGE OF CARBONATE MoRPtioLmY 
(Stage I+ - II), nonplastic to low plasticity, light brown 

ALLUVIAL UNIT- 2 CONTACT 

2b - (SP-SMIGP-GM) Sand 8 gravel with silt, rare cobble, well graded sand, predominantly fine grained gravel, subangular PLEISTOCENE - - - TEST TRENCH BENCH 
to subrounded, weakly cemented (Stage I+ - II), nonpiastic, brown ALLUVIAL UNIT - 3 1 PLEISTOCENE SOIL DISCONTINUITY 

3a - (SWGM) Silty sand 8 gravel, well graded sand, predominantly fine grained gravel, subangular to subrounded, weakly 
to moderately lime cemented (Stage II+), nonplastic to low plasticity, light grayish-brown 

JOB NO. 6-1 17-001025 

DESIGN: KCF 

D R A W  GWH 

DATE: 12/2006 

SCALE: AS SHOWN 

amed6 
TRENCH LOG 

TRENCH INVESTIGATION 
WITIMANN ADMP 

FIGURE 

TT06-5 



STATIONING (FEET) 

275+30 275+20 275+10 275+00 274+90 274+80 274+70 

I I I I I I I 

--- d 

. 

TRENOH BOTTOM 

l a  - (SwML) Silty sand to sandy silt, rare gravel, trace of clay, predominantly fine grained sand, Stage I, nonplastic to low plasticity, l~ght brown 

I b - (SM) Silty sand, trace to some gravel, rare cobble, well graded sand, Stage I, nonplastic to low plasticity, light brown 

note: occasional lense SP-SWGP-GM 

2a - (SC) clayey sand, trace of gravel, well graded sand, weakly to moderately cemented (Stage I+), medium to high plasticity, reddish-brown 

note: slightly blocky 

3a - (ML) Sandy silt, predominantly fine grained sand, weakly to moderately cemented (Stage II - I[+), nonplastic to low plasticity, light brown 

PHOTO - A  

NOTE: 

- Soil discontinuities. no aperture. trace of rootlets. 
not continuous 

KEY 

EOLlANlALLWIAL UNIT - 1 sy (I,I,, USCS SOlL CLASSIFICATION WITH 
HOLOCENE STAGE OF CARBONATE MORPHOLOGY 

ALLUVIAL UNIT - 2 Vs CONTACT 
PLEISTOCENE - - - TEST TRENCH BENCH 
ALLUVIAL UNIT - 3 
PLEISTOCENE SOIL DISCONTINUITY 

JOE NO. 6-1 17-001025 

DESIGN: KCF TRENCH LOG 

DRAWN: GWH 

DATE' 1212008 FIGURE 
TRENCH INVESTIGATION 

SCALE: AS SHOWN WITMANN ADMP n o 6 6  

ame@ 



APPENDIX B - REFRACTION SEISMIC SURVEY 



REFRACTION SEISMIC EQUIPMENT & PROCEDURES 

Refraction seismic surveys are performed ~n general conformance with the guidelines presented in ASTM 
D5777-95 Standard Guide for Using the Seismic Refraction Method for Subsurface Investigation for 
reffaction surveys using compression waves (p-waves). ASTM#D5777 does not address shear wave (s-wave) 
surveys; standard practice is followed for refraction surveys using s-waves. In some investigations, such as 
seeking and tracing earth fissures or other significant discontinuities (Rucker and Keaton, 1998), non-standard 
procedures and analyses, such as signal amplitude analysis, are used as part of the investigation process. 

Seismic Equipment - Refraction seismic surveys are performed nsing a Gwmetrics ES-1225 or Smartseis 
signal enhancement seismograph. These instruments have the capability to simultaneously record 12 channels 
of geophone data and produce hard copies of that data. The Smartseis also has the capability of digitally 
storing geophone data. Signal enhancement capability permits the use of a sledgehammer as the seismic 
energy source. A timmg sensor is attached to the hammer, and for p-waves, a metal plate is set securely on 
the ground surface add struck. Generating horizontally polarized s-waves typically involves setting the plate 
against the end of a wooden plank or railroad tie oriented perpendicular to the axls of the gwphone array and 
striking with a horizontal motion of the sledgehammer. A truck is usually driven onto the plank or tie to 
effectively couple the plank or tie to the ground. 

Because of the srgnal enhancement capability, signals from several or many strikes can be added together to 
increase the total signal available relative to noise to obtain the seismic record. Although explosives can also 
he used as a p-wave seismic energy source, a sledgehammer does not require licenses or permits, or involve 
special limitations, regulations and liabtlities. Explosive energy sources may be needed for long geophone 
arrays. Geophone cables with 12 geophone takeouts at 10-foot, 20-foot or 20-meter spacings are presently 
used. Vertical geophones are used to obtam p-wave data and horizontal geophones are used to obtain s-wave 
data. The seismograph system is extremely portable. In areas where vehicular access is not possible, the 
equipment can be mobilized by various means, including backpacking, packhorse, helicopter and canoe. 

Field Procedures -The field operations are directed by our experienced engineer or geologist, who operates 
the equipment, prepares the records and examines the data in the field. Refraction seismic lines are generally 
laid out nsing the standard spacings on the gwphone cables. A maximum depth of investigation of about 75 
to 100 feet may be possible using a 300-foot array. For shorter lines with improved near-surface resolution, 
10-foot spacings between geophones with a 120-foot m y  have a maximum depth of investigation of about 
30 to 40 feet. Other geophone spacings can also be used. To improve the resolution of near-surface 
interfaces, energy source positions generally are set at 12.5 feet from the ends of a 25-foot spacmggeophone 
array or at 5 feet from the ends of a 10-foot geophone spacing m y .  Several shots locations are utilized along 
the length of an array. When three shots are obtained, there is a foreshot and a backshot at the array ends and 
a midshot at the array center. Themidshot is usually placed midway between the two centermost geophones. 
When five shots are obtained, the additional shotpoints are locatedmidway between the foreshot-midshot and 

themidshot-backshot. These multiple shot points permit interpretation of near-surface interfaces at various 
locations along the array as well as near the endpoints for variable subsurface profiles, and permits more 
refined overall interpretations of shallow and mid-depth subsurface velocities and interfaces. In cases when 
both enhanced depth of investigation and improved shallow resolution are needed, multlple 12-geophone 
arrays are completed end to end and combined into longer composite 24- or more geophone arrays with 
greater depths of investigation. Additional energy shotpoints are then, at a minimum, performed at the 
midpo~nt and far endpoint of each adjacent 12-geophone array to provide seismic energy travel path coverage 
over the extended array. 



REFRACrION SEISMIC EQUIPMENT & PROCEDURES (Cont.) 

P-wave data are recorded for general exploration work. S-wave data are also recorded when dynamic 
subsurface material properties are desired. An s-wave amval is venfied by obtained two sets of horizontal 
data that are 180 degrees out of phase. The phase reversal is-obtained by either reversing the horizontal 
geophone orientation or reversing the hammer impact direction. Hard copy printouts of all field data are 
made and inspected as the information is collected. Field notes, including line number and orientation, 
topographic variations and other notes as appropriate are made on the hard copy printout. Locations and other 
notes are made on site maps and in notebooks as appropriate. Initial first arrival picks are made in the field 
and array endpoint arrival times are checked for immediate data adequacy verification as part of the quality 
control process. 

Interpretation - Although preliminary or quality control initial refraction seismic data interpretations may 
sometimes be performed in the field, full interpretations are completed in the office. At the present time, two 
interpretation methods are being used; the intercept time method (ITM) and anoptimization software routine 
based on finite difference optimization software. ITM breaks an interpretation into several distinct layers. It 
is simple, can be performed with a calculator, and can provide excellent interpretations of near surface layer 
depths and velocities. Optimization provides a continuously variable velocity interpretation through a 
discrete grid. Interpretations using optimization also indicate zones where interpretation has occurred, thus 
providing quality control on the depths to which the interpretation can be relied upon. However, the discrete 
grid used by optimization results in a low resolution near surface interpretation. The combination of both 
ITM and, when appropriate, optimization methods provides two separate interpretations with complimentary 
strengths and cross-checking capability. These interpretation methods are applied as appropriate to a 
particular project. 

Refraction seismic data interpretation using the intercept time method 1s detailed by Mooney (1973). A 
personal computer spreadsheet is used to perform the necessary calculahons to obtain depths and layer 
velocities, and print out time-distance plots and depth interpretations. This method is used for interpretations 
of up to three layers. It is considered that more than three layers cannot be effectively interpreted using 
twelve geophone data points. Interpretations are then completed manually to produce a final interpreted 
geologic profile and layer depths. 

Refraction seismic data interpretation using optimization is performed using the SeisOpt2D software package 
by Optim, L.L.C., 1999, &Reno, Nevada. Energy source and geophone receiver locations and elevations, 
and first amval times are entered into the software package, and first amval travel times are optimized 
through a process of repeated (typically 10,000 to 100,000) iterations. Multiple seismic lines combined end 
to end into a longercomposite line can be effectively interpreted using this software. Model grid dimensions 
and element sizes are selected, with larger grids containing smaller elements provid~ng greater potential 
resolution. However, very large grids containing small elements may become unstable, and several runs may 
need to be made to obtain stable, robust interpretations. Once a robust interpretation has been obtained, the 
resulting seismic velocity profile is printed out with varying colors indicating the interpreted velocities. 

References: 

Mooney, H.M., 1973, Engineering Seismology Using Refraction Methods, Bison Instruments, Inc., 
Minneapolis, Minnesota. 

Rucker, M.L. and Keatou, J.R, 1998, Tracing an earth Fissure Using Seismic-Refraction Methods with 
Physical Verification, in Land Subsidence Case Studies and Current Research: Proceedmgs of the Dr. Joseph 
F. Poland Symposium on Landsubsidence, Edited by Borchers, J.W., Special PublicationNo. 8, Association 
of Engineering Geologists, Star Publishing Company, Belmont, California, p. 207-216. 
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REFRACTION MICROTREMOR (ReMi) SHEAR WAVE EOUrPMENT AND PROCEDURES 

Refraction microternor or ReMi surveys are performed in general accordance with the method described by Louie (2001) 
to develop vertical one-dimensional shear wave (s-wave) velocity profiles. The same equipment used for ReMi is also 
used for refraction seismic. When appropriate, both p-wave and s-wave data can be collected with the same physical 
seismic line setup. 

ReMi Seismic Equipment - ReMi surveys are performed usmg a Geometries S-12 Smartseis signal enhancement 
seismograph. This instrument has the capability to digitally record and store up to 12 channels of gwphone data in 
SEG2 format. Up to 16,384 samples can be acquired for each geophone channel at sample intervals as long as 0.25,O 5, 
1 and 2 milliseconds. Sampling events to collect ReMi field data may typically last 6, 12 or 24 seconds. Geophone 
cables with 12 geophone takeouts at 10-foot or 20-meter spacings are presently used. Vertical geophones with resonant 
frequencies of 28 Hz and 4.5 Hz are used to obtain surface wave data for s-wave vertical profile analysis. High 
frequency gwphones are used for shorter arrays with shallower depths of investigation, and low frequency geophones 
are used for longer arrays with greater depths of investigation. Broad band ambient site noise may be used as a surface 
wave energy source. Controlled surface wave energy sources include jogging alongside shorter geophone arrays and 
driving a field vehicle alongside longer geophone arrays. The seismograph system is extremely portable. In areas where 
vehicular access is not possible, the equipment can be mobilized by various means, including backpacking, packhorse, 
helicopter and canoe. 

ReMi Field Procedures - The field operations are directed by our experienced engineer or geologist, who operates the 
equipment, prepares the records and examines the data in the field. ReMi seismic lines are generally laid out using the 
standard spacings on the geophone cables. A depth of investigation of about 100 meters or more may be possible using a 
240 meter array. For shorter lines with improved near-surface resolution, 10-foot spacings between geophones with a 
120-foot array have a depth of investigation of about 30 to 40 feet or more. Other geophone spacings can also be used. 

Data collection consists of the system sampling the ambient or generated surface waves (a sampling event) at the 
geopbone array for several to many seconds. Typical sampling times and intervals for a sampling event may be 6 
seconds at 0.5 milliseconds, 12 seconds at 1 millisecond and 24 seconds at 2 milliseconds for array lengths of 60 feet, 
120 feet and 240 meters, respectively. Several sampling events are collected at each ReMi setup. For shorter arrays 
where ReMi with surface wave energy generated by jogging is conducted in concert with seismic reeact~on data 
collection, four sampling events may typically be recorded. For longer arrays where urban ambient noise or a field 
vehicle generates the surface wave energy, six to ten samplig events may be recorded. Field notes, including line 
number and orientation, topographic variations and other notes as appropriate are made on hard copy of traces 
Locations and other notes are made on site maps and in notebooks as appropriate. Sample data files may be transferred 
by 3 5-inch floppy to the laptop computer and preliminary interpretations made for immediate data adequacy verification 
as part of the quality control process. 

Interpretation - Although preliminary or quality control initial ReMi selsmic data interpretations may sometimes be 
performed in the field, full interpretations are completed m the office. Data files, typically about 580kb each in size, are 
transferred from the seismograph to the laptop computer using 3.5-inch floppy disks. Interpretation is performed using 
the SeisOpt ReMi Version 3.0 (2004) software package by Optim, L.L.C., of Reno, Nevada. The software consists of 
two modules. The ReMiVsSpect module is used to convert the SEG2 files into a spectral energy shear wave frequency 
versus shear wave velocity presentation for a ReMi seismic setup. The interpreter then selects a dispersion curve 
consisting of the lower bound of the spectral energy shear wave velocity versus frequency trend, and that dispersion 
curve is saved to disk. Tracing the l w e r  bound (slowest) of the shear wave velocity at each frequency selects the 
ambient energy propagating parallel to the geophone array, since energy propagating incident to the array will appear to 
have a faster propagating velocity. The second module, ReMiDisper, is then invoked. The interpreter models a 
dispersion curve with multiple layers and s-wave velocities to match the selected dispersion curve from the field data. 
An interpreted vertical s-wave profile is obtained through this process. It must be understood that this type of 
interpretation may not result in aunique solution. 

