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1. Introduction

Project Location

1.01 The Adobe project is on Skunk Creek in Maricopa County, Arizona, .

approximately 16 miles north of downtown Phoenix. (See Project Location

Map, fig~ 1.) It crosses a projection of Deer Valley Road about 1.8

miles west of the Black Canyon Highway, 1-17, and is crossed by 35th

Avenue. Physio-graphically, the site lies in the northern portion of

Deer Valley, a part of the Salt River Valley. The dam is between the

southern end of the Hedgepeth Hills on the west and Adobe Mountain on

the east (photo 1). Ephemeral Skunk Creek, the prominent stream in the

89.6-square-mile drainage area above the dam, flows southwesterly from

its headwaters to the dam, a distance of approximately 20 miles.

Geologic Setting

1. 02 Deer Valley and the larger Salt Ri ver Valley are in the south

central Arizona portion of the Basin and Range Geomorphic Province. The

Province is characterized by low but rugged mountains separated by broad

alluvial filled intermontane basins. The rocks which make up the

individual mountains are varied lithologically and in some areas are

almost entirely concealed beneath the vast coalescing alluvial fans

which surround them. The basins between the mountains are filled with

thick accumulations of alluvium ranging from' lacustrine silt and clay

deposits to river laid gravel and cobbles. The block fault basins are

generally very deep. Some contain over 3000 feet of accumulated

sediments. Adobe Mountain, the Hedgepeth Hills, and the valley between



are typical of the area except that no concealed pediment is present, at

least along the dam alinement. The mountains rise abruptly above flat

valley floor to a moderate height. Both are covered by talus blocks

derived from later Tertiary to Quaternary volcanic flows. The

underlying bedrock is also of volcanic origin and includes a complex

association of rock types including latite, andesite, flow breccia, and

tuffaceous agglomerate. Alluvium under the dam is in excess of 1250

feet and the groundwater level is approximately 500 feet below the

ground surface. Although the landforms in the area are the result of

widespread faulting and tectonism, these forces reached a maximum during

the Miocene period, and the present day seismicity in the area of the

dam is considered insignificant.

Project Description

1.03 Adobe Dam is one of four dams (Dreamy Draw, Cave Buttes, New

River, and Adobe) which, along with a diversion channel downstream, will

provide flood protection for the Phoenix Metropolitan area. Collectively,

these elements comprise the New River and Phoenix City· Streams Flood

Control Project authorized by the Flood Control Act of 1965. The dam is

a compac ted earthfill structure containing 2.3 million cubic yards with

a maximum height of 63 feet above streambed near the right abutment

(photo 2). At the left abutment, 2.1 miles to the northeast, the dam is

about 8 feet high. The embankment has a sloped core and random shells.

It contains an inclined and horizontal grave drains (photo 3). The

upstream random shell is underlain by a 5-foot-thick core blanket.
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Photo 1
Aerial view of completed dam looking
north-northeast. Spillway cut at lower
left, Hedgepeth Hills in foreground,
Adobe Mountain at upper right.
(8 Apr 1982)

Photo 2
Aerial view of completed dam looking
west (upstream); Hedgepeth Hills at up
per left, outlet channel at center left.
Soli patches on embankment are part of
the esthetic treatment. (8 Apr 1982)

4

Photo 3
Right abutment of Adobe Dam after den
tal excavation. Zoned embankment in
foreground; horizontal gravel blanket
drain at left, ir.clined drain at lower left
center, core blanket at right.
(21 Oct 1981)



(See amended pIs. 13 and 14. Selected amended contract drawings are

included as plates in this report and are sequentially numbered in the

order in which they appeared in the plans and specifications.) The

foundation for the dam is valley fill alluvium except at the right

abutment where the dam is constructed on the volcanic bedrock of the

Hedgepeth Hills. The detention basin has a capacity of 18,350 acre-feet

and reduc~s the 66,000 ft 3/s peak inflow of the standard project flood

to an outflow of 1890 ft 3/s through an ungated rectangular outlet .

conduit. Drawdown time ~or the standard project flood (SPF) is 9-1/2

days. The unlined spillway, which is designed to pass the probable

maximum flood (PMF), is excavated in rock 2000 feet west of the west

abutment (photo 1). It has a total profile length of 1325 feet and is

36 feet wide at the. bottom with 1/2:1 side slopes.

Project History

1.04 During project formulation, several alternative sites for Adobe

Dam were evaluated including a project-document site 4.5 miles upstream

from the eventual construction site. Exploration at the document site

was initiated in 1963 and exploration of the alternate sites began in

1973. By 1976, the as-constructed site, which had previously been

referred to as alternate site 4, had been selected for Adobe Dam.

Geotechnical considerations had no significant influence on site

selection. The construction contract was advertised under bid

solicitation DACW09-80-B~0035 on 7 August 1980. M.M. Sundt Construction

Company of Tucson, Arizona, was awarded contract DACW09-80-C-0121 with a

total bid of $8,388,025.00. The remaining bids ranged between $9,906,497

5



and $18,432,287.50. The Government estimate was $13,372,303. Construc

tion began with the ground breaking on 30 October 1980. The dam was

officially dedicated on 8 April 1982, approximately 6 months in advance

of the required completi0n date.

Key Resident and Design Staff

1.05 The following is a partial list of Corps of Engineers personnel

. responsible for· the design and construction of Adobe Dam.

Engineering Division:

Project Manager

Project Design Leader

Project Geologist

Embankment Design

Hydraulic Design

Construction Division:

Project Engineer

Project Officer

Embankment Engineer

Office Engineer

Field Superintendent

Laboratory Chief

6

Nick Romanzov

Vance Carson

David Lukesh

Tak Yamashita

Ken Warner

Terry Buckley

Captain Paul Dunn

Paul Ching

Dan Moore

Joe Salinaz

Dewayne GOOsell



Contract SUpervision and Quality Control

1.06 In addition to the Construction Division personnel listed above,

the Adobe Dam Project Officer maintained a staff of six inspectors and a

laboratory crew .of seven civilian and military personnel. Quality

control over embankment placement was the responsibility of the Corps of

Engineers. The Contractor had quality control over the other aspects of

construction, which were nonetheless under constant inspection by the

Project Office staff. Supervision and inspection of geotechnically

related items such as spillway and outlet works excavation, foundation

drilling and grouting, and abutment preparation and initial material

placement were the responsibility of the Engineering Division

Geotechnical Branch, primarily the Project Geologist.