Louie, J.L., 2001, Faster, Better: Shear-wave velocity to 100 meters depth from refraction microtremor arrays, Bulletin 
of the Seismological Society of America, Vol. 91,347-364. 
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10000 

Depth Velocity 

0 -13R 560fls Estimated depth of 
13-22R 1300fls investigation is 7120 feet 
22 - 32 ft 2000 f/s based on 114 wavelength 
32 - 71 ft 1200 fls penetration into subsurfac~ 
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Refraction Microtremor S-wave Interpretation Line 48 AMEC Job NO. 6-1 17-001 025 

10000 

Depth Velocity 

0 - 7 ft 500 fls Estimated depth of 
7 - 21 ft 1300 fls investigation is >I20 feet 
21 - 53 ft 970 fls based on 114 wavelength 
53 fl + 31 00 fls penetration into subsurface 

I I n dispersion points 1 
d i s p e r s i o n  curve 

1 1 frequency (Hz) 



Refraction Microtremor S-wave Interpretation 

10000 

Line 49 AMEC Job NO. 6-1 17-001 025 

investigation is >I20 feet 
0 -13R 610fIs based on 114 wavelength 

13 - 26 ft 1200 f/s penetration into subsurface 
26 - 44 ft 680 fls 
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Refraction Microtremor S-wave Interpretation Line 50 AMEC Job NO. 6-1 17-001025 
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Depth Velocity 

J - 4f t  590 fls 
4-17f t  73Ofls 

17-26ft  1300fts 
26 - 41 ft 750 f/s 
41 f t+ 2000 fls 

Estimated depth of 
investigation is -42 feet 
based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation AMEC Job NO. 6-1 17-001025 

Estimated depth of 
9 - 1 9 f l  1200fls investigation is >I20 feet 

based on 114 wavelength 
40 - 107 ft 2200 fls penetration into subsurf 
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Refraction Microtremor S-wave Interpretation Line 52 

10000 

AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

Estimated depth of 
investigation is >I20 feet 

17-31fl  1200fls 

56-113ft 22OOfl~ 
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Refraction Microtremor S-wave Interpretation Line 53 AMEC Job NO. 6-1 17-001 025 
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Depth Velocity 

Estimated depth of 
investigation is s120 feet 
based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 54 

10000 

AMEC Job NO. 6-1 17-001025 

0 - 8 f i  630f/s Estimated depth of 
8 -34 f i  1300fIs investigation is -120 feet 

34 - 53 ft 900 fls based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 55 AMEC Job NO. 6-1 17-001025 

0 - 8 f t  700 fls Estimated depth of 
8 -17 f t  1000fIs investigation is -120 feet 

17-27R 1500fIs based on 114 wavelength 
27 - 41 ft 630 fls penetration into subsurface ,-, 
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Refraction Microtremor S-wave Interpretation Line 56 

10000 

AMEC Job NO. 6-1 17-001 025 

Depth Velocity Estimated depth of 
investigation is -55 feet 

O - l o f t  650fIs based on 114 wavelength 
10-18R 1500fls etration into subsurface 
18-75f t  1100fls 
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Refraction Micmtremor S-wave Interpretation Line 57 AMEC Job NO. 6-1 17-001 025 
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Depth Velocity 

Estimated depth of 
investiaatiorl is -50 feat 
based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 58 AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

0 - 2ft 650fls Estimated depth of 
2 -  6ft  1400f/s investigation is >I20 feet 
6 -  lof t  730fls based on 114 wavelength 

10-  17ft 1200fls penetration into subsurface 
17-5517 810fls 
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Refraction Microtremor S-wave Interpretation Line 59 AMEC Job NO. 6-1 17-001 025 

10000 

Depth Velocity 

0 - 7 ft 650 fls Estimated depth of 
7 - 28 ft 1300 f/s investigation is >I20 feet 

28 - 51 f t  970 fls based on 114 wavelength 1 5 l l +  3400 f/s penetration into subsurface 

I dispersion points 1 
-dispersion curve ( 
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Refraction Microtremor S-wave Interpretation Line 60 

10000 

Depth Velocity 

0 -  12R 600fls Estimated depth of 
12-29ft  1300fIs investigation is -55 feet 
29 - 61 ft 970 fls based on 114 wavelength 

AMEC Job NO. 6-1 17-001025 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 61 AMEC Job NO. 6-1 17-001 025 

0 - 1 1 R  600fIs Estimated depth of 
11-17R 940fls investigation is >I20 feet 
17-31  ft 140Ofls based on 114 wavelength 
31 - 54 R 840 fls penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 62 

10000 

AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

0 - 5ft 450fls Estimated depth of 
5 -13 f t  940fls investigation is >I20 feet 

13-28ft  1500fIs 
28 - 61 ft 900 fls 
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Refraction Microtremor S-wave Interpretation Line 63 AMEC Job NO. 6-1 17-001 025 

10000 

Depth Velocity 

3 - 5 ft 600fIs Estimated depth of 
5 - 16 ft 1000 fls investigation is >I20 feet 

16-26ft  150Ofls based on 114 wavelength 
26-63f I  l000fls penetration into subsurface 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 64 AMEC Job NO. 6-1 17-001 025 

0 - 6ft 570fls Estimated depth of 
6 - 19 ft 1400 fls investigation is >l2O feet 

19-63f t  1000fls based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 65 

~ 0 0 0 0  

AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

0 - l o f t  60Ofls Estimated depth of 
10 -23R  1400fIs investigation is -43 feet 
23 - 52 ft 800 fls based on 114 wavelength 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 66 AMEC Job NO. 6-1 17-001025 

Depth Velocity 

0 - 3 ft 400fls Estimated depth of 
3 -12 f t  810fls investigation is -43 feet 

12-22f t  1300fls 
22 - 66 ft 960 WS 
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Refraction Microtremor S-wave Interpretation 
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Line 67 AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

0 -  6R 610fIs Estimated depth of 
6 - 1 5 R  900fIs investigation is >I20 feet 

15-25R 1500fIs based on 114 wavelength 
25 - 66 ft 960 fls penetration into subsu 
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Refraction Microtremor S-wave Interpretation Line 68 
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AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

0 -  4R 610Ws Estimated depth of 
4 - 1 3 R  lOOOf/s investigation is >I20 feet 

13-23R 1500f/s based on 114 wavelength 
23 - 53 R 940 f/s 
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Refraction Microtremor S-wave Interpretation Line 69 AMEC Job NO. 6-1 17-001 025 

10000 

Depth Velocity 

Estimated depth of 
investigation is >I20 feet 
based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 70 AMEC Job NO. 6-1 17-001 025 

10000 
Depth Velocity 

0 - 4R 650fls Estimated depth of 
4 - 30 R 1000 f/s investigation is -120 feet 

30-36R 2100fIs based on 114 wavelength n 
36-42R 1000fls penetration into subsurface 
42R+ 2600 f/s o 

-dispersion curve 

1 1 frequency (Hz) 



Refraction Microtremor S-wave Interpretation AMEC Job No. 6-1 17-001 025 

10000 
Depth Velocity 

0 - 5 ft 38D ffls 
5-17f t  1400f/s 

17-57ft 13OOf/s 
57ft+ 27DO fls 

Estimated depth of 
investigation is >I20 feet 
based on 114 wavelength 
penetration into subsurface 



Refraction Microtremor S-wave Interpretation AMEC Job NO. 6-1 17-001025 
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Depth Velocity 

0 - 3f t  500fIs Estimated depth of 
3 - 5 7 f t  1100fIs investigation is >I20 feet 

based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 73 

10000 

AMEC Job NO. 6-1 17-001025 

Depth Velocity 

3 -  3R 510fJs Estimated depth of 
3 -65R l l 00 f l s  investigation is >I20 feet 

based on 114 wavelength 
penetration into subsurfaceo 
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Refraction Microtremor S-wave Interpretation Line 74 

10000 

AMEC Job NO. 6-1 17-001025 

0 - 4ft 450 fls Estimated depth of 
4 -60f t  1000fls investigation is -44 feet 

based on 114 wavelength 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 75 

0 - 4ft 450 fls Estimated depth of 
4 - l i f t  1000fls investigation is -55 feet 

11 -20f t  1500fls 
20-72R l100fIS 

00-4:- 
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AMEC Job NO. 6-1 17-001 025 
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Refraction Microtremor S-wave Interpretation Line 76 

10000 

AMEC Job NO. 6-1 17-001 025 

0 - 5 f t  530fls 
5 -15R l000fls Estimated depth of 

15-24R 1600fIs investigation is -120 feet 
24 - 38 R 890 fls based on 114 wavelength 

penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 77 AMEC Job NO. 6-1 17-001 025 

Depth Velocity 

0 - 5 R 400fls Estimated depth of 
5 - 1 8 f l  13OOfls investigation is s120 feet 

18-31R 1800fIs based on 114 wavelength 
31 -64R  l000fls penetration into subsurfaceo 
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d i s p e r s i o n  curve 



Refraction Mi~rotramr S-wave Interpretation Line 78 AMEC Job NO. 6-1 17-001 025 

- - - -  1 Depth Vetocity 

0 - 3 H 490f/s Estimated depth of 
3 - l l f i  13OOfls investigation is -1 00 feet 

11 -24H 1000fIs based on 114 wavelength 
24-58R 1300fIs penetration into subsurfa~e 
58 H + 2600 f/s 
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1 I frequency (Hz) 



Refraction Microtremor S-wave Interpretation 

10000 

Line 79 AMEC Job NO. 6-1 17-001025 
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1 1 frequency (Hz) 

- 
Depth Velocity 

0 - 3 R 500fIs Estimated depth of 
3 - 17 R 1800 fls investigation is -1 10 feet 

17-22R 2700fIs based on 114 wavelength 
22-40ft  1OOOfIs penetration into subsurface 
40 ft + 2400 fls 
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Refraction Microtremor S-wave Interpretation Line 80 AMEC Job NO. 6-1 17-001 025 

10000 

Depth Velocity 

Estimated depth of 
investigation is >I20 feet 
based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 81 AMEC Job NO. 6-1 17-001 025 

10000 
Depth Velocity 

Estimated depth of 
investigation is -120 feet 
based on 114 wavelength 
penetration into subsurface 

n u n  q q 

dispersion points 
-dispersion curve 
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Refraction Microtremor S-wave Interpretation 

10000 

Line 82 AMEC Job NO. 6-1 17-001 025 

Nnes. seclmeter I 

0 - 6 ft 470 fls Estimated depth of 
6 -15 f t  1300fIs investigation is >I20 feet 

15-28ft  950fls based on 114 wavelength 
28 - 33 ft 2500 fls penetration into subsurface 
33 - 53 ft 950 fls 

2700 f/s 
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Refraction Microtremor S-wave Interpretation 

10000 - 

Line 83 AMEC Job NO. 6-1 17-001025 

0 -  12R 770fls Estimated depth of 
12 - 25 f t  2100 fls investigation is -1 20 feet 
25-43ft 1000f/s based on 114 wavelength 

penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 84 

10000 

AMEC Job NO. 6-1 17-001025 

Depth Velocity 

3 - 7 ft 550 fls Estimated depth of 
7 - 24 ft 2200 fls investigation is s120 feet 

24-58ft  1200fIs based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Line 85 

10000 

Depth Velocity 

0 - 6 ft 560 fls Estimated depth of 
6 - 30 ft 2200 fls investigation is >I20 feet 
30 - 54 ft 950 fls based on 114 wavelength 

penetration into subsurface 

AMEC Job NO. 6-1 17-001 025 
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Refraction Microtremor S-wave Interpretation Deep Rerni DL-1 AMEC Job NO. 6-1 17-001025 

1 Depth Velocity 

Estimated depth of 
investigation is -280 feet 
based on 114 wavelength 
penetration into subsurface 
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Refraction Microtremor S-wave Interpretation Deep Remi DL-2 AMEC Job NO. 6-1 17-001 025 
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0 - 9f t  570 fls 
9 -  25ft 130Ofls 

25 - 35ft 2200 fls Estimated depth of 
35- 54ft l100fIs investigation is 2800 feet 
54- 70ft 3100fIs based on 114 wavelength 
70 - 298 ft 1800 fls penetration into subsurface 

298 - 968 ft 2600 fls 
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Refraction Microtremor S-wave Interpretation Deep Rerni DL-3 AMEC Job NO. 6-1 17-001 025 
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Depth Velocity Estimated depth of 

investigation is -360 feet 
0 -  13R 700 fls based on 114 wavelength 

13-  21ft 1500fIs penetration into subsurface c 
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Refraction Microtremor S-wave Interpretation Deep Rerni DL-4 AMEC Job NO. 6-1 17-001 025 

10000 
Depth Velocity 

Estimated depth of 
0 - 22 ft 1000 f/s investigation is >800 feet 

22-  32ft 2100fls w based on 114 wavelength 
32 - 51 ft 1000 f/s penetration into subsurface 
51 - 82 ft 3100 f/s 
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Refraction Microtremor S-wave Interpretation Deep Remi DL-5 AMEC Job NO. 6-1 17-001 025 

10000 
Depth Velocity 

I 
0 - 9 ft 630fls 
9 -  23R 1700f I~  

23-  67R 1100fls Estimated depth of 
67 - 97R 3600fIs investigation is -790 feet 
97 - 257 R 1700 fls based on 114 wavelength 

257 - 712 ft 2300 fls penetration into subsurface 

d i s o e r s i o n  curve 
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Refraction Microtremor S-wave Interpretation Deep ReMi DL-6 AMEC Job NO. 6-1 17-001 025 

10000 

Estimated depth of 
0 -  13ft 810fls investigation is -470 feet 

13- 20ft 1500fIs based on 114 wavelength 
20- 51ft 1200fIs penetration into subsurface 
51 - 76 ft 3200 fls 
76 - 409 ft 1800 fls 
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Refraction Microtremor S-wave Interpretation Deep Remi DL-7 AMEC Job NO. 6-1 17-001 025 

1 Depth Velocity 
- 

0 - 6 ft 960 fls 
Estimated depth of 

6-102ft  1700fIs 
investigation is -360 feet 

102 - 249 ft 2200 fls . . Cbased on 114 wavelength 
o penetration into subsurfac 
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Refraction Microtremor S-wave Interpretation Deep Remi DL-8 AMEC Job NO. 6-1 17-001 025 

10000 

lnvestlgatlon IS >800 feet 
0 - 5 ft 990 fls based on 114 wavelength 
5 - 16 ft 1600 Ws penetration into subsurface 

16-  50ft 1300fIs 
50 - 150 ft 3500 fls 

150-576ft 160OfI~ 
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Refraction Microtremor S-wave Interpretation 

10000 

Deep Remi DL-9 AMEC Job NO. 6-1 17-001 025 

investigation is -240 feet 
0 - 13 ft 1 100 f/s based on 114 wavelength 

13 - 24 ft 1500 f/s penetration into subsurface 
24-68R llOOf/s 
68 - 87 ft 3200 f/s 
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Refraction Microtremor S-wave Interpretation 

10000 

Deep Remi DL-10 AMEC Job NO. 6-1 17-001025 

0 - 5 ft 600 fls Estimated depth of 
5 -  15ft 1500fIs investigation is -800 feet 

15-  50ft 1200fIs based on 114 wavelength 
50 - 84ft 3200 fls penetration into subsurface 
84-610ft 1600fIs 
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Refraction Microtrernor S-wave Interpretation Deep Rerni DL-1 1 AMEC Job NO. 6-1 17-001 025 
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Refraction Microtremor S-wave Interpretation 

10000 

Deep Remi DL-1 2 AMEC Job NO. 6-1 17-001 025 

w 
based on 114 wavelength 
penetration into subsurface 

31- 46R 1200fIs 
46 - 66 R 3500fIs dispersion points 

d i s p e r s i o n  curve 
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Refraction Microtremor S-wave Interpretation 

10000 

Deep Remi DL-13 AMEC Job NO. 6-1 17-001025 

investigation is >800 feet 
based on 114 wavelength 

10-23f t  1700fIs penetration into subsurface 
23 - 60 ft 1200 fls 
60 - 84 ft 3600 f/s 
84-340ft 1700fl~,, 
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Refraction Microtremor S-wave Interpretation Deep Remi DL-1 4 

10000 

AMEC Job NO. 6-1 17-001 025 

0 -  5R 610fls Estimated depth of 

5 -  63R 140Ofl~ investigation is s800 feet ,, 
63 - 71 R 3200 fls based on 114 wavelength 

71 - 804 R 2000 fls penetration into subsurface 

5300 fls 
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Refraction Microtremor S-wave Interpretation 

10000 

Deep Remi DL-15 AMEC Job NO. 6-1 17-001 025 

Estimated depth of 0 - 7R 500f/s . 
investigation is -600 feet 7 -  61R 1200fls 
based on 114 wavelength 61 - 79 R 3200 f/s 

penetration into subsurface 79-102ff 1400fIs 
102 - 882 ft 2300 f/s 

1 1 frequency (Hz) 

high freq disp pts 



APPENUlX C - AMEC 2007 LABORATORY TEST RItSULTS 



PROJECT: Wiltmann ADMP McMicken Dam 

LOCATION: 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-1 17-001025 PH 1 

WORK ORDER NO: 1 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM 0-2487) 

PERCENT PASSING BY WEIGH1 

Silt or 

Clay 

REVIEWED BY ,7/*~> 

SAND 

I Fine Medium ) coarse 

Location B Depth I USCS I LL I PI 1 11200 1 #I00 1 #SO 1 #40 1 #30 1 #16 1 # I 0  1 #8 1 #4 1114" 1318'.1 112" 1 314" 1 1" I 1 114" ( 1 l lZ" ]  2" 1 3" 1 6" Lab# 

COBBLES 
GRAVEL 

Fine Coarse 



PROJECT: Wittrnann ADMP McMicken Dam 

LOCATION: Arizona 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-117-001025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 1112812006 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM D-2487) 

PERCENT PASSING BY WEIGH1 

Silt or 

Clay 

REVIEWED BY 

SAND I GRAVEL 

I COBBLES 
Fine Medium I coarse Coarse 

Location 8. Depth # I 0  USCS #8 1 #4 L L  PI 1 11200 11100 1 1150 1 #40 1130 1 # I 6  



PROJECT: Wilfmann ADMP McMickrn Dam 

LOCATION: Arizona 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-1 17-001 025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM D-2487) 

PERCENT PASSING BY WEIGHT 

Silt or 

Clay 

REVIEWED BY - 
I 

SAND GRAVEL 

Fine Coarse Fine 
Lab#  Location &Depth I USCS I LL I PI 

COBBLES 
Medium I coarse 

- - #ZOO # I00  ( #SO 1 #40 1 #30 1 H 6  1 # I 0  1 #B ] #4 1 114" 1112"1 2" 1 3.' 6" 



PROJECT: Wittrnarln ADMP McMicken Dam 

LOCATION: Arizona 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-1 17-001025 PH 1 

WORK ORDER NO: 2 
DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM 0-2487) 

PERCENT PASSING BY WEIGHT 

REVIEWED BY % 

Location B Depth I USCS 

Silt or 

Clay 

A200 L L  

SAND GRAVEL 
COBBLES 

PI 

Fine Medium Coarse Fine Coarse 

#I001 # I 0  1 #40 1 A30 A16 # I 0  A8 #4 



PROJECT. Willrnann ADMP McMicken Dam 

LOCATION: Artzona 

SAMPLE SOURCE: SEE RELOW 

JOB NO: 6-117-001025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL. USCS (ASTM D-2487) 

PERCENT PASSING BY WEIGH1 

REVIEWED BY - 
Localion 8 Depth I uscs I LL 1 PI 

COBBLES 

5" Lab#  

GRAVEL 

1 Fine Coarse 

114.. 1 318" 1 112.' 1 314'. 1 1" 1 1 114.. 1 1 112" 1 2" 1 3" 

Sil l  or 

Clay 

#ZOO 

SAND 

Coarse Fine 

#lo0 1 #SO 1 U40 1 #30 1 # I 6  1 # l o  1 #8 1 tCI 1 
Medium 



PROJECT: Witlmann ADMP McMicken Dam 

LOCATION: Arizona 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-1 17-001025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM D-2487) 

PERCENT PASSING BY WEIGHT 

Location & Depth I USCS I LL I PI 

REVIEWED BY & 

Silt or 

Clay 

#200 

SAND I GRAVEL 
COBBLES 

6" Lab# 

Fine 

# I00  1 #50 1 WO 1 #30 1 #16 1 # l o  1 #8 1 W 11 114"1 318"l 112" 1 314.' 1 1" 1 1 114" 11 112" 1 2" 1 3" 

Coarse Medium Fine Coarse 



PROJECT: Willmann ADMP McMicken Dam 

LOCATION: Arizona 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-1 17-001025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM D-2487) 

PERCENT PASSING BY WEIGH7 

REVIEWED BY - 
Location 8 Depth I USCS I L L  I PI 

COBBLES 

6" L a b #  

Silt o r  

Clay 

#ZOO 

SAND 

Fine 

GRAVEL 

Fine 

# I00  

Medium Coarse Coarse 

#50 #40 #30 1 1116 1 1110 1 118 1 #4 1 1112"1 2" 1 3.' 



PROJECT: Wiltmaim ADMP McMickert Dam 

LOCATION: Ari7.0na 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-117-001025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM 0-2487) 

PERCENT PASSING BY WEIGH1 

Location 8 Depth I USCS I LL I PI 

REVIEWED BY G 

Lab# 

Silt or 

Clay -. 
#ZOO 

COBBLES 

5" 

SAND GRAVEL 

Fine Coarse Fine 

114.' 318' 1" 11114"(1112"1 2" 1 3" 

Medium Coarse 

1100 #SO 1 M O  130 1 #16 # I 0  1 #8 M 1 



PROJECT: Wittmann ADMP McMicken Dam 

LOCATION: Arizona 

SAMPLE SOURCE: SEE BELOW 

JOB NO: 6-1 17-001025 PH 1 

WORK ORDER NO: 2 

DATE ASSIGNED: 11128106 

MECHANICAL SIEVE ANALYSIS 

GROUP SYMBOL, USCS (ASTM D-2487) 

PERCENT PASSING BY WEIGHT 

REVIEWED BY - 
Lab# Location & Depth I USCS I LL I PI 

Silt or 

Clay 

11200 

COBBLES 

6" 

SAND 

Fine 

GRAVEL 

Medium I Coarse Fine 

X I 0 0 1  #SO 1 #40 I X30 I X I 6  ( X I 0  1 #8 1 #4 

Coarse 

1114" 1318"1 112" 1 314" 1 1" ( 1 114" 1 1  1/2'.1 2" 1 3" 



APPENDIX D - AGRA CEOSYNTHETIC: LABORATORY TEST RESULTS 



BAGRA 
Earth & Environmental 

6 January 1 9 9 8  
AEE Job No. 7 -1  19 -000155  

AGRA Earth & 
Environmental. Inc. 
3232 West Virginia Avenue 
Phoenix, Arizona 85009-1502 
Tel (602) 272-6848 
Fax (602) 272-7239 

Report No. 2 
JAN 9 ? :C;! 

Flood Control District of Maricopa County 
2801  Wes t  Durango Street 
Phoenix. Arizona 8 5 0 0 9  

Attention: Mr. Warren Rosebraugh 

Gentlemen: 

RE: McMlCKEN D A M  (FCD 96-13 ASSIGNMENT #6) 
BELL ROAD & COTTON LANE 
SURPRISE. ARIZONA 

Transmitted herewith are resuits of testing performed on six geotextile samples submitted t o  
Precision Geosynthetic Laboratories. 

Should any questions arise concerning this reporr, please do not hesitate to  call. 

Respectfully submitted, 

AGRA Earth & Environmental, Inc. 

Alf h o l d ,  E.I.T. 
Field Supervisor 



p Precision Geosynthetjc Laboratories 

December 12, 1987 

Mr. klf Wold 
AGRA EARTH & ENVIRONMENTAL - 

3232 West Virginia Ave. 
Phoenix. Arizona 85009 

3ear Mr. Wold: RE: MCMICKEN DAM / 7-119-000155 

Thank you for consulting Precision Geosynthetic Laboratories for your material 
testing needs. 

Enclosed is the laboratory report for the testing of six (6) geotextile samples received 
December 9. 1997. 

It should be noted that the test specimen and test sample used for this report were 
believed to be representative of the material produced under the designation herein 
stated. However, these results are indicative of onlv the s~ecimen that were actuallv 
fekteo Tne testirg nereln s baseo upon accepted !io-stry prac1:ce as well as the lei1 
retnoo isted Precslor. Geosvnrnet c Laboratories neltner accepts respons:b Illy for nor 
makes claims to the final use and purpose of the material 

By accepting the data and resul:s represented on this report. Client agrees to limit the 
liability of Precision Geosynthetic Laboratories from Client and ail other parties for claims 
arising out of the use of this data to the cost for the respective test(s) represented in this 
report, and Client agrees to indemnify and hold harmless Precision Geosynthetic 
Laboratories from and against all liability in excess of the aforementioned limit. 

It is specifically requested that this document isconsidered proprietary information and 
should not be disclosed outside your organization in whole or in part without express 
consent of the author or the reviewer. 

If you have any questions or if we may be of further service, please do not hesitate to call 
at 800-522-4599. 

Sincerely, 

PRECISION GEOSYNTHETIC LABORATORIES 

Enclosure: (Job No. 971305) 

QB+ Ronald E. Bei er 

Technical  irei it or 

1742 West Katella, Suite #4, Orange, CA 92867 - (714) 744-4599 FAX (714) 744-0357 



Precision Geoqnthetjc Laboratories 

December 12, 1997 

VERIFICATION OF MATERIAL PROPERTIES 
Geotextile 

MCMICKEN DAM 1 7-1 19-000155 

FOR: AGRA EARTH & ENVIRONMENTAL 
(Reference: PGL Job No. 971305) 

MATERIAL DESCRIPTION: geotextiie No, of MATERIALS: (6) 

ORIGIN OF MATERIAL: AGRA EARTH & ENVIRONMENTAL 1 Phoenix, Arlzona 

DATE RECEIVED: December 9, 1997 SHIPPER: UPS 

SAMPLE IDENTIFICATIONS: 

SAMPLE ID 

lmperm @ Sta. 281+00 
Perm @ Sta. 281+00 
Perm @ Sta. 462+00 
lmperm @ Sta. 462+00 
Perm @ Sta. 60+50 
lmperm @ Sta. 60+50 

TESTS REQUIREQ: 

DESCRIPTION 

Grab Tensile and Elongation 
Puncture Resistance 
Trapezoid Tear Resistance 

PRECISION CONTROL NUMBER 

TEST METHOD Fcb SF ( 1 9 x 3 )  

ASTM D4632 ~sr t l  D i6BZ 
ASTM ~ 4 8 3 3  &TH a 75-1 
ASTM C4533 ASTM ‘p 751 

TEST CONDITIONS: The samples were conditioned for a minimum one hour in the laboratory 
at 23 + 2% (731 + 3.6'F) and at 60 + 10% relative humidity prior to test. 