Subcontractors

1.07 The prime contractor, M.M. Sundt, subcontracted several aspects

related to the construction of Adobe Dam. The major subcontractors

performing geotechnically related tasks were as follows:

• WBC Consultants, Inc., Phoenix, Arizona, the project

surveyors.

• W.G. Jaques Co., Des Moines, Iowa, the drilling and grouting

subcontractor.

• D.C. Speer Construction Co., Phoenix, Arizona, the rock

crushing contractor.

• Engineers Testing Laboratories Inc. (ETL), Phoenix, Arizona,

performing materials testing.
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Purpose of Foundation Report

1.08 The purpose of this report is to satisfy the requirements set

forth in ER 1110-1-1801, dated 15 December 1981. To that end the

following topics will be addressed:

• Foundation conditions expected and those actually

encountered.

• Construction methods utilized.

• Testing and explorations performed during construction.

• Solutions to construction problems or unexpected foundation

conditions.

• Foundation design and changes to that design.

• Conditions which may require post-construction observation or

treatment.

This information is intended for use (1) in planning additional

foundation treatment should the need arise after project completion, (2)

in evaluating the cause of failure or partial failure, (3) for guidance

in planning foundation explorations and in anticipating foundation

problems for future comparable construction projects, (4) as an

information base in determining the validity ,of claims made by the

contractor in connection with foundation conditions, and (5) as apart

of the permanent collection of project engineering data.
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2. Pre-Construction Phase: Geotechnical Aspects

Field Investigations

2.01 Following geologic reconnaissance and preliminary mapping,

subsurface geotechnical investigations were initiated at the damsite in

1913. The foundation of the dam, right abutment, outlet works, three

alternative spillways, and potential borrow areas were explored in order

to established the design criteria and feasibility of constructing an

earthfill dam and appurtenant works at the site. Subsurface investiga

tions consisted of deep and shallow seismic refraction surveys, uphole

seismic surveys, downhole electrical and gamma ray sur~ys, diamond core

drilling, bucket auger drilling, dozer and backhoe trenching, and

in-place density and percolation testing. Amended plates 2 and 9 show

the location of the geological and geophysical investigations (exclusive

of spillway alternative 2). The investigations performed are summarized

briefly in the following paragraphs. Additional information is avail

able in the Phase II, General Design Memorandum, appendix 1A, dated

April 1919.

SPILLWAY

2.02 In addition to exploration at the as-constructed spillway site

(alternative no. 1), subsurface investigations were conducted- at two

additional sites. Spillway alternative no. 3 was sited on the right

abutment near the contact with the embankment. The drilling of core

hole D-23 was the only exploration performed for this alinement.

Spillway alternatives 1 and 2 were in natural topographic saddles west

of the dam. A combination of seismic refraction surveys and diamond
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core holes was used to assess the rock types to be encountered, the

rippability of materials, and the suitability of'the rock for use as

stone protection for the dam. Because of the apparent chaotic nature of

the volcanic rocks encountered in,the core borings and the possibility

that lower velocity rock might exist at depth, a Meissner uphole wave

front survey was ,conducted at the as-constructed spillway site. The

purpose of this survey was to (1) establish the depth, thickness, and

lateral extent of geologic materials; and (2) estimate rock-breaking

characteristics during excavation. In addition to these investigations,

two test trenches were excavated at site no. 1 using a 09-H dozer and

single-tooth ripper in order to further assess the excavation

characteristics of the varied rock types. (See amended pis. 4 and 5 for

the plan and profiles of the geologic investigations at the

as-constructed spillway.)

RIGHT ABUTMENT

2.03 The investigation of the right abutment consisted of four diamond

core holes (0-9,0-10, 0-11, and 0-23) ranging in depth from 50.1 to

81.2 feet, one test trench at the downstream toe, and several seismic

refraction survey lines. (See amended pis. 2 and 3 for the location of

the core holes and geophysical lines. See fig. 2 for the location at

the test excavation.) The core holes were drilled in order to determine

(1) the thickness of overburden, (2) the subsurface geologic structure,

and (3) the rock-mass permeability. The purpose of the trench was to

assess the excavation characteristics of the overburden and to inspect

the abutment foundation surface. A 08-H dozer, however, was
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'unsuccessful in its attempt to excavate to bedrock. After digging only

about 3 feet into the abutment toe, the trench was aborted because of

the large size of the talus blocks, the caliche cementation between the

blocks, and the constant breakdown of the equipment. The geophysical

surveys were intended to yield information on bedrock velocity and the

overburden/bedrock contact. The results of the surveys on the abutment

(survey lines 11, 12, and 13) were poor, indicating only qualitative

data which suggested that the foundation rock surface dipped steeply

toward the northeast under the alluvium. The near-surface velocity

profile yielded inconclusive results because of the extensive talus pile

at the surface.

OUTLET WORKS

2.04 Exploration for the outlet works is depicted on amended plate 3.

Six diamond core holes were drilled'along the as-built outlet works

alinement, in addition to three holes drilled along a preliminary aline

ment away from the toe of the abutment. One test trench, 78-1, was also

excavated near the inlet portal. The purpose of the core holes was to

determine the nature and thickness of the overburden and the competance

of the bedrock foundation under the outlet. Trench 78-1, like the

attempted trench at the downstream toe of the abutment, was excavated in

order to assess the insitu nature of the bedrock and the excavation

characteristics of the overburden. The logs of the core holes and test

trench are shown on amended plate 6.
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LEFT ABUTMENT

2.05 Foundation explorations were not conducted at the left abutment.

MAIN FJ4BANlCMENT

2.06 Between 1973 and 1979, 10 auger holes, 6 rotary holes, and 7

backhoe and 6 dozer trenches were excavated along or near the embankment

axis (amended pl. 9). The auger holes were used to obtain

representative samples for mechanical analysis of each change in soil

type or at 3-foot intervals and to conduct standard penetration tests.

Percolation tests were conducted in two holes. Electrical and gamma ray

logging was performed in 5 of the rotary holes in conjunction with the

auger-hole testing in order to better correlate the properties of the

alluvium from hole to hole across the valley. The trenches were

excavated to determine the near-surface foundation conditions by visual

examination, mechanical analysis, sand-cone density testing, and

undisturbed tube and carved sampling. In addition to the above

investigations, seismic refraction surveys were conducted at various

locations along the alinement in order to determine the subsurface

velocity profile.