TEST RESULTS: 

The test results is summarized in Tables 1 through 6. The units in which the data are reported are 
included on the tabies. 

PRECISION GEOSYNTHETIC LABORATORIES 

1742 West Katella, Suite #4, Orange, CA 92867 . (714) 744-4599 FAX (714) 744-0357 



TABLE I. 
MATERIALPROPERTIES 

Geotexlile 
MCMICKEN DAM 1 7-119-000155 

FOR: AGRA EARTH 8 ENVIRONMENTAL 

Date Received - 12/9/97 

Client Sample ID : lrnperrn @ Sta. 281+00 

Dale Reporled : 1211 2/97 

PGL Job No. : 971305 
PGL Control No. : 25973 

SPECIMENS 
1 2 3 4 5 6 7 8 9 10 

METHOD DESCRIPTION 
ASTM D4632 Grab Tensile' 

Tensile Slrength (Ibs) 
MD 232 242 237 251 . 246 

TD 239 258 . . 250 

Elongation at Peak (percent) 

MD 18 16 15 

TD 16 17 .I 7 

ASTM D4833 Puncture Resistance' (Ibs) 

137 143 148 140 141 152 145 . 144 . 141 157 
ASTM 04533 Trapezoid Tear Strength' (Ibs) 

MD 44 26 36 31 48 

TD 88 84 1 2 6  89 118 

MO - MAClllNE DIRECTION 
TO - TRANSVERSE DIRECTION 
'- TESTED LESS TtlAN REQUIRED NUMRER OFASTM REPLICATES. LIMITED SAMP Precision Geosynthetic Laboratories 



TABLE 2. 
MATERIAL PROPERTIES -. 

Geotexlile 

MCMICKEN DAM 1 7-1 19-0001 55 
FOR: AGRA EARTH & ENVIRONMENTAL 

Dale Received : 12/9/97 Date Reporled : 12112197 

Client Sample ID : Perm @ Sta. 281+00 PGL Job No. : 971305 
PGL Control No. : 25974 

ASTM D4632 Grab Tenslie* 

Tensile Strength (Ibs) 

MD 222 222 21 7 215 199 

TD 197 197 193 197 205 

Elongallon at Peak (percent) 

MD 80 73 78 74 87 

TD 21 20 16 19 17 

ASTM D4833 Puncture Resrstance' (Ibs) 

ASTM D4533 Trapezo~d Tear Strength' (Ibs) 

MD 193 200 200 175 215 

TD 115 115 142 115 98 

MD -MACHINE DIRECTION 
TD - TRANSVERSE DlRCCTlON 

'- TESTED LESS THANREQUIRED NUMBER OFASTMREPLICArES. LIMITED SAMP Precision Geosynthetic Laboratories 



1-ABLE 3. 
MATERIAL PROPERTB 

Geotextile 

MCMICKEN DAM 1 7-119-000155 
FOR: AGRA EARTH 8 ENVIRONMENTAL 

Date Received : 12/9/97 

Client Sample ID : Perm @ Sta. 462+00 

Dale Reporled : 12112197 

PGL Job No. : 971305 

PGL Control No. : 25975 

ASTM 04632 Grab Tens~le* 

Tens~le Strength (Ibs) 

MD 197 186 217 

TD 176 169 197 

Elongallon at Peak (percent) 

MD 14 66 81 

TO 13 12 75 

ASTM 04833 Puncture Res~stance' (Ibs) 

117 124 102 120 128 

ASTM D4533 Trapezoid Tear Strength' (Ibs) 

MD 190 147 185 

TO 127 153 157 

MD - MACHINE DIRECTION 
m - TRANSVERSE DIRECTION 
'- TESTED LESS THAN REQUIRED NUMBER OF ASTM REPLiCA7ES. LlMITED SAMP 

Precision Geosynthetic Laboratories 



TABLE 4. 
MATERIAL - PROPEK_1:IEz - 

Geolexl~le 
MCMlCKEN DAhl I 7-1 19-000155 

FOR: AGRA EARTH B ENVIRONMENTAL 
Dale Received : 1219197 

Client Sample ID : lrnperm @ Sta. 462+00 
Date Reported . 12112197 

PGL Job No. . 971305 
PGL Conlrol No. . 25976 

ASTM D4632 Grab Tensile' 

Tensile Strength (Ibs) 

MD 226 230 230 217 . . 240 

TD . 304 243 . 305 . 286 ' : 23 

Elongation at Peak (percent) 

MD I 9  . 20. . 22 

TD 14 
ASTM D4833 Puncture Resistance' (Ibs) 

ASTM D4533 Trapezoid Tear Strength' (Ibs) 

MD 58 52 67 45 48 

TD 76 77 90 76 95 

MD - MACHINE OlRFCTlON 
TD - TRANSVERSE DIRECTION 
'- TESTED LESS THAN REQUIRED NUMBER OF ASTM REPLICATES. LIMITED SAMP 

PrecisSon Geosynthetic Laboratories 



TABLE 5. 
NlATERlAL PROPERTIES 

Geotexlile 
MCMICKEN DAM 1 7-1 19-000155 

FOR: AGRA EARTH B ENVIRONMENTAL 

Date Received . 1219197 Dale Reported : 12112197 

Client Sample ID : Perm @ Sta. 60+50 PGL Job No. : 971305 
PGL Control No. : 25977 

ASTM D4632 Grab Tenslie' 

Tefls.de Strength (Ibs) 

MD 174 

TD 197 

Elongation at Peak (percent) 

MD 78 

TD 75 

ASTM D4833 Puncture Resrslance' (Ibs) 

ASTM D4533 Trapezo~d Tear Strength* (Ibs) 

MD 160 145 175 140 166 

TD 105 111 155 167 130 

MD - MACHINE DIRFCTION 
TD - TRANSVERSE DIRCCTION 
' - TESTED LESS THANREQUIRED NUMBER OF ASTM REPLICATES. LIMITED SAMP Precision Geosynthetic Laboratories 



1-ABLE 6. 

w_R.IAL PROPERTIES 

Geolexl~le 
MCMICKEN DAM 1 7-1 19-000155 

FOR: AGRA EARTH B ENVIRONMENTAL 

Dale Rece~ved 1219197 Date Reporlcd : 12112197 

Client Sample ID : lmperm @ Sta. 60+50 PGL Job No. . 971305 

PGL Control No. : 25978 

SPECIMENS 
1 2 3 4 5 6 7 8 9 I 0  

METHOD DESCRIPTION 
ASTM D4632 Grab Tensile' 

Tens~le Strenglh (Ibs) 

MD 246 252 226 281 260 

TD 271 298 287 289 304 

Elongal~on at Peak (percent) 

MD 16 25 19 14 20 

TD 17 16 16 17 16 

ASTM 04833 Punclure Res~slance' (Ibs) 

125 127 130 138 127 157 160 152 156 157 

ASTM D4533 Trapezard Tear Strength' (Ibs) 

MD 50 50 56 51 55 

TD 78 71 102 88 79 

MD - MACHINE DIRECTION 
TL7- TRANSVERSE DIRECTION 
'. TES W D  LESS THAN REQUIRED NUMBER OF ASTM REPLICATES. LIMITED SAMP 

Precision Geosynthetic Laboratories 



. > 
, . 

... GEOTEXTILE SPECIFICATIONS 
Poly-propylene  o r  P o l y e s t e r  Based G e o t e x t i l e s  

P r o p e r t i  e s  

,- -sn f, -& U p s t r e  
Downstream Toe C u t o f f  D r a i n  4 O u t l e t  

G e o t e x t i l e  G e o t e x t i l e  

;Tab T e n s i l e  S t r e n g t h  120 Minimum ?dachine 130 Minimum Machine 
STM D1682* ( I b s . )  D i r e c t i o n  of R o l l  D i r e c t i o n  of R o l l  

( w a r p ) ,  90 Minimum. ( w a r p ) ,  90 Minimum 
P e r p e n d i c u l a r  ( w e f t )  P e r p e n d i c u l a r  ( w e f t )  

r r apezo i  d a l  T e a r  
4STM D751* ( l b s . )  

Punc tu re  (I" b a l l )  
ASTM D751* ( l b s . )  

60 Minimum Machine 40 Minimum ~ a c h i n e  
D i r e c t i o n  of R o l l  D i r e c t i o n  of R o l l  
( w a r p ) ,  4 5  Minimum ( w a r p ) ,  4 0  Minimum 
P e r p e n d i c u l a r  ( w e f t )  P e r p e n d i c u l a r  (we£:) 

180 Minimum 140 Minimum 

F - ' v a l e n t  O p e n i n g  S i z e  No L a r g e r  t h a n  U.S. N A 
3 . S . )  COE-CW 02215 S t a n d a r d  S i e v e  No. 20 

P u l l o u t  T e s t  1 .0  Minimum 
E l o n g a t i o n  a t  1 0  PSI' 
Overburden Load ( i n c h e s )  

I 

P e r m e a b i l i t y  [ c m / s e c )  l x l ~ - ~  Minimum 

*Modif ied a s  d e s c r i b e d  i n  Des ign  R e p o r t .  

I 
CONSTRUCTION SPECIAL PROVISIONS 
i C D  CONTRACT NO. 83-31 Page 20 o f  32 

1 . 0  Minimum 

l x l ~ - ~  Maximum 



APPENDIX E - OUTLET CHANNEL RECONNAISSANCE REPORT 



Memo 

To File 
From Karen Anglin 
Tel 480-940-2320 ext. 165 
Fax 480-785-0970 
Date July 27, 2006 

File no 6-11 7-001025 
CC 

Subject McMicken Project 
Outlet Channel & Outlet Wash Site Reconnaissance Report 
Wittmann Area Drainage Master Plan 
Contract FCD 2004C060 
Maricopa County, Arizona 

Reconnaissance of the McM~cken outlet channel and outlet wash consisted of driving along the 
crest of the levee embankment and parallel to the levee along the channel alignment. Stops 
were made in areas of particular interest and digital photographs were taken of observed and 
relevant features. 

Stop 1 : Principal outlet structure 
Observed recent structural repair work near walls of the pr~ncipal outlet where cracks once 
existed between principal outlet walls and earthen dam 
Examined the principal outlet structure walls; observations appeared consistent with 
previously observed inward movement and offset of walls 
Photos taken from crest of dam looking downstream out over the outlet channel 
Observed some wash areas near beginning of outlet channel that have been covered with 
rip rap 

Stop 2,3, and 4: Areas of depression in levee embankment crest 
Detected dips and ruts near outlet channel Station 253+00 along levee crest and noted 
surface cracks on the slope of the levee 
Photos taken of dips and ruts at outlet channel Station 253+00 
Observed recent operation and maintenance repair work along levee crest and sides of 
levee at outlet channel Station 253+00 as well as Stations 258+50, 272+00 and 297+50. 
Detected higher lineament activity from high resolution photos near outlet channel Stations 
253+00and258+50 
Observed strong linear features in large drainages in surrounding areas near levee crest 
repair areas 
Observed odd direction of large drainage near outlet channel Station 264+00 
At outlet channel Station 297+50, observed ATV tracks near area of repair work 

AMEC Earth & Environmental, Inc. 
1405 West Auto Drwe 
Tempe. Arlzona 85284-1016 
Tel +I (480) 940-2320 
Fax +I (480) 785-0970 



McMicken Proiect 
Outlet channel & Outlet Wash Site Reconnaissance Report 
Wittmann Area Drainaae Master Plan 
Contract FCD 2004~Oi50 
Maricopa County, Ar~zona 
AMEC Project No. 6-1 17-001025 
July 27, 2006 

At outlet channel Station 297+50, observed odd linear feature that does not appears to be 
a drainage as depicted in high resolution photos 
ln~tial prep work in placing seismic lines considered areas near these stations where 
depression were observed, different geologic units along the outlet channel, and in even 
spacing along the outlet channel. 

Stop 5: Confluence of outlet channel and outlet wash 
Outlet channel merges along a sharp right bend with outlet wash 
Observed massive non-native conglomerates placed along cut bank where outlet channel 
and outlet wash merge 
Photos taken of outlet channel, outlet wash, and non-native conglomerates 

Stop 6: Intersection of US 60 and outlet wash channel 
Observed depression in road of US 60 at crossing of outlet wash 
Observed two developing residential areas on opposite side of US 60 
Photos taken on either side of US 60 of outlet wash and broad flat land separating the two 
residential areas 

Stop 7: Principal outlet structure outlet channel 
Photos taken of principal outlet channel facing conduit walls 

Page 2 



McMicken Project 
Outlet Channel & Outlet Wash Slte Reconnaissance Report 
Wittrnann Area Drainage Master Plan 
Contract FCD 2004CCSO 
Maricopa Countv, Arizona 
A M E C P ~ O ~ ~ C ~  Nb. 6-1 17-001025 
July 27. 2006 

Photo 1 

Principal outlet structure wall - right side, upstream. Principal outlet structure wall - left side, upstream. 

Principal outlet structure outlet channel - looking Principal outlet structure energey dissapation structure 
lownstream. - looking downstream. 



McMicken Project 
Outlet Channel & Outlet Wash Stte Reconna~ssance Report 
Wittmann Area Dratnage Master Plan 
Contract FCD 2004C060 
Maricopa County, Ar~zona 
AMEC Project No. 6-1 17-001025 
July 27, 2006 

. . . - . - - 
Principal outlet structure wall - left side, downstream. Principal outlet structure wall - right side, downstream. 

Photo 7 Photo 8 
O&M access road just east of Atchison & Santa Fe Overview of U.S. Highway 60 crossing of outlet 
railroad trestle crossing of outlet channel -looking channel - looking downstream. 

I 

downstream. 
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McMicken Project 
Outlet Channel &Outlet Wash Slte Reconnaissance Report 
Wittmann Area Drainage Master Plan 
Contract FCD 2004C060 
Maricopa County, Ar~zona 
AMEC Project No. 6-1 17-001025 
July 27, 20C- 

Photo 11 
Recent O&M repair activities on levee slopes. 

. .- 
I-: 

i*,r p .:,. 'rr . . 

Photo 12 
Typical dip and rutting activity on levee crest at 
approximately outlet channel Station 253t00. 



McMicken Project 
Outlet Channel & Outlet Wash Slte Reconnaissance Report 
Wlttmann Area Dralnage Master Plan 
Contract FCD 2004C060 
Mar~copa County, Arizona 
AMEC Project No. 6-1 17-001 025 
July 27, 2006 

. ..-." .a 
Typical dip and rutting activity on levee crest at 
---roximately outlet channel Station 253+00. 

Typical rutting activity on levee crest at approximately 
outlet channel Station 297+50. 

Confluence of outlet channel and outlet wash -outlet Confluence of outlet channel and outlet wash -outlet 
wash flow is left to right, photo looking east. channel flow is towards camera position, photo looking 

west, upstream into outlet channel. 

Page 6 



McMicken Project 
Outlet Channel & Outlet Wash Site Reconnaissance Report 
Wittmann Area Drainage Master Plan 
Contract FCD 2004CC80 
Mar~copa County, Arizona 
AMEC Project No. 6-1 17-001 025 
July 27, 2006 

U.S. Highway 60 crossing of outlet wash. U.S. ~ i h w a y  60 crossing of autlet wash -photo I 

looking southerly, downstream. 
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McMicken Project 
Outlet Channel &Outlet Wash Site Reconnaissance Report 
Wittmann Area Drainage Master Plan 
Contract FCD 2004C060 
Maricopa County, Ar~zona 

1 
AMEC Project No. 6-1 17-001025 
July 27, 2006 

Overview of principal outlet structure - photo from 
downstream side of dam, looking upstream. 

Page 8 





Memo 

To File 

From Brett A. Howey, P.E. 

Tel 480-940-2320 ext. 11 6 

Fax 480-785-0970 

Date April 24, 2007 

File no 6-117-001025 

CC 

Subject McMicken Dam Project 
Outlet Wash Site Reconnaissance Report 
Wittmann Area Drainage Master Plan 
Contract FCD 2004C060 
Maricopa County, Arizona 

Reconnaissance of the lower McMicken Outlet Wash consisted of a walk~ng and driving 
inspection along the outlet channel alignment south of the SR L303 roadway crossing. Stops 
were made in areas of interest and digital photographs were taken of observed and relevant 
features. Site observations were discussed with District staff for collection of additional 
information, both institutional knowledge and published documentation. 

Four (4) significant structures were identified during the reconnaissances which are discussed 
below including the information gathered from the District. 

SR L303 Crossing 
Previously visited by AMEC in July 2006, this roadway crossing consists of an 11-bay box 
culvert. AMEC understands this structure was built by Maricopa County Department of 
Transportation (MCDOT) and is maintained by the Arizona Department of Transportation 
(ADOT). The project was permitted through the District's Right-of-way permitting process and 
as-builts are on file with the District. 

Williams Drive Crossing 
This roadway crossing consists of an I I-bay box culvert. AMEC understands this structure was 
built by MCDOT and designed to pass the 100-year storm event as well as not fail if overtopped 
during the McMicken Standard Project Flood (SPF) discharge. The project was permitted 
through the District's Right-of-way permitting process and as-builts are on file with the District. 
The structure is maintained by MCDOT and also includes a 12-inch waterline on Williams Drive 
and a 16-inch waterline on Pinnacle Peak Road. 

AMEC Earth 8 Environmental, Inc 
1405 West Auto Drive 
Tempe, Anzona 85284-1016 
Tel +I (480) 940-2320 
Fax +I (480) 7850970 
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El Mirage Drain 
This structure consists of a 500 foot long. 4-inch thick reinforced concrete lined drop structure. 
The drop structure has a shallow lower level plunge pool for energy dissipation and a v-shaped 
low flow channel. The concrete was observed as deteriorating with signs of several historic 
maintenance repairs. AMEC understands the structure was built as part of the Sun City West 
development and construction of the El Mirage Drain. The structures are positioned on District 
property controlled by fee or easement. As-builts and/or engineering records are not available. 

Sun City Drain 
This structure consists of a >bay box culvert and deteriorated energy dissipation structure. 
AMEC understands this structure was built as part of the Sun City West development and 
construction of the Sun Clty Drain. There also is a section of the outlet channel which has been 
lined with concrete for erosion protection and bank stabilization. The District maintains these 
structures. As-builts and/or engineering records were not ava~lable. 
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Aerlall: 6R L303 crossing over MCMidcen Outlet Wash 

Aerial 2: Williams Drive crossing over McMicken Outlet Wash 
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Aerlal 3: Concrete lined drop structure within McMicken Outlet Wash paralleling El Mirage Road. 

Aerlal 4: Sun City West Drain (photo top left) and its confluence with the McMicken Outlet Wash. Also shown is 
concrete channel lining erosion protection. 
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Eleven bay box culvert at Williams Drive - photo looking Channel upstream of 11 bay box culverts - photo looking 
southwest. upstream (north) from center bay. 

. .."." " 
Defined outlet wash channel that parallels El Mirage 
Road. 

Overview of concrete lined drop structure - photo looking 
downstream (~0~1th) from crest of structdre. 

Page 5 



McMicken Dam Project 
Outlet Wash Site Reconnaissance Report 
Wittmann Area Drainage Master Plan 
Contract FCD 2004C060 
Maricopa County, Arizona 
AMEC Job No. 6-117-001025 
Apfil24,2007 

Typical deterioration of drop structure concrete lining. Overview of concrete lined drop structure - photo looking 
upstream (no~th) from downstream invert of structure. 

Confluence of drop structure and downstream natural Outlet channel downstream of drop structure - photo 
channel - photo looking upstream (north). looking downstream (south). 
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1 Crry l 
king upstream (north). )west. 

L - - 

Photo 11 
Three bay box culvert which outlets Sun City Drain from Overview of confidence of Sun City Drain and outlet 
beneath El Mirage Road - photo look~ng west. wash -photo looking southwest. 
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- Photo 13 

Photo of outlet wash looking directly downstream frwn Overview of concrete bank protection - photo looking 
Sun City Drain confluence. In photo background is the east towards confluence with Aaua Fria River. 
section of the wash banks amlored with concrete for 
erosion protection -photo looking downstream (south) 

Page 8 



APPENDIX F - JE FULLER EROSION AND SEDIMENTATION REPORT 



WITTMANR' AREA DRAINAGE 
MASTER PLAh 

McMicken Dam Outlet 
Channel Erosion and 

Sedimentation Analysis 

VOLUME GA 

Contract FCI) 2004C060 

July 2009 

Prepared 11y: JE filler Histlrology & G r o n z o r l o l o ,  rnr 

IE FULLER 
tlYDRCXCNY U 6tOMORMlOi3GY. IN(. . ~~~~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ . ~ .  ~ .~~ ~ ~ ~ ................... ~ . ~ .  ~~~~ ~ 

8400 South Kyrene Roati, Snifr~ 201 

?i.lnpe, AAZ 85284 

P h o ~ ~ e :  (480) 752-2124 

Fax: (480) 839-219.3 

Etilellz~s, Inc. 

In associalion n.iili 



WITTMANK AREA DRAINAGE MASTER PLAN h 
CONTRACT FCD 2004C060 

MCMICKEN DAM OUTLET CHANNEL EROSION 

AND SEDIMENTATION ANA1,YSIS 

VO1,UME GA 

TABLE OF CONTERTS 

SECTION GA-1: IR'TRODUCTION .................................................................................................. 1-1 

1.1 STUDY LOCATION ............................................................................................................. 1-1 

1.2 SCOPE OF SERVICES ......................................................................................................... 1-1 

1.3 S'I'UDY REACH DESCRIPTION ........................................................................................ 1-2 

1.4 BACKGROUND .................................................................................................................... 1-2 

SECTION GA-2: HYDROLOGY ....................................................................................................... 2-1 

SECTlON GA-3: HYDRAULIC MODEL ......................................................................................... 3-1 

3.1 EFFECTIVE FIS MODEL ................................................................................................... 3-1 

3.2 EAP MODEL ......................................................................................................................... 3-1 

3.3 BAKER MODEL ................................................................................................................... 3-1 

SECT10X GA-4: F,ROSIOX/SEDIMENTATION ANALYSIS ....................................................... 4-1 

4.1 FIELD RECONNAISSANCE ............................................................................................... 4-1 

.................................................................. 4.2 LONGITUDINAL PROFILE COIMPARISON 4-1 

.................................................................................. 4.3 BANK LOCATION COMPARISON 4-2 

.......................................................................................... 4.4 MAINTENANCE ACTIVITIES 4-3 

.............................................................................................. 4.5 GEOTECHNICAL TESTING 4-3 

4.6 MEYER-PETER, MULLER EQUILIBRIUM SLOPE ..................................................... 4-5 

............................................................... 4.7 DYNAMIC EQUILIBRIILJM SLOPE .METHOD 4-7 

SECTION GA-5: SILJBSIDENCE ........................................................................................................ 5-1 

SECTION GA-6: CONCLUSIONS ..................................................................................................... 6-1 

SECTION GA-7: REFERENCES ....................................................................................................... 7-1 



APPENDIX A. EQUILIBRIULM SLOPE CALCULATIONS ...................................................... I\-1 

................ A.1. MEYER-PETER, MULLEK EQUILIBRIU31 SLOPE CALCULATIONS A-2 

A.2. ADWR I985 DYNAMIC EQUlI,lBRJUM SLOPE CALCULATIONS ....................... A-3 

LIST OF TABLES 

Table GA-2.A 

Table GA-2.B 

Table GA-3.3.A 

Table GA-3.3.B 

Tablc GA-4.3 

Table GA-4.5 

Table GA-4.6 

Table GA-4 7 

LIST OF FlGURES 

Figure GA-1.1 

Figure GA-1.3.A 

Figure GA-1.3.B 

Figure CIA-1.3.C 

Figure GA-1.3.D 

Figure GA-2 

Figure GA-3.3.A 

Figure GA-3.3.R 

Figure GA-3.3.C 

Figure GA-4.2.4 

Figure GA-4.2.B 

Figure GA-4.5.4 

Figure GA-4.5.R 

.\,Ai< "\"*-;. .- 
-- I IE FULLER Q1 ..,:,-. - ;.- ,: 5:; :#d> j : r ( i  ;;<,\ ; 

Peak Discharge Estimate Summary 

Su~nmary of Recorded Flow Events in the McMickcn 

Outlet Channel 

Model River Station Revisions 

Hydraulic Model Sunlrnary Output (averaged by reach) 

for the 10-Year Discharge Event 

Historical Aerial Photography 

Percent Finer Particle Sires by Rcach 

Meyer-Peter, Muller Equilibrium Slope Analysis Results 

Dynamic Equilibrium Slope Analysis Results 

Locat1011 of Study Reach 

McMiclten Outlet Channel at Principal Spillway 

McMicken Outlet C~hannel at Granti Avenue Bridges 

Outlet Chanel at ATSF Railroad Bridge 

Typical Tributary to McMicken Outlet Channel with 

Grouted Rock Spillway 

Hydrology Schcrnatic and ALERT Gages 

10-Year Channel Velocity 

10-Year Maxirnurn Channel Depth 

10-Year Top \Vidth 

McMicken Outlet Channel Profile Cornpar~son 

McMicken Outlet Wash Profile Comparison 

McMicken Outlet Channel Grain Size Distribution 

McMicken Outlct Wash Grain Size 

Distribution 



Figure GA-4.5.C Geotechnical Exploration Locations 

Figure GA-4.6 ErosionISeditnentation Analysis Reach Schematic 

F i g r e  GA-5 McMicken Outlet Channel Profile Comparison with 

Subsidence Estimates added to profile elevations 

LIST OF PLA'TES 

Plate GA-3.3 H E C - U S  Cross Section Layout 



JE Fuller1 Hydrology 6( Geomorphology, lnc. (JEF) conducted an erosion and sedimentation 
analysis on [he McMieken Dam Outlet Cl~annel as part of tllc Withnan Area Drainage Master Plan 
(Wittman ADMP). Thc purpose for this analysis is to establish the existing conditions o l  the 
McMicken Dan1 Outlet Channel and Wash and to identify and evaluatc historical changes to the 
system. This report oullines the ~nctllodologies used lor the analysis and summarizes the findings. 

1 . 1  STUDY LOCA'I'ION 

The McMickcn Dan1 Outlet Channel and the McMicken Dam Outlct Channel Wash, herein 
refcn-cd to as the McMicken Outlet Channel and :McMicken Outlet Wash, are located in western 
Maricopa County, Arizona north of the Town of Surprise along a portion of the Loop 303 bend 
as shown in Figure GA-I. 1 .  The study reach is approximately I0 miles long, and begins at (he 
McMickcn Dam outlet works and ends at the confluence with t11c Agua Fria River. 