Anticipated Geologic Conditions

2.07 Information from the geotechnical investigations was analyzed to

determine the foundation characteristics at the damsite. Design

criteria, requirements for excavation, and foundation treatment were

formulated based upon these anticipated conditions. Altough the
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analysis of the data is detailed in the Phase IIGDMand implied in the

contract plans, the anticipated foundation conditions associated with

the major features of the dam will be briefly summarized. The actual

conditions encountered during construction are discussed later in this

report.

SPILLWAY

2.08 Data from the 13 core holes indicated that the material to be

. excavated from the spillway site was a complex association of

Quarternary/Tertiary volcanics. Surface expression of. the rock was

masked by up to 4-1/2 feet of residual soil and slope wash. The rock

types represented included andesite, basalt, and flow breccia, which

were overlain by tuffaceous agglomerate and caliche-cemented volcanic

colluvium at the upstream end. The distinction between andesite and

basalt was based upon visual examination (primarily the relati~ degree

of vesicularity) and not chemical composition. Pre-construction

petrographic analysis was not performed on rock samples from the

spillway. Although correlation between the different units was very

difficult from the logs of the core holes, surface geologic mapping

indicated that the flows dipped upstream at approximately 20 degrees.

Compressional wave velocities recorded in the geophysical surveys ranged

from 4500 to 11,000 ft 3/s. Based upon this information and the

condition of the recovered core, it was believed that the more highly

fractured and jointed rock and tuffaceous agglomerate could be ripped,

that the flow breccia would require selecti~ excavation because of the

variability in hardness, and that the harder and more massive
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andesite/basalt would require blasting. As shown on amended plate 4, it

was believed that a concealed normal fault trended sub-parallel to the

spillway axis on the west side (amended pl. 1). The existence of such a

fault, as mapped by the U.S. Geological Survey, was implied by the

topography in the saddle and the relative position of rock units as

encountered in the core holes. It was felt that such a fault, if it did

actually exist, would have been associated with ancient Basin and Range

tectonism and would have no significant effect on the slopes or the

stability of the sill.

RIGHT ABUTMENT

2.09 The right abutment of Adobe Dam had the appearance of a rubble

pile of desert varnished volcanic blocks up to 6 feet in maximum

dimension. (See photo 4 for a view of the unaltered portion of the

abutment as it exists today.) Under this surficial cover, the core

borings indicated that the talus blocks were infilled with loose silty

sand slope wash and locally cemented with caliche. This overburden

Varied in thickness from 5 to 12 feet, and the approximate bedrock

surface depicted on plate 29 of 72 of the contract plans (amended pl.

12) was based upon extrapolation bBtween the corings along the embank

ment and the outlet works centerlines. The cores indicated that the

bedrock was an irregularly fractured basalt (latite) with fine grained.

ash infilling between the blocks. The contact between the overburden

and bedrock was difficult to distinguish because the talus blocks were

of the same composition as the rock below.· The determination was based

primarily upon the degree of induration and composition of the infilling.
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Figure 2. Right Abutment Pre-construction.
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The basalt, which was 20 to 35 feet thick, graded to a medium to highly

fractured andesite. Pressure tests indicated that the basalt had a low

average permeability (0.4 ft/day) and the underlying fractured andesite

had computed permeabilities of up to 5 ft/day. An exploratory grouting

program Was designed (amended pl. 11), which assumed an essentially

tight foundation in the upper 30 feet.

OUTLET WORKS

2.10 The foundation for the outlet works was anticipated to be

fractured basalt with thin pockets of tuffaceous material, overlain at

the downstream margin by a well-indurated tuffaceous agglomerate. It

was believed that the excavation of the outlet trench would require

blasting, and a 5-foot buffer zone was specified in order to control the

excavation limits.

LEFT ABUTMENT

2.11 The left abutment is at the toe of Adobe Mountain, which has the

same surficial appearance (photo 5) as the Hedgepeth Hills at the right

abutmen.t. It was believed that materials encountered in the minor

excavation necessary would consist of variably cemented volcanic talus

and would be suitable as a foundation for the random fill embankment

section.

MAIN EMBANKMENT FOUNDATION

2.12 A review of the logs of borings and trenches and results of

detailed tests indicated a change of materials and properties in the

alluvial foundation at a depth of about 5 feet (amended pl. 10). The
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materials within the upper 5 feet included· 1 to 5 feet of fine grained

collapsible soils classifying predominantly a.s sandy silts and clays to

silty and clayey sands. (These materials were used as core material in

the dam embankment). With the exception of several isolated areas of

coarse grained sands and gravels, the fine soils were believed to be

widespread along the dam alinement. Because of the variable thickness

and the potential for collapse of the fine grained soils, the entire

embankment foundation was excavated to a depth of 5 feet and replaced

upstream with a blanket of core material 5 feet thick. The alluvium

below a depth of 5 feet classified predominantly as noncollapsible silty

and clayey gravelly sands with permeabilities estimated to range between

0.1 and 100 ft/day. Under the core zone, an exploration trench with a

20-foot bottom width and side slopes on 1V on 1.5H was included in the

embankment design (amended pl. 14) so that deleterious materials such as

nested cobbles and boulders or pockets of gravel could be identified and

removed.
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Photo 4
View of completed embankment looking toward Adobe Mountain (left abutment).
Desert varnished volcanic talus blocks typical of surficial cover on the Hedgepeth
Hills at lower right. (9 Apr 1982)

Photo 5
Surficial cover of desert varnished volcanic talus blocks on Adobe Mountain (left
abutment). Excavation scar for "end of dam" at very bottom of photo.
(26 Mar 1981)
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3. Construction Phase: Geotechnical Aspects

Spillway

3.01 The spillway for Adobe Dam is excavated in rock through a natural

topographic saddle about 2000 feet west of the left abutment (photo 1).

It was designed to retain the SPF while providing a controlled discharge

of the PMF. Sill invert is at elevation 1311.8. A 95-foot maximum cut

and removal of 233,000 cubic yards of material was required to excavate

to this elevation •. Although the amount of excavation would have been

less at alternative spillway no. 2, the increased distance from the

Skunk Creek channel would have required costly flowage easements. (See

amended pl. 1 for the location of the spillway sites.) The as

constructed spillway is 1325 feet in total length with a minimum base

width of 36 feet. Irregularities in the natural rock slopes resulted in

a varied bottom width. The invert section is stabilized by a concrete

sill across the bottom and up the side slopes; otherwise the spillway is

unlined. Based upon hydrologic, hydraulic, and least-cost requirements

the spillway is trapezoidal in cross-section with side slopes of 2V on

1H and benches 12 feet wide at 30-foot height intervals (photo 6).