1.2 SCOPE OF SERVICES 

The ~ ~ ~ e t l ~ o d o l o g y  to be used for the erosion and sedimentation analysis of the McMicken Dam 
McMiclten Outlet Channel and McMicken Outlet Wash is defined in the ADMP Scope of 
Services Task 2.8.2 as follows: 

Tbc CONSULTANT shall evaluatc thc McMicken Outlet Channel potential for 
sediment build up or erosion. The evaluation will be based on hydraulic and hydrologic 
data provided by thc DlSTRlCT (or prepared separately for other authorized ADMPU 
tasks, i.c., no new hydraulic or hydrologic data will be prepared by the COXSULTAN'S 
undcr this task). 'I'he evaluation will consider the lirniting stable slope by using Meyer- 
Peter and Muller beginning transport equation documented in "Computing Degradation 
and 1.ocal Scour" by Bureau of Reclamation, 1984. 'I'he evaluation will also consider 
the dynamic equilibrium slopc by using the iterative method documented in "Design 
Manual for Engineering Analysis of Fluvial Systems" by ADWR, 1985. The evaluation 
will also consider field observation, comparison of readily available historical and recent 
topographic mapping. flowlflood history, and lneasurelnent of channel change using a 
historical and recent acrial photograph. 

Each element ol the Scope of Scwices is described in the following seetions: 

2.0 Hydrology 
* 3.0 FIydraulic Model 

4.0 ErosionISedimentation Analysis 
5.0 Subsidcnce 
6.0 Conclusions 
7.0 References 
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1.3 STUDY REACH DESCRIPTIOIV 

The Outlet Channel is an excavated trapezoidal channel for most of the length beginning at the 
principal spillway of the 'im as shown in Figure GA-1.3.A. The width of the excavated 
channel bottom ranges from 45 fcet near the dam spillway to nlore than 90 feet in the lower 
reach of the cxcavated channel. The channel's right bank is a constructed embankment or Icvee 
which extends up to 13 feet above the natural grade in some locations. The side slope of the 
channel and the levee is approximately 2 feet horizontal to 1 foot vei-tical. The channel is 
regularly maintained by the Flood Control District of Maricopa County (District) and therefore 
has little vegetation along the channel bottom and right embankment. In some places, the left 
bank is vegetated by Mesquite, native shrubs: and grasses. 

Major structures over the Outlet Channel include the northbound and southbound lanes of 
Grand Avenue (SR 60) that bridge the channel; as shown in Figure GA-1.3.B. The Burlington 
Noi-thern and Santa Fe (BNSF) railroad also bridges the Outlet Channel northeast of Grand 
Avenue, as shown in Figure GA-1.3.C. Numerous washes enter thc channel from the northwest, 
some of which have been hardened with grouted river rock spillways, as shown in Figure GA- 
1.3.D. 

The McMicken Outlet Channel drains into the McMicken Outlet Wash, which then flows south 
where it joins the Agua Fria River. The McMicken Outlet Wash is named the CAP I6 East 
upstream of the confluence according to the FEMA FlRM panel. The McMickcn Outlet Wash 
is a natural sand-bedded ephemeral wash from the McMicken Outlet Channel confluence to 
Deer Valley Road, and has a bottom width ranging from a 20 to 40 feet. The McMicken Outlet 
Wash has a bridge crossing at SR Loop 303 and an I I-barrel box culvert crossing at the newly 
constructed Williams Road downstream of SR Loop 303. The McMiclten Outlet Wash was 
channelized from Deer Valley Road to the Agma Fria River during construction of the Sun City 
West development and as part of the El Mirage Drain project. 

The channelized portion of the  McMicken Outlet Wash is trapezoidal with a bottom width of 
approximately 180 feet and 3 feet horizontal to 1 foot vertical side slopes. A large concrete 
drop structure exists within the McMiclten Outlet Wash approximately 3,000 feet downstream 
of Deer Valley Road and facilitates a drop in the channel bed of almost 25 feet. The El Mirage 
Drain enters the McMicken Outlet Wash approximately 3,500 feet upstream of the confluence 
with the Agma Fria River. The McMiclten Outlet Wash enters the Agua Fria River at an un- 
altered (natural) confluence between the Beardsley and Union Hills Road alignments. 

1.4 BACKGROUND 

The Outlet Channel was constructed as part of the Trilby Wash Detention Basin Dam in 1956 
by the Unites States Alniy Corps of Engineers (IJSACE), which was later named the McMicken 
Dam. The dam and McMiclten Outlet Channel are culrently maintained by the District. The 
iMcMickcn Outlet Channel levee was restored to the original design elevation by plating the 
crest with aggregate hase material in 2003. 

The McMiclten Outlet Wash has been modified as listed below: 



0 1956 - Addition of previously non-lributary watersheds diverted via the McMicken 
Outlet Channel 

* 1978-1979 - Channelization froill Deer Valley Road to approximately 1800 feet 
upstream of the Agua Fria River as part of the Sun City West development 
Diversion of the El Miragc drain that is now conveyed to the McMiclten Outlet Wash. 
2002 -- Construction of SR 1 . 0 0 ~  303 Bridge over McMiclien Outlet Wash 
2005-2006 -Construction of Williains Drive box culverts over McMiclcen Outlet Wash 

Two other modifications that affect the hydrology and scdiment transport characteristics of the 
McMicken Outlet Channel and Wash include the constructio~l of the Cenlral Arizona Project 
(CAP) canal in the 1980s and the Bcardsley Canal in the 1920s. Both canals are aligned 
predominantly east-west creating a division of the contributing watershed. Some of the 
trihutaries are completely cutoff while others pass through one or both of ihe canals via over 
chutes or siphons. Some alteration of the natui-a1 hydrology and sediment supply occurs at the 
CAP and the Beardsley Canal crossings that may impact sedimentation and erosion in the 
McMicken Outlet Channel and Wash. 

IE FULLER 
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SECTION GA-2:HYDROLOGY 

JEF obtained hydrologic data from the TWtman Area Drainage Master Study Update (ADMSU) 
Hydrology Addendum (Reference 1). The hydrologic analysis performed for the ADMSU included 
existing and hture condilions .for the 100-Year return interval for a 6- and 24-hour storm duration. 
Figure GA-2 shows the HEC-1 hydrologic model sub-basins and concentration points along the 
McMicken Outlet Channcl and wash. 

JEF computed peak discharge rates for the 2- and 10-year recurrence intel-val events for use in the 
erosioldsedilnent analyses using the 10% and 35% ratios outlined in the District's Draft Drainage 
Design Manual (Reference 2), respectively. The discharges used are summarized in ?'able GA-2.A. 

The District maintains two strcanl flow gages along thc McMicken Outlet Channel. The first is 
located at the outlet works (Gage 5448); the second is located near Grand Avenue and 163rd 
Avenue (Gage 5438), as shown in Figure GA-2. Gage 5448 has been in operation since Febnrary 
1988. Gage 5438 has been in operation since May 1992. Table GA-2.B lists the recorded peak 
flow rates and flow duration for the events since ihe beginning of the gage data. The data available 
for Gage ID 5448 is suspect between June 1997 through May 2006 due to the mis-location of the 
pressurc transducer in the stilling well. Furthermore, a new raling curve was introduced at some 
point in the early 1990s introducing a possible inconsistency with the data reported. Thercforc, the 
discharge data reported in Table GA-2.B depicts data takcn from Gage 5438 since the beginning of 
its operation. Data prior to May 1992 was talcen from Cage 5448. All data were obtained or 
conlputed from reports on the Dislrict's ALERT website (Kcference 3). 

The highest recorded discharge from the dam is 658 cfs on September 4th, 1990. This discharge is 
estimated lo be less than a 5-year recurrence interval. Therefore; the McMiclcen Outlet Channel has 
not experienced anything close to a design event since gaging began in 1988. JEF is unaware of 
any large outflows prior to 1988. 



SECTION CA-3:IIYDRAULIC MODEL 

JEF obtained three hydraulic models for thc McMiclten Outlet Channel and Wash for use in this 
analysis. The three models were brought together in one cornprehensivc model that covers the 
entire drainage path fro111 the McMickcn Dam outlet \yo]-ks to thc Agua Fria River. Each model is 
discussed separately below. 

3.1 EFFECTIVE FIS MODEL 

Thc effective Flood Insurance Study (FlS) inodel was obtained from the District for the 
McMicken Outlet Wash and covers a portiorl of thc McMiclten Outlet Channel approxinlately 
3,200 feet upstream of the confluence. This rnodel is in HEC-2 format and was devclopcd using 
1986 vintage 2-foot contour interval mappin2 bascd on the National Geodetic Vertical Datum of 
1929 (NGVD 29). This model was dcvcloped by the WLB Group, Inc (Reference 4). The 
effective model was dcvcloped after the construction of the McMiclten O ~ ~ t l c t  Wash channel 
irnproveinents extending from Deer Valley Road to approximately 2,800 fcct upstream of the 
confluence with the Agua Fria River. The effective floodplain for remainder of the McMicken 
Outlet Channel is Zone A. Thcrcforc, there is no effcctivc PIS hydraulic inodel for rest of the 
channel upstrean1 to the dani. 

3.2 EAP MODEL 

Kimley-Horn and Associates, Inc. developed a HIX-RAS model for most of the McMicken 
Outlet Channel fur an Emergency Action Plan Update in June 2004 (Kefcrcnce 5). This inodel 
extends frorn the downstream end of the McMicken Outlet Channcl just upstream of the 
McMicken Outlet Wash conflucnce to a point approximately 600 feet downstream of Grand 
Avenue. The geometry for this model was devcloped using cross section data field surveyed in 
March 2004. Supplemental geornetry was taken from USGS Quadrangle maps to extend the 
lcft overbank far enough to contain the water surface profile. Thc surveyed cross sections wcrc 
based on the North Anlerican Vertical Datum of 1988 (NAVD 88). USGS cross section data 
wcrc converted to NAVD 88 by adding 1.936 feet to the NGVD 29 elevations. 

3.3 BAKER MODEL 

Michacl Baker, Jr., IIIC. developed a HEC-RAS model for the McMicken Outlet Channel for an 
overtopping analysis done in June 2003 (Reference 6). This model extends from the dam outlet 
works to approximately 2,500 feet downstream of Grand Avenue. The geornetry for this modcl 
was devclopcd using cross section data field surveyed by the District in  April 2003 and 2-foot 
contour interval n~apping floivn on June 9, 2000. Both data sources werc based on the NAVD 
88 datum. 

The three modcls were combined to develop one hydraulic model in I-IEC-RAS Version 3.1.3 
by adding thc geometry data from the Effectivc FIS model and the I'AP model to the Baker 
model. The geometry for the Effective FIS Model was converted to NAVD 88 using the 
conversion sited in Kirnlcy Horn Emergency Action Plan Update (NAVD 88 Elev. - NGVII 29 



Elev. i- 1.94). The cross section data from the niost recent study were used in arcas of o\:erlap 
and reach lengths were adjusted accordingly. 'The river stationing was left as in the original 
model with one exception. The seven most downstrcam Raker modcl cross sec~ions were 
renamed to allow a continuous descending numbering scheme when merged with the EAP 
model as shown in Table GA-3.3.A. The cross section layout for the model is shown in Exhibit 
GA-3.3 in the Appendix. 

The model was 11111 using the 2-, 10-, and 100-year discharges listed in Section 2.0. Summary 
10-year hydraulic 1110d~1 011tput is listed in 'T;~blc C;A-3.3.B. 'I'he 10-year velocity, max in~un~  
channel depth, and top widtll along the McMicken Outlet Channel and Wash are profiled in 
Figures (3.4-3.3.A. <;A-3.3.H. anti (;A-3.3.C respectivcly. l 'he 10-ycar discharge is often used 
as an approximatioi~ of the dominant discharge or b~inkfiill discharge and is olien used for 
sediment transport or equililxium slope analyses. 

It can be seen that velocities in the McMicken Outlet Channel are very low in the range of 2 to 3 
feet per second (fps). 'The corresponding energy grade slope is \:cry gradual with a low average 
Froudc number over the McMicken Outlet Channel reaches. The \:eloci~ies pick up to the 4 to 8 
fps range in the McMickcn Outlet Wash with a much steeper energy grade slope and higher 
Froude number. 'These general hydraulic conditions are expected given the nature of the 
gradually sloped McMicken Outlet Channel with only 22 feet of 1811 over nearly 6 ~niles of the 
channel. The higher velocities in the McMiclcen Outlet Wash are expccted given the steeper 
slope of the natural watercourse. 



SECTION GA-4:EROSIONlSEDIMENTATION ANALYSIS 

JEF performed several tasks to evaluate the sedimentation processes occurring within the 
McMicken Outlet Channel and Wash. 

4.1 FIELD RECONYAISSANCE 

Field reconnaissance was conducted along the study reach on March 27_ 2007, to idcntify 
existing conditions wlthin the McM~ckcn Outlet Channel and Wash. No s~gnificant evidence of 
aggradation or degradation was obscrved within the McMickeil Outlet Channcl. Thc McMiclten 
Outlet Wash appears to have cxpcricnccd net degradation, particularly in the channelized reach. 

4.2 LOYGI'TUDIYAL PROFILE TOMPARISON 

The Comparison of historical profiles with modern profiles can be used to document where 
degradation and aggradat~on have occurred, and wherc future adjust~neuts of channel geomet~y 
are most likely to occur. 

A longitudinal profile of the McMicken Outlet Channel and Wash were plotted to compare the 
channel elcvation versus distancc along the channel bed over time. A review of the profile was 
used to identify slope irregularities, over-steepened or flat reaches, headcuis, areas of natural 
grade control, and historical changes in bed elevation. Fullhermore, the review of the 
longitudinal profile was conducted to dctennine indicalions of the vertical or lateral stability of 
the McMicken Outlet Channel and Wash. 