Determination of the side-slope angle was based upon experience in

similar rock. The benches were designed to reduce the velocity of

surface runoff down the slopes and to catch slope talus before reaching

the. relatively narrow bottom. Since the contractor planned on utilizing

at least some of the excavated .spillway material in the construction of

the dam, he began his excavation soon after mobilizing to the site. The
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initial test blast was conducted on 18 November 1980. Excavation was

continuous through March and was then sporadic through October 1981.

The concrete sill was completed in January 1982.

GEOLOGY·

3.02 The geology at the spillway site is complex both lithologically

and structurally. The various rock units are described separately

followed by a discussion of the geologic structure.

Lithologic Units

3.03 Both walls of the excavation were mapped at a scale of 1:120;

however, only the geology of the east wall, plate (which is

representative of the west wall), is included in this report. The floor

of the excavation was never fully cleaned and was not mapped. For

mapping purposes, the rocks exposed in the spillway excavation were

divided into six major units: (1) agglomerate, (2) upper andesite, (3)

transitional andesite/flow breccia, (4) flow breccia, (5) lower

andesite, and (6) amygdaloidal andesite. The rock names were based at

least partially on a petrographic analysis of five samples collected in

March 1981 in which both the upper andesite and transitional rock

classified as porphyritic andesite. In an independent analysis of the

same rock units as performed by Dr. Michael Sheridan of Arizona State

University, they were classified as trachyte to trachyte-andesite. The

contract plans referred to the rocks as either andesite or basalt with

the distinction based primarily upon color and texture instead of

chemical composition. Since the actual rock name is based upon slight
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differences· in chemical composition and both the engineering propertie$

and the interpretation of the geologic structure are not affected by the

classification, the.six unit names used du\ing mapping, which are based

both upon chemical analysis and rock-mass characteristics, will be used

in this report. Correlation with rock units, as presented in the

contract plans, is tenuous and not significant. Generally, rock

identified in the contract plans as basalt is actually one of the two

andesite units. The flow breccia was usually identified correctly.

Rock unit names were changed on amended plates 4, 5, 7, and 8 to conform

to the lithologic classification used in this report. Contacts between

the different lithologic units, however, were difficult to identify even

while mapping a fully excavated face; and therefore, the contacts as

shown on the drill logs should be considered only as approximations.

3.04 Agglomerate. The youngest geologic unit in the spillway, other

than the pervasive thin blanket of residual soil and colluvium (Qoal),

is an agglomerate which is extensively exposed at the northeast end of

the excavation upstream from station 23 (photo 7). It has variously

been classified as (1) calichified breccia (Sheridan, attachment 1), (2)

volcanic lithic limestone (SPD laboratory petrographic analysis), and

(3) tuffaceous agglomerate (contract plans). Although no one term is

entirely appropriate, in this report the unit will be referred to simply

as an agglomerate instead of a breccia in order to avoid confusion with

a volcanic flow breccia exposed elsewhere in the spillway. It is a

crudely stratified assemblage of sub-angular to sub-rounded heterolithic

volcanic clasts in a variably cemented, calcium carbonate-rich matrix.

Its formation was probably the result of caliche-type cementation of
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colluvium over a long period of time during a colder and wetter

paleoclimatic cycle. Although the agglomerate unit is approximately 40

feet thick, calichification to this degree is not uncommon in central

Arizona (Dr. Sheridan, personal communication). The clasts are

predominantly red and grey andesites which vary in size from gravel to

3-foot diameter boulders. Apparent stratification of the clasts is sub

parallel to the contact with the volcanic rocks below. This contact,

which dips approximately 30 degrees upstream, is relatively planar and

probably represents a modified fault scarp. The base of the unit is

very poorly cemented, contains 70- to 80-percent cobble to boulder-size

clasts and is prone to sluffing (photo 8). It is only 5 feet thick on

the east side, but is up to 15 feet thick on the west side. With the

degree of cementation in the overlying section ranging from moderate to

extreme, it could not be easily ripped, even with a D9-L dozer (photo

9), and blasting was required for excavation. Evidence of the pre-split

blasting is well-preserved in the cemented agglomerate (photo 10) and

the slopes are stable.

3.0S Opper Andesite. The upper andesite flow is topographically the

highest rock unit exposed in the spillway excavation. It occurs on the

top and flanks of a flow breccia unit as well as sill-like intrusions

within the breccia (pl. 1). Its absolute age is undetermined, but it

was probably deposited, along with the other volcanic rocks exposed in

the spillway~ during the late Tertiary before or concurrent with Basin

and Range fault uplift. The flow is more or less coherent and exhibits

extreme platy jointing (photo 11), which is locally contorted into

swirling patterns (photo 12). The joints are smooth, generally
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uncoated, and planar to arcuate. Their orientation is varied and

unpredictable (pl. 1). In some areas the broad, arcuate joint planes

are adversely oriented toward the excavation, which has allowed portions

of the rock mass to slide. In general, the upper andesite forms stable

slopes. The closely spaced joints made excavation in this unit possible

with mechanical equipment. Much of the unit along with the remaining

rock in the spillway, however, was blasted to facilitate removal.

Because of the uniform nature of the upper andesite, its relatively high

bulk specific gravity (2.62 to 2~67 SSD), and the natural size

distribution related to the joint spacing, it was selected for use as

Type III stone protection on the dam. Petrographic analysis showed the

rock to contain from 1- to 5-percent montmorillonite clay, and some

. breakdown occurred during the specified wetting and drying tests. None

theless, the rock was approved for use as Type III stone because it was

believed that the amount of breakdown would not affect the gradation

enough to reduce the effectiveness of the downstream slope erosion

protection. In April 1982, just before the official dam dedication, the

rock was observed to be breaking down on the slopes (photo 13). A

10-cycle wetting-and-drying test was conducted on a randomly selected

sample of the downstream slope protection (photo 14). The rock was

divided during sampling into obviously fractured (breaking down) and

apparently unfractured classes. During the test, the unfractured rocks

underwent almost no degradation. The fractured rock gradation did

change somewhat; however, most of the breakdown occurred during the

first cycle, and very little subsequent breakdown occurred. The overall

combined gradation change was not significant. Since the wetting and
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dryin~ test did not seem to produce the expected results (based upon

field observation), the expansion and shrinkage of the clay may not be

the operative mechanism responsible for the breakdown. Thermal

expansion and contraction may playa significant role. Regardless of

the cause, the andesite used as Type III. stone protection should be

monitored for excessive degradation during the life of the project~

3.06 Flow Breccia. The bulk of the spillway excavation was in the

breccia. It is a strongly fragmented flow that underwent extreme

brecciation at the time of emplacement. Pods of coherent lava, which

may be old lava tubes, channels, or sills, are seen, but generally the

lava is composed of isolated blocks. This is a common chacteristic of

some intermediate composition lava ·flows resulting from flow-induced

shear and incipient rupturing that is termed "autobrecciation" . (Sheridan,

attachment 1). Variability, which is the chief characteristic of this

unit, is the reason flow breccia was not used to Type III stone protec

tion, which had specific physical requirements. Locally, the individual

rock blocks, which are generally sub-angular and as large as 5 feet in

maximum dimension, can comprise from 40 to 80 percent of the rock mass

(photo 15). The matrix varies from loose and crumbly to almost crystal

line. The colors of the cinders include reddish grey, brown, and red.

The maroon and grey rock blocks add more variability to the appearance

of the unit. In general, the blocks downstream from station 21 are

reddish andesite, while upstream they are dark grey and very similar in

appearance to a blocky latite flow exposed at the abutment. Some

portions of the flow are characterized by small cavities which are

incompletely filled with calcite, zeolites, and hydrous silicates. The
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secondary mineralization helps to stabilize the otherwise crumbly cinder

matrix. Excavation of the flow breccia posed the greatest problems of

any of the rock units because of its extreme variability. Most of the

unit was comprised of loose rock blocks in a cindery matrix which could

be ripped. However, the localized pods of coherent lava, the zones of

crystalline matrix, and the larger andesite rock blocks required blast

ing (photo 16). The slopes exca vated in the flow breccia, although

quite irregular, appear to be generally stable. Isolated rockfalls are

likely and unavoidable over the life of the project and could pose a

safety hazard to persons below.

3.07 TRANSITIONAL ANDESITE/FLOW BRECCIA. The transitional rock occurs

as a zone up to 10 feet wide at the contact between the andesite flows and

the flow brccia (photo 17). The rock, which is typically grey to purplish

grey with altered phenocrysts of feldspar and blebs of volcanic glass,

has a glassy and slightly vesicular texture and classifies as apor

phyritic andesite (SPD laboratory analysis) like the upper andesite unit.

Exposures are generally discontinuous, massive, and hard. The rock is

gradational between the andesite and the flow breccia on either side and

is especially difficult to distinguish from more coherent portions of

the flow breccia and the more blocky lower andesite unit. Because it is

hard and massive, the transitional rock could not be ripped, and it

formed "hard rock humps" at the in vert and at the toe of slopes which

were otherwise mechanically excavated. The pre-split blasting in the

transitional rock worked very well (photo 18), although blow-outs in the

softer flow breccia below were a problem (photo 19). Crushed transi

tional rock was used for bedding material and in the gravel drain.
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Photo 6
Completed spillway excavation; view
looking downstream fro"'! station 24 + 50.
Note relatively steep side-slopes and
varied rock types. Sill shows as a thin
light band In center of photo.
15 Apr 1981)

Photo 7
East wall of spillway before excavation
below lowermost bench. Note planar
contact between agglomerate and flow
breccia unit at left (partially obscured by
tree). (6 Feb 1981)
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Photo 8
Base of agglomerate unit as exposed on
the west wall of the spillway excavation.
Lowermost bench In center of photo;
contact with cindery flow breccia at left.
(29 Jul 1981)



Photo 9
D9-L dozer unsuccessfully attempting to rip to invert grade in area of highly
cemented agglomerate at station 25 + 00. Note poorly cemented agglomerate
slope at left. (24 Aug 1981)

Photo 10
Well-cemented agglomerate as exposed on east side of spillway. elevation
1403-1433, station 24 + 60 - 25 + 40. Crude stratification dips approximately 30
degrees upstream. Note pre-split blast holes. (24 Nov 1981)
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Photo 11
Platy jointing developed in upper andesite unit as exposed on west wall, station
23 + 25, upper bench level. (23 Dec 1980)

Photo 12
Swirling joint pattern with adverse dip towards spillway cut as developed in upper
andesite unit; east side near station 22 + 50. Fifty percent of 12-foot-wide bench is
already missing due to rock falls along joint planes. (6 Feb 1981)
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Photo 13
Typical example of Type III stone breakdown on downstream face of dam.
(19 Apr 1982)

Photo 14
Area, 18 x 18 inch, mid-slope on downstream face of dam near station 60, after
sorting into cracked and [lon-cracked Type III stone. Cracked rock in bucket at
right. Note rock at lower left corner of metal template. (6 Apr 1982)
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Photo 15
Detail of abundant individual andesite clasts in typical flow breccia. Spillway sta
tion 19 + 50, east side, middle slope. (30 Mar 1982)

Photo 16
Typical example of variability within the flow breccia. Note irregular contacts be
tween pre-split, coherent masses and more cindery material. Highly jointed upper
andesite at top of photo. Spillway station 22 to 23, west side, middle slope.
(15 Dec 1981)
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Photo 17
Typical gradational sequence of flow
breccia (lower left), transitional, and
andesite (upper right). Spillway station
17 + 50, east side, lower slope.
(16 Dec 1981)

Photo 18
Re-drilling hard transitional rock protru
sion after initial pre-split test blast. Note
excellent results of pre-splits on 3-foot
centers. (10 Dec 1980)

31

Photo 19
Blow-out in soft, cindery flow breccia
below pre-split transitional rock. Spillway
station 20 + 45, west side, upper slope.
(10 Dec 1980)



3.08 LOWER ANDESITE. Between stations 18 and 22, in the center of the

excavation, another andesite flow is exposed. It occurs below the flow

breccia. In hand specimen, many samples are indistinguishable from the

upper andesite while others are very similar to the transitional rock.

It is mapped as. a separate unit because of its stratigraphic position in

the volcanic sequence and because of its characteristically more blocky

jointing (photo 20). It can, however, be massive to highly jointed

(photo 21). Like the upper andesite, the joint orientations are quite

varied and the smooth, semi-arcuate joint planes are sometimes adversely

oriented toward the excavation, which causes unstable conditions (photo

22). Excavation of the lower andesite was generally possible by

mechanical means; however, it was difficult to maintain slope lines

within the tolerances specified because of the erratic joint spacing and

orientations.