F iyrcs  (3.4-1.2.A and GA-4.2.B she\+ the results of the longitudinal profile analysis 
comparison for the following data sets: 

1951 McMicken Dam and McMiclten Outlet Channel As-Conshucted plans (Kefercnce 
7') 
1986 Effective FIS Model (developed using 2' contour interval mapping) and 4' contour 
interval mapping 

a 2004 EAP HEC-RAS Model (developed using FCDMC surveyed cross sections) 
a 2000 and 2003 Baker HEC-RtS Mode1 (developed using FCDMC surveyed cross 

sections and 2' contour interval mapping) 

'The 1954 and 1986 data sets were on the NGVD 29 datum and were adjusted to N\VD 88 as 
discussed in Section 3.1. 'Tributary confluences with the McMicken Outlct Channcl and Wash 
are also pIotted in Figures GA-4.2.A and GA-4.2.H. thc naming of which are associated wirh the 
IIEC-1 operations discussed in Section 2.0. 

Givcn the very gradual slopes of the McMicken Outlet Chailnel (0.000185 to 0.001 fect.'feet), it 
is expected that the channel would tend to experience net deposition (aggradation). Although 



the 1986 profile is higher than the original channel profile for the upstream half of thc 
McMiclten Outlel Channel, the downstream half is lower by allnost a foot. The latest profile 
data from 2000 and later depicts general lowering throughout thc entire channel fro111 
approximately 0.25 feet in the upstream reach to over 2 feet in tlie downstream reach near the 
confluence with the McMicken Outlet Wash. 

It can be seen that the c u ~ ~ e n t  (2000 and later) channel slope is disrupted at nearly every 
tributary inflow point for the most recent channel profiles. This is indicative of sediment 
deposits at the conflue~lces as tloodwaters from the steeper tributaries enter the ~vider and 
gradually sloped channel causing a velocity decrease and deposition. Sediment deposition is 
only visible at the confluence with tributary reaches PI635 and RWI621 in the 1986 data set, but 
is much more apparent than the current profile. 

The McMicken Outlct Wash profile has also lowered according to the 1986 and I954 profiles. 
Some sections indicate a lowering of as 111ucll as 6 feet. A comparison to the current condition 
was not made as no current detailed topographic data were available for this study. The 
McMiclten Outlet Wash has an average slope of approximately 0.005 feetlfeet, not necessarily 
steep for natural washes in the southwest. but much steeper than the McMicken Outlet ~ h a n n e i .  
Therefore: the observed degradation could be attributed to increased flow volume getting to ihe 
channel as discussed in Section 1.4, a reduction in sediment supply caused by deposition 
upstream of the Beardsley Canal and the CAP, as well as deposition at the tributary confluences 
with the McMiclten Outlet Channel. 

4.3 BANK LOCATION COMPARISON 

JEF obtained historical aerial photography taken in 1949; 1967, and 1980 to compare ~vith the 
current orthophotography for tlie study reach. The aerial photographs used for this con~parison 
are summarized in Table GA-4.3. 

The historical aerial photographs from each year of available coverage were digitized and semi- 
rectified to match the current orthophotography for the study area. The bank positions were 
thcn digitized for each year of coverage as shown in Figures GA-4.3.A and GA-4.3.R. The 
bank loca~ions for the McMicken Outlet Channel were not included in this comparison because 
the channel is man made, is regularly maintained. and is believed to have experienced only a 
few moderate discharges events since it was constructed as discussed in Section 2.0. 

Two locations were identified where significant lateral channel change has occurred. The first 
location is about 1,500 feet downstream of the SR Loop 303 crossing as shown in Figure GA- 
4.3.A. Bank retreal occurred on the outside bend as the iMcMicken Outlct Wash bends left 
(east). Further widening was observed just downstream of the second bend right (south). The 
mean widening of this reach from 1949 to present is approxin~ately 40 feet with a ~nav i~num 
widening of 90 in the first bend. 

The second location occurs about 1.500 feet upstream of the SR Loop 303. as sho~vn in Figure 
GA-4.3.B. The widening has formed a flow split and multiple flow paths through an elevated 
portion of the channel. 'The maxin~um widening of this reach froin 1949 to present is 
approximately 60 feet. 



As stated previously, the McMiclten Outlet Wash was channelized in 1978-1979 and 
straightened as can be seen by the bank locations in Figure GA-4.3.B. The constructed channel 
is inuc11 wider than the previous channel and was likely designed to fully contain the floodplain 
andlor design outflows from McMicken Dam. The elimination of thc large bend previously 
aligned in the Sun City West development was likely one of the main reasons that a drop 
structure was required within the straightened channel to make up the elevation gradient in thc 
historic alignment. 

Thc location of the low flow channcl of the McMiclten Outlet Wash as it entcrs the A s l a  Fria 
River has changed significantly over time. This changc is apparent even between the 1949 and 
I967 aerial photographs and is more than liltely a natural process since the reach is essentially a 
delta that is afti-cted by a change in gradient as the McMicken Outlet Was11 enters the Agua Fria 
River. C h a n ~ e s  in the flow and chai~nel configuration in the Agua Fria River also have an 
affect on the confluence. 

Stereo pair aerial photography was available for the 1949 and 1980 data sets and were ceviewed 
using an optical stereo scope. A somewhat recent channel incision was observed along the 
McMiclten Outlet Wash indicating that some level of degradation had uccurrcd prior to the 
constiuction of the McMickcn Outlet Channel. A relic low flow channel was obse~ved in (he 
low floodplain in onc location indicating cr previous avulsion. The maturity of trees and shrubs 
along the 1949 channel banks indicates the avulsion must have occurred prior to 1949. 

4.4 MAINTENANCE ACTIVITIES 

The District performs regular inspections and maintenance of the McMicken Outlet Channcl 
and Icvee. Rezular maintenance of the lcvee primarily consists of grading and plating the levee 
crest to maintain the all-weather access road. Regular main~enance within the channel consists 
of diskjng the channel to prevent the growth of trees and shrubs. 

According to District Operations and Maintenance (O&Mj personnel (Reference 8); the 
rcmoval of sediment deposited in the channcl at the outlet works has bccn required on occasion 
and has been ~lsed for minor repairs to the north bank of the McMicken Outlet Channel between 
the outlet works to Grand Avenue. Repairs of rills from crosion on the south slope of the lcvse 
arc regularly performed. A one inile scgmcnt of the McMicken Outlet Channel from Grand 
Avenue east is subject to regular gopher damage. In addition, the flanking of several concrete 
spillways has been attributed to gopher bun.ows. according to O&M personnel. 

4.5 CEOTECtlNICAL TESTING 

Thc g a i n  size distribution for the bed, bars, or lower banks of the McMickcn Outlet Channel 
and Wash are required to pcrfom the erosionisedimentativn analysis for the study reach. JEF 
obtained thc results of soil sampling and sieve analyses for the McMicken Outlet Channel and 
Wash from three sources as described below: 

1. AMEC 2007: Nurnerous geotechnical cxplorations along the dam and McMicken Outlet 
Chnnncl (Reference 9) 



2. Western Technologies 2006: 4 geotechnical borings in the McMiclten Outlet Wash at 
the proposed North El ,Mirage Road Bridge (Reference 10) 

3. Wcstci~l Technologies 2007: 5 geotechnical borings in the McMiclten Outlet Wash at 
thc proposed South El Mirage Road Bridge (Reference 1 I) 

The A-MEC explorations consisted of a comprehensive set of borings and test pits along the bed; 
levee, and the so~~thern  toe of thc levcc of the McMjclcen Outlet Chaiulel. Sieve analyses \\:ere 
perfom~ed on soil samplcs for each boring near tlic surfacc and fi~rious depths below. Sicvc 
analyses were also performed on test pit samplcs that wcre generally taken somewhcrc between 
0 and 5 feet deep. .IEF compiled the shallow sieve analyses within the channel bed to identiiy 
trends, clusters, and identify outlier samples to be excluded. This evaluation resulted in two 
noticeably different grain size distribution clusters within the McMicken Outlet C:hannel; as can 
be seen in Figure GA-4.5.A. The individual grain size distributions were averaged for the two 
reaches For use in the analysis. The upper and lower channel distributions are divided at the 
tributary RP1621 confluence, where the cha~mcl slope increases. 

The Western Technologies explorations were perfonned for the planned bridges for thc El 
Mirage Road re-alignment along thc east side of the McMicken Outlet Wash. The explorations 
consisted of a borings within the McMiclten Outlet Wash bed and overbanits. Sieve analyses 
were perfonncd on soil samples for each boring near the surface and various depths bclow. The 
shallow sieve analyses for the bed samples for hot11 the proposed nortl~ and south bridges all had 
very similar grain sized distributions. Therefore individual grain size distributions wcre 
averaged and will be used to represent the bed matcrial for the entire McMiclten Outlet Wash as 
shown in Figure GA-4.S.B. Figure GA-4.5.C shows the location of the individual exploration 
sites used for the erosion/sedimentation analysis. 

JEF also rcviewed the Satural Resources Coilservation Service (NRCS) soil groups of the 
McMicken Outlet Channel, Wash, and tributaries. The predominant soils include: 

Mohall-Tremai~t (MTB) 
Estrella (Es) 
Mohall-1,avecn (MV) 
Gilman-Antho (GM) 
Vecont (Ve) 
A~ltho-Carrizo (AGB) 

The Soil Survey for the area (Reference 12) reports a sieve analysis for representative soil 
samples of each soil group limited to a number 4, 10; 40, and 200 sieve. The grain size 
distribution for the soil groups applicable to the McMicken Outlet Channel and Wash are 
plotted on Figures GA-4.5.A and GA-4.5.B. These distributions are much finer than the sitc 
specific explorations performed by AMEC and Western Technologies and likely represent soils 
transported as suspended load in the McMicken Outlet Channel and Wash. Thercfore. nonc of 
the NRCS grain size distributions were used for this study. 



The three average sediment distributions for the Mchliclten Outlet Channel and Wash were used 
to determine D~sc,, Dm. D84 1 ,  D ~ o .  DSO and Dso are required for use in the Meyer-Peter, Mullcr 
stable slope co~nputation and I ) I S ~ ,  DSO. and Dit4 are required for the dynamic equilibrium 
slope computations. 'The average grain s i x  distribution in the upper McMiclten Outlet Channel 
is the finest sediment of the three reaches with over 40 perccnt of the sediment passing the 
smallest sleve, number 200 with an opening of 0.074 millimeters (mm). The distribution was 
extrapolated using an "S" shaped curve to cstimate D1S,9 as shown in Fisure GA-4.5.A. 

Table GA-4.5 su~nmarizes the percent finer particle sizes for each average sediment grain size 
dlstrihution. 

4.6 MEYER-PE'I'EK, MIJLLER EQUILIBRIU>l SI,OPE 

Equilibrium slope is deiined as the slope at which the channel bed is neither aggrading or 
degrading and at which the sediment inflow equals the sediment outflow. It could be 
interpreted as the slope the channel would evolve into, provided continuous flows for a long 
period of time, and provides an idea as to what the long-te~m channel slope could become. 111 
other words. over time, the natural trend is for the channel to transform its slope from the 
existing towards the equilibrium slope as a response to flow events. 

The Meyer-l'eter Muller (MPM) equation is published in a Bureau of Reclanlation manual 
(Reference 14) for computing scour and channel degradation downstrea~n of dams or other 
structures that inte~l-upt the natural sediment supply to the downstream channel. The MPM 
equation is commonly uscd by the District for equilibrium slope analyses and was requircd for 
this study. 'The MPM is a zero bed sediment discharge (clear water) equation and represents the 
minimum slope that would occur if the sediment supply was eliminated from a watercourse. 

'The MPM equation is based on the incipient motion theory; or the point of initiation of 
sediment transport, for zero sediment inflow. 

Where: SL = Stable slope (ftift) 

K,,,,, = 0.10 inch-pound units 

Q/Ql,f= Ratio of total flow to flow over the chainlel 

Q b i .  = Dominant dischargc (cfs) 

11, = Mz~tin~ng's n for the stream bed 

Doe= Bed sed~ment dramcter for which 90 percent 1s smaller (mm) 

D = Mean sed~ment d~amctcr or Dso (mm) 

d = Channel depth (ft) 

The dominant discharge is based on the mcan annual flood, the "channel-fomiing," or 
"banltfull" discharge. On many pereinlial alluvial streams, particularly in humid climates, the 
mean annual flood and the channel-forming and bankfull discharges are nearly equivalent. 
However, on many ephemeral streams and channels in the southwest where flow events arc 



rare, the channel-foiming discharge is often difficult to deteinline. To account for (he 
discrepancies in what flow rate is appropriate for equilibrium slope analyses, and to assess the 
trend of expected slope adjustments during floods, the 2- and 10-year peaks were used in the 
equilibrium slopc equations to assess the expected slope adjustment over a range of discharges. 
The 2-year event approximates the mean annual flood calculated on a probability-weighted 
basis. The 10-year event better approximates bankfull conditions in the study reach. The 100- 
year dischal-ge was also run for coinparison and is often nm for consei-vative long-term 
dcgradation estimates. The 2-, lo-, and 100-year discharges used are suininarized in Table GA- 
2.A. 

Hydraulic data required for the MPM equation were derived fro111 the HEC-KAS hydraulic 
model discussed in Section 3.0. Manning's 11 values wcre taken directly fro111 the HEC-RAS 
1nodc1. Separatc Dso and Dso valucs wcrc used for the Uppcr McMicken Outlet Channel, Lower 
McMiclten Outlet Channel, and for the McMicken Outlet Wash as discussed in Section 4.5 and 
listed in 'I'able GA-4.5. 