3.09 AHYGDALOIDAL ANDESITE. . This rock unit, which is the oldest flow

exposed in the excavation, is exposed only at the southwest end of the

spillway on the upthrown side of a normal fault at station 16+50 (photo

23 and pl. 1).· The rock is maroon/grey, moderate in hardness, with a

crystaline groundmass containing weathered iron-rich minerals. Petro

graphic analysis was not performed on a sample of this rock and it is

classified as an andesite by its similarity to the transitional

andesite/flow breccia. It is distinguished from the transitional rock

by the lack of abundant phenocrysts and by its vuggy texture. The

vesicularity ranges from slight to moderate. The size of the vesicles

ranges from millimeter to centimeter size and almost all are partially

filled with secondary zeolite mineralization. The rock mass is
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irre~ularly fractured. Most breaks are at least partially re-healed.

Some of the lar~er sp~ces between the fractures have been completely

filled with a fine grained, cemented, clastic tuff (photo 24). This

sandy tuff also overlies the surface of the rock unit. This

relationship is particularly well-exposed on the east side of the

spillway excavation (photo 23). Excavation of the amygdaloidal andesite

was accomplished by mechanical means primarily because of the more

uniform nature of the unit which was devoid of localized hard, massive

rock. Side slopes were shaped using a slope board. Because of its

limited occurrence and its removal late in the construction sequence,

the rock was not used in the construction of the dam.

Geologic Structure

1.10 The ~eology of the spillway consists of a complex lava flow pile

which was tilted during the period of Basin and Range Tectonism

(Sheridan, attachment 1). Although the physical appearance of the

volcanic rocks are quite dissimilar (photo 25)· owing to color and

textural variation, the basic chemical composition is very similar, and

all the rocks exposed represent subaerially erupted flows, probably from

the same intermediate composition source (Sheridan, attachment 1). The

agmygdaloidal rock·exposed by faulting at the south end of the spillway

represents the scoriaceous surface of the oldest flow exposed by the

excavation. This surface was covered with a thin layer of tuffaceous,

probably wind-deposited sands which worked their way down into the

fractured rock mass (photos 23 and 24). Subsequent flows of inter

mediate andesitic composition produced the upper and lower andesite and
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flow breccia units which comprise the bulk of the spillway e~cavation.

The flow breccia is in gradational contact with the irregular surface of

the lower andesite and, in turn, is mostly overlain by the upper

andesite flow, which shows strong evidence of flow jointing. The

intimate association of both andesite flo~s vith the breccia, the

transitional zones between the units, and the similarity in chemical

composition suggest that the flows may have been 'contemporaneous with

the more coherent andesite representing relatively fast-moving lava

channels in an otherwise more visous brecciated flow margin. Locally,

the andesite flowed in sill-like channels within the breccia and in

other places was deposited on its surface. The more oxidized nature of

the contact between the flow breccia and lower andesite might indicate a

weathered surface on an older flow.

3.11 The thick accumulation of cemented colluvium at the north end of

the spillway may represent a modified fault scarp along a major upthrust

fault block against which the colluvium was deposited and cemented. The

exposed faulting between stations 16 and 16+50 (photo 26), although of a

much smaller magnitude, is probably related to the major fault block

movements. Because of 'the varied topography which exists in the

Hedgepeth Hills today, the actual number, orientation, and amount of

separation of faults in the area remain unknown. The steeply dipping

normal fault on the west side of the spillway, as shown on the contract

plans (amended pl. 4), was not encountered during excavation. It is

interesting to note that the texture and appearance of the rock in the

grey-black flow breccia exposed at the extreme upstream end of the

spillway (photo 27) very closely resembles the shattered "latite" block
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flow exposed in the upper portion of the abutment excavation. Even

though they occur at approximately the same elevation, direct

correlation is tenuous and the infilled blocky flow, characteristic of

the right abutment foundation, is not encountered anywhere in the

spillway.

EXCAVATION

3.12 The excavation of the spillway at Adobe Dam required the removal

of almost 1/4-million cubic yards of material. Of primary concern to

the contractor was accomplishing the excavation at a minimum cost while

producing materials useful in the construction of the dam at the same

time. Of primary concern to the Government was the creation of an end

product excavation as. close as possible to the lines and grades shown on

the contract plans with the resultant rock slopes in the best possible

condition. Since these two viewpoints might not be compatible, the

specifications for spillway excavation were written to yield the best

end-product. As a part of those specifications, buffer zones were

created adjacent to final slope lines and along a portion of the spill

way invert. In these buffer zones, controlled blasting or mechanical

excavation methods were required. Smooth blasting was specified in

Section 2C, para. 17.3 of the contract specifications (attachment 2);

however, alternate approved methods were also acceptable. The purpose

of the buffer zones was to protect and optimize the end-product excava

tion on: (1) the lower slope on both sides and for the entire length of

the spillway because this portion will channelize the PMF flows, (2) the

spillway invert 150 feet u~stream and 200 feet downstream from the sill

because this section is critical in maintaining an effective spillway
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crest elevation of 1377.8, and (3) all slopes on the west side in order

to protect to the maximum extent possible the slopes nearest to a 42

inch water pipeline from a City of Phoenix reservoir just west of the

spillway (amended pls. 18, 19, and 20). The upper slopes on the east

side and the remaining invert, although not designated with buffer

zones, were still covered under portions of the specifications which

. required the contractor to use methods which would prevent damage to

rock outside the prescribed limits of excavation.

Test Blast

3.13 In order to conform to the contract requirements while satisfying

his own requirements for cost effective production, the contractor used

several methods of excavation at different times depending on (1) the

nature of the rock to be removed, (2) the end-product use of the

excavated material, (3) the availability of equipment, ~nd (4) the

logistics. The initial excavation in the spillway consisted of a test

blast on 18 November 1980. Blast no. 1 was conducted on the east side

of centerline between stations 23 and 24. Pre-split holes were drilled

.on 3-foot centers along a line 8 feet from the final excavation line. A

6x8-foot spacing of 3-inch ANFO loaded holes yielded a powder factor of

1.1, #/Yd 3• Hercomix no. 4 was detonated with 2x8-inch Unigel primers

using Millidet electric caps. Hercosplit (7/8x24-inchsticks) was used

in the pre-split holes with 4 feet of stemming. Except for a change to

Herco-mix no. 1 in January 1981, the same combination of explosives was

used for all blasting in the spillway and at the abutment. The results

of the test blast were not conclusive, especially for the pre-split

demonstration, primarily because the rock blasted was mostly agglo-
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merate, which is not representative for the bulk of the spillway

excavation. Subsequent test or demonstration blasts were likewise

inconclusive because of the lateral and vertical variability of the

different rock units which had different excavation characteristics. In
,

the final analysis, the contractor's blasting methodology could only be

judged in relation to the end-product slopes over a large area which

included different rock types.

Pre~Split Demonstration

3.14 After the test blast, the contractor elected to excavate by

ripping and scraping. He found after only a few days that, although

much of the material could be ripped, there were resistant outcrops

which CQuld not be mechanically removed. Once exposed, they were

difficult to treat individually. Two such "hard rock humps" were

encountered at the west slope along the final grade line. The

contractor proposed using these two localities (sta. 20+00 to 20+50 and

21+50 to 22+00) to demonstrate his pre-split (controlled) blasting tech-

nique. In lieu of the smooth blasting method as described in Section

2C, para. 17.3 (attachment 2), he proposed drilling pre-split holes on

36-inch centers, loading each with pre-split stick dynamite as in the

original test blast. Since the Government felt that a 3-foot spacing

might be excessive, the contractor was directed to drill a portion of

one area (sta. 20+00 to 20+35) on 2-1/2-foot centers and load only

alternate holes. The pre-split demonstration blast occurred on

9 December 1980. The hard rock exposed at the surface did split nicely

(photo 18). This was, however, in the stemmed portion of the holes; and

it was agreed that, only after the entire shot was exposed, could the
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results be evaluated. Therefore, the contractor, using a 9x9-foot

pattern, was allowed to blast the burden in front of the test section

from station 21+25 to 22+00. ANFO-loaded toe breaker holes were allowed

for this demonstration, even though contrary to the specifications

(para. 17.3.4; attachment 2). Mid-slope breakers were not allowed. The

results of the entirely exposed pre-split demonstration indicated that,

where the rock was hard and massive (rock needing to be pre-split), the

controlled blasting on 3-foot centers worked very well. The highly

fractured ande-site and crumbly flow breccia, however, did not require

pre-splitting, and the blasting effects of pre-splitting and ANFO

breaker holes near the slope might h~ve unnecessarily harmed the rock

face.

Approved Blasting Plan

3.15 On 17 December, a compomise plasting plan was agreed upon by the

contractor and the Government. (See fig. 3 for the details of the plan.)

Basically, the plan called for exploratory holes to be drilled on 9-foot

centers along the final slope lines with pre-split holes drilled on 3

foot centers where competent rock was encountered. In zones.of loose,

crumbly flow breccia, holes would be deck-loaded based on driller's

reports. Vertical ANFO-Ioaded breaker holes would be allowed mid-slope

only in areas previously split. Toe breakers would be drilled with a 6

inch sub-drill and would be shot regardless of the nature of the slope

rock. Although this blasting plan was contrary to several items in the

specifications, it was agreed to as a reasonable and constructible

compromise considering the variability of the excavation characteristics

of the spillway rocks.
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Photo 20
Sinuous to blocky jointing developed in
the lower andesite. Note gradational
contact with flow breccia above.
Spillway station 21 + 30, east side, lower
slope. (30 Mar 1982)

Photo 21
Irregular character and spacing of joints
in lower andesite; blocky to massive at
left, highly jointed at right. Spillway sta
tion 21 + 25, east side, lower slope.
(30 Mar 1982)
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Photo 22
West sill slope after scaling off loose
rock. Note unstable dip-slope along joint
ing in lower andesite at right. Flow brec
cia exposed above bench. (15 Dec 1981)



Photo 23
Normal fault at spillway station 16 + 50, east side, trends N50·60W, dips 60
degrees NE. Upper andesite at left; upper andesite/clastic tufflamygdaloldal
andesite at right. (6 Apr 1982)

Photo 24
Typical example of amygdaloldal andesite rockmass. Note Irregular fracturing and
apparent complete Infilling by tuffaceous sand from above. (6 Apr 1982)
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Photo 26
Fault wedge at spillway station 16 + ocr,
east side. Amygdaloidal andesite at
right; upper andesite/tuffaceous
sand/amygd. andesite sequence at left.
(6 Apr 1982)
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Photo 25
View of east wall of spillway excavation
from station 20 + 00 lo'oking upstream.
Note varied texture and color of different
rock units. (6 Apr 1982)

Photo 27
Scoriaceous to cindery "Iatite" flow
breccia as exposed at upstream end of
spillway, station 24 + 25, east wall, elev.
1383. (6 Apr 1982)
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f-~one

Final Excavation Line

PRODUCTION DRILL AND SHOOT

1. Drill 8x8 to 10xlO pattern; depth will vary from 12 to 30 feet
2. Shots will be delayed in the following order with millisecond delays;

a. pre-split holes
b. production holes from centerline outward
c. toe breaker holes'
d. mid-slope breaker holes

3. Complete shot information to be indicated on pre-drill reports
4. Post blast 'reports to be submitted after each blast

PRE-SPLIT HOLES

1. Exploratory holes drilled along the final excavation line on
9-foot centers

2. Pre-split holes drilled on 3-foot centers in competent material
3. Pre-split holes will be loaded/stemmed according to driller's reports

MID-SLOPE BREAKER HQLES

1. Drilled on 8x6 pattern to within 2 feet above final excavation line
2. Loaded with ANFO and shot only in areas previously pre-split

TOE BREAKER ~OLES

1. Drilled to 2 feet beyond toe of the slope, 6 inches below bench
2. Loaded with ANFO and shot before the mid-slope breakers

Figure 3. Approved Spillway Blasting Plan
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Produotion Blastipg

3.16 From November 1980 to October 1981, almost 50 separate blasts were

conducted in the spillway (photo 28). The contractor was required to

submit a pre-blast report showing the area to be·drilled and the pattern

of the shop; and after each blast, both the contractor· and the

Government inspector filed post-blast reports. The pertinent data from

these reports are tabulated in the Spillway Blasting Summary, table 1.

According to this summary, 164,000 pounds of either Hercomix 01 or

Hercomix 04 were used to blast 185,000 cubic yards of rock. This is an

average powder factor (PF) of 0.9. Originally, the contractor used a

10x10-foot pattern with 6 feet of stemming in 3-1/2-inch holes and a

powder factor did not give adequate fragmentation. An increased powder

factor was required to break-up the rock because the loose, crumbly ash

in the flow breccia and the well developed joints in the andesite

provided access for premature dispersion of the gaseous energy. In

order to increase the powder factor, the spacing was reduced to 8x9 and

subsequently to 7x9 (photo 29) for a PF of 1.2 pounds per cubic yard.