The McMicken Outlet Channel and Wash wcre divided into reaches at tributary inflow points as 
shown in Figure GA-4.6. The McMiclten Outlet Wash was also divided at the drop structure in 
the channelized section of the wash south of Deer Valley Road. The reach namcs arc simply the 
furthest upstream HEC-RAS cross section number to the furthest downstream HEC-KAS cross 
section number within the reach. The MPM equilibriunl slope was computed at each HEC-KAS 
cross section. The resulting equilibrium slopes at each section were avcragcd by reach to 
determine the general trend along the channel for that reach. 

The long-term degradation (or aggradation) was predicted by coinparing the equilibrium slope 
and existing channel slopes for each reach. If the predicted equilibrium slope is less than the 
existing channel slope, long-term degradation is expected. Conversely, if the predicted 
equilibrium slopc is greater than the cxisting channel slope, long-term aggradation is expected. 
Table GA-4.6 summarizes the results of this analysis. Detailed calculations are included in the 
Appendix. 

Where long-teim degradation occurs, lateral instability usually occurs as a by-product due to 
undercutting the channel banks. Where long-term aggradation occurs; lateral instability occurs 
due to increased braiding and avulsions. While the ~nagnitude of long-term degradation or 
aggradation cannot be reliably predictcd using the equilibrium slope equation, the strength of 
the trend in either direction probably can be gauged. ?'he strongest trends are predicted where 
the difference between the average equilibrium slope and the cxisting channel slope is greatest. 

Every reach for the 2-; lo-; and 100-Year discharge has a predicted equilibrium slope less than 
the existing channel slope resulting in a prediction of' degradation. This is consistent with the 
trend observed in the historic profile comparison. However, the MPM results represent 
minimum slopes for the specific condition of clear-water discharges. As stated previously, 
several tributaries enter the McMiclten Outlet Channel and supply the channel with sediment. 

Discharges Crom McMicken Dam also contribute some level of sediment although liltely fine 
sedimcnt suspended in the outflow. The sedimcnt load of each tributary has some level of 
alteration from the Bcardsley Canal, CAP or both. Each tributary crossing a canal is conveyed 
by either an over-chute, culvert, or siphon causing varying degrees of sediment deposition on 



the upstream side. Although the McMicken Outlet Channel and Wash are ccitainly not in a 
clcar water condition; the system is not necessarily natural either. Thcrcfore, the equilibrium 
slopes computed using the MPM equation at a minimum, can provide a ~ ~ s e f u l  baseline for 
assessing the impacts if the system is modified in some way. 

4.7 DUILAMIC EQUILIBRIUM SLOPE METHOD 

Dynamic equilibrium slope calculations were performed using the procedures outlined in the 
Arizona Dcpartmenl of Water Rcsources (ADWR) manual (Reference 14) as required by the 
District for this study. According to this approach, thc cquilihriurn slope is defined as the slope 
which causes the channel's seciiment transport capacity to equal the incoming sediment supply. 
Steeper channels with high velocities will result in net erosion. Gradually sloped channels with 
lower velocities will result in net deposition. 

The sediment transport capacity was used to estimate the rate of sedimcnt transport. Thc Zcllcr- 
Fullerton equation from the ADWR Manual was used to compute sediinent trrlnsport capacity 
for the same channel reaches described in Section 4.6. 7'he Zcller-Fullerton Equation is a total 
bed-material discharge equation, anti is formulated as follows: 

Whcre: Q, = sedinlent discharge rate (clk) 

11 = Manning's roughness coeCtlc~ent, channel 

V = mean channel velocity (fi:s) 

G  = gradation coefficiicnt 

YI, = hydraulic depth. channel (ft) 

Dso = median bed sediment size (mm) 

and G =  0.5*(Dx4 1:Dso + DsdDljg) 

.]'he hydraulics calculations for the McMicken Outlet Channel, Wash, and tributaries were 
performed using the normal depth approach. Channel cross sections were obtained from the 
HEC-RAS geometry file for the McMiclcen Outlet Channcl and Wash. Channel cross sections 
for the tributa~y reachcs were taken from the routing reach geometry coded in the I-IEC-1 
hydrology rnodcl discussed in Section 2.0 with a few exceptions. PI635 is a modeled subbasin 
that contributes directly to the McMicken Outlet Channcl within the HEC-I model. 'l'hercforc a 
representative cross section was developed using the 2002 2 foot contour interval topographic 
mapping (Reference 15) developed for the Wittmann ADMP. Anothcr cross section was lalcen 
at tributary RF'I603 as the routing reach did not adequately match the channel geometly near the 
confluence will1 the McMicken Outlet Channel. Several cross sections werc used along CAP 16 
East (RPD704) and were taken from the effective HEC-2 model for the wash, the locations of 
which are shown on Exhibit A in the Appendix. 



Manning's n values were also obtained from the HEC-RAS, HEC-1, and effective HEC-2 for 
the CAP 16 East. Some of the n values in the HEC-I routing reaches were adjusted to more 
accurately depict the roughness within the reach ncar the confluence with the McMicken Outlet 
Channel. The gradation coefficient (G) and mean hed sedi~neni size (Djo) were based on the 
sicvc analysis rcsults discussed in Section 4.5 and summarized in Table GA-4.5. Thc gradation 
coefficient and mean bed sediment size for tributary reaches were taken from either the upper 
McMicken Outlet Channcl, Iowcr McMicken Outlct Channel, or McMicken Outlet Wash they 
are tributary to. 

The gradation coefficients computed for the three reaches range from 9.6 to 19.4. The range of 
sediment sample grain size distributions used in the developmerit of the Zcller-Fullerton 
equation had gradation coefficients in the range of 2 to 5 according to the ADWR Manual. 
There is no clear guidance in the ADWR manual regarding the accuracy of the methodology 
relative to the gradation coefficient. 

The first tributary sediment inflow modeled is reach RW1502, upstream of the McMicken Dan1 
outlet worlts. In general, the majority of a watercourse's bed load would be deposited on the 
upstream side of a dam and only a portion of the suspended load would bc conveyed 
downstream. Typically, long-term scour occurs inlnlediately downstream of the dam outlet. 
However, the impoundment area behind the McMicken Dam outlet works is only 3 to 4 feet 
lower than the crest of the outlet, which may allow more of the total sediment load to be 
transported than h r  a typical da~doutlet design. Furthermore, sediment deposition downstream 
of the outlet worlts has occurred somewhat regularly, as explained in Section 4.4. In any event_ 
solnc fraction of the total sediment load is delivered to the Outlet Channel and is probably more 
than the capacity of the Outlet Channel reach downstream (Reach 79.29 to 47.82). A detailed 
analysis of the sediment transport through the outlet worlts was not part of this analysis. 
Therefore, the sediment transported through the outlet works to the beginning of the McMicken 
Outlet Channel was assumed to equal the sediment capacity of the reach upstream of the outlet 
works. 

The nonnal depth calculations were performed at each cross section to obtain hydraulic 
parameters such as velocity and flow depth. Reach-avcraged values of these parameters were 
then obtained for each of the reaches to be used to estimate the sediment transport capacity of 
each reach. The sediment transport capacity values were used to compute the equilibrium slope 
for live bed reaches based on the sediment transport continuity approach outlined in the ADWR 
Manual. The sedi~ncnt transport capacity was computed for each of the reaches. The sediment 
transport capacity was then used as sediment inflow for the next downstream reach for use in 
the equilibrium slope analysis. The modeling procedure is outlined in the following steps: 

I .  The sediment inflow into a given reach is the sum of the sediment transport capacities of 
upstream reaches. The sedinlent inflow for CAP 16 East (RPD70-I) was co~nputed using 
the upstream-most cross-section of that reach. 

2. An initial estimate of the equilibrium slope is made for each reach. The average existing 
slopc was typically used to provide a starting point and used to conlpute nonnal depth 
hydraulics for every cross section within the reach. 

3. Using the reach averaged hydraulics from the initial equilibrium slope estimate, a first 
iteration of the long-term sediment transport capacity is co~nputed using the Zeller- 
Fullerton equation. 



4. The long-ter~n sediment transport capacity computed is compared to the total sediment 
inflow in ihe reach. 

5. Based on the comparison, the equilibrium slope is adjusted and ihe analysis repeats steps 
2 through 4 in an iterative fashion until adequate couvergence of the equilibrium slope 
value was obtained. The equilibrium slope adjust~nent at each step was performed using 
a bisection algorithm. 

The lol~g-tenn degradation (or aggradation) was prcdicted by comparing the equilibrium slope 
and the averagc existing channel slopes for each reach as discussed in Section 4.6. Table GA- 
4.7 summarizes thc results of the dynamic equilibrium slope analysis. The detailed final 
iterntion calculati~>ns and results are included in the Appendix. 

Thc results of this analysis predict aggradation in the McMicken Outlet Channel as would be 
cxpected with the gradually sloped bed profile, tributary inflows; field observations and historic 
maintenance activities. The McMicken Outlet Wash is predicted to degrade overall with 
possible aggradation in the reach upstream of the existing drop structure. The dy~lalnic 
equilibrium slope results contradict the res~llts of the MPM equation as cxpected, but give a 
better estinlate of the regimc of the watercourse given the comprehensive sediment transport 
analysis procedures within the method. It should bc noted that this method assumcs that 
scdiment input into each reach is assumed to be the sediment transport capacity of upstrcam 
reaches and although there is capacity, there may not be sufficient sediment to satisly the 
capacity. As stated previously, tributaries to the McMicken Outlet Channel and Wash have 
becn modified and may or may not deliver scdilncnt equal to  the sediment transport capacity. 

The aggradation predicted in the McMicken Outlet Channel does not match the previous 
channel degradation identified in the historic proiile. However, the general degradation 
predicted in the ~McMicltcn Outlet Wash is consistent with the degradation observed between 
1954 and 1986. 



SEC'I'ION GA-5:SUBSIDENCE 

JEF reviewed the draft Subsidence and Earth Fissure report of the study conducted by AMEC 
(Reference 16). The subsidcnce study was a comprehensive investigation including the following 
elements: 

previous subsidence studies 
groundwater declines measured in ADWR well watcr lcvel database 
historical and recent survcy data 
geophysical surveys 
geotechnical explorat~ons 
and along the dam, developed a subsidence model of past and future subsidence 

Historic and current survey elevation data sets from National Geodctic Su~vey (NGS) monuments 
crest were reviewed to estimatc general subsidencc rates. Subsidence rates at the eastern end of the 
McMickcn Outlct Channcl sincc 2000 were close to 0.0 ftlyear and about 0.02 ftlycar along 
McMickcn Dam at the Bell Road ali~nment.  

Subsidencc models were developed at 4 locations along the McMicken Dam and appurtenances 
using coupled Ho\v and deformation models with surveyed ground and dam crest elevation data 
from I955 to 2006 for input. Calibration of the models was performed using Repeat-Pass Synthetic 
Aperture Radar Interferometry (InSAR) data from 2002 to 2005. Insufficient survey data were 
available along the McMicken Outlct Channel. l'l~crefore, the subsidence model was developed 
using the InSAR data alone. 

subsidcnce profilcs werc dcveloped from the model for a time period between 1947 and 1982, 
2006, 2056, and 2106. The model estimates subsidcnce between 1947 to 2006 of 3.6 feet at the 
outlet works and as much as 4.7 feet along thc McMickcn Outlet Channel approximately 2,000 feet 
downstream of Grand Avcnue. Subsidence near the downstream end of channel is ncarly zero. 

The subsidence profiles predicted from the models were superimposed on the 1986 and 2000-2004 
profiles presented in Section 4.2 as shown on Figurc GA-5. Assuming this level of subsidence 
occurred, a significant amount of aggradation has occurred in the upper channel since 1956. It 
should be reiteratcd that the subsidence model is based on liinited InSAR data and is not an accurate 
depiction of actual subsidence along the McMicken Outlet Channel. However, the model provides 
a general ordcr of magnitude of subsidence and helps explain why the channel appears to have 
degraded since 1956 when the bed slope is so gradual and no signs of degradation have evcr been 
observed or expected. 



SECTION (3.4-6:CONCLUSIOKS 

Based on the analytical colnponents of this study, it can bc concluded that the McMicken Outlet 
Channel is likely to aggrade over time given the currcnt conditions of the watershed. The 
McMicken Outlet Wash is in a degradatiollal condition as a result of increased flows caused by the 
constiuctioll elf the McMiclten Outlet Channel and alterations to the sedi~ncnt supply of the natural 
tributaries caused by the construction of the CAP and thc Bcardsley Canal. Course grained 
sedimc~lt loads (bed loads) from lributaries to the McMicken Outlet Channel will likely be 
deposited near Iheir confuences with the McMickell Outlet Channel and will not be transported to 
the McMicken Outlet Wash. 

Future development within the watcrshed of both the McMicken Outlet Channel and Wash will 
have the affect of reducing the sediment supply contributing to the watercourses and consequently, 
reducing the aggradation potential andlor increasing the degradation potential. 

Two hridge crossings are proposed for thc rc-alignment of El Mirage Road as discussed earlicl-. 
current bridge proposals will span the Mcblicken Ourlet Wash main channel and ilnlncdiate 

overhanks and supported by piers driven into the channcl. Thc hridge crossings will have a limited 
affect on the sediment transport within thc was11 but are not expected to sigllificantly affect the 
system overall. l~npact analyses for any channelization associated with the bridges are being 
p e r f o r ~ ~ ~ e d  by the bridge designers and were not available for inclusioll in this report. We would 
anticipate that increased erosion potential will occur with any channelization, but that the effect 
would be focused within the bridge reach. 
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Table GA-4.6. h& e r  Peter. hlullel. Equilibrium Slope Aaalysis Results 
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Figure GA-I.3.A: McMicken Outlet Channel at Principal , 
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