Approximately half of the blasting was done using the 10x10-foot pattern

and half using the 7x9-foot pattern. The general configuration of a

typical blast is shown in the approved blasting plan, figure 3. During

the progress of the work, certain deviations from the approved blasting

plan occurred: (1) pattern depth generally varied between 12 and 24

feet with occasional shallow shots to remove isolated hard rock humps;

(2) production blast holes in excess of 24 feet were not drilled; (3)

mid-slope breaker holes were drilled and shot only when the pattern

depth exceeded 12 feet; (4) breaker holes were drilled on the same
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pattern spacing as the remaining production holes, and (5) toe breakers

were drilled 1 foot from the slope toe and mid-slope breakers 1 foot

above the final excavation. line. Up to 15-millisecond delays were used

for each blast in the order indicated on the Approved Blasting Plan.

Since the center production holes were shot first (after pre-splits),

the muck was heaved to the middle of the excavation. This allowed

access for drilling behind (downstream from) previously blasted areas

(photo 30). By using the delay blasting method, "the maximum amount of

explosive detonated at one time was also reduced. Some of the earliest

blasts, however, used as much as 589 pounds per delay.

Vibration Monitoring

3.17 On the west side of the spillway excavation, the City of Phoenix

had recently constructed a 42-inch water pipeline (amended pls. 17, 18,

19, and 20). To insure that the blasting would not damage the pipe, the

contractor arranged for John McCormick of Evans, Goffman and McCormick

to monitor the ground motion particle velocity of a typical production

blast (#16A on 17 Jan 1981). The powder factor was 1.0, #/yd 3• Based

upon an assumed safe velocity of 6 inches/sec at the pipe, a maximum of

300 pounds per delay was recommended for all subsequent blasts.

Pre-Split Blasting

3.18 Excavation to a neat line on the spillway slopes was difficult

because of the variability of the rock units and the differences in rock

competence within the flow breccia unit itself. It was obvious that
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some blasting was necessary to break hard rock masses. The location of

these areas was difficult to anticipate because of their unpredictable

distribution and any unnecessary blasting along the slopes might

adversely affect the more crumbly or highly jointed rock. The approved

blasting plan, therefore, called for drilling exploratory holes on 9

foot centers along the final s16pe line and 3-inch pre-spli~ holes on 3

foot centers in areas of hard drilling. Each hole was logged in1-foot

intervals as hard, soft, or spotted (alternately hard and soft). The

holes were then loaded, deck-loaded, or not loaded at all based on these

reports. This procedure was initiated with blast 10A on 19 December

1980 and continued until 16 January 1981. The procedure was modified,

beginning with blast 16A, because it was discovered that some areas

which had been deck-loaded had to be re-drilled and shot. After 16

January, the following procedure for pre-split shooting was utilized:

• Pre-split holes were drilled every 3 feet along the final

excavation line without any exploratory-type holes.

• All holes were logged as before (for record purposes) but the

logs were not used in loading (variations in depths

measured, the subjective nature of the logging, and the great

number of holes drilled made the logs essentially useless in

loading) •

• All holes were loaded except those which caved in to such a

shallow depth (about 8 feet) that loading and stemming was

not practical.
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Photo 28
Typical production blast; no 108,
spillway station 22 + 50-23 + 40. Pre-splits
detonated on both sides with first pro
duction delay in center. (22 Dec 1980)

Photo 29
Drilling production holes on 7x9-foot pat
tern for blast no. 18; spillway station
21 +00. (22 Jan 1981)
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Photo 30
Drilling and loading production holes for
blast no. 23P at downstream end of
spillway. Note how muck from blast no.
230 was heaved toward center of the ex
cavation. (7 May 1981)
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2 26Nov80 21+24 - 22+2C 1465 24 1441 3~" 9x9 8 4200 ? ? 6000 0.7 ? 0 0

3 3Dec80 21+00 - 21+2 1458 12 1446 ~" 9x9 6 750 11 70 830 0.9 43 0 0

4 5Dec80 20+00 - 21+0C 1450 12 1438 ~" 9x9 6 3625 15 242 5310 0.7 177 0 0
1448 9 1439 5

5 8Dec80 22+70 - 23+5C ? 12 ? ~" 10xlO 6 725 5 145 1678 0.4 42 0 0

6 9Dec80 21+50 - 22+0C 1450 12 1439 0 0 17 Pre-split demonstration;
20+00 - 20+5C 1454 12 1443 0 0 17 holes on 2~ and 3' centers

7 10Dec80 21+67 - 21+71 1450 15 1436 0 0 4 Continuation of pre-split
demonstration

8 11Dec80 20+50 - 22+5C 1447 11 1436 3~" 10xlO 6 6000 15 400 9972 0.6 244 19 pre-splits, location
unknown; misfire on shot

9 12Dec80 18+70 - 21+l( 1447 10 1437 ~" 10xlO 5 1700 6 284 4144 0.4 112 0 19
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1434 24 1410 authorized blast plan and

reporting procedure
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12A 2Jan8l 19+25 - 21+0( 1451 10 1441 3~" 8c.c 6 600 6 100 1005 0.6 40 25 20 Breaker and pre-split holes
1445 8 1437 to remove high spots on

first bench

12B 6Jan80 21+50 - 22+5C 1441 24 1417 3~" 10xlO 6 5750 15 502 9605 0.6 118 7 30 2-J/4" pre-split holes;
poor breakage, blew out
bottom
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12D 8Jan8l ~2+10 - 22+6( 1432 15 1417 ~" 10xlO 5 835 4 210 1166 0.6 21 0 0 Re-shoot of 12B

12E 9Jan8l ~O+10 - 20+8C 1439 24 1415 ~" 10xlO 6 4215 15 305 5960 0.6 67 11 15

15A 13Jan8l 19+50 - 20+2C 1438 24 1414 ~" 10xlO 6 5765 15 440 8710 0.6 107 24 17 Tried ripping this area
with D9G double tooth ripper

15B 15Jan8l 19+00 - 19+4' 1440 24 1416 ~" 8x9 6 3280 15 550 3642 0.9 62 11 13 Spacing tightened to
increase fragmentation

16A 16Jan8l 18+40 - 18+9C 1438 24 1414 ~" 8x9 5 4700 15 314 4800 1.0 80 14 18 Blast monitored by John
1433 20 1413 McCormick; "new" blasting

procedure initiated

16B 19Jan8l 17+37 - 18+21 1432 16 1416 3~" 8x9 6 2906 15 210 3601 0.8 136 24 27 No mid-slo'pe breaker holes
1422 7 1415 l~

17A 2Uan8l 04+29 - 25+1C 1415 12 1403 ~" 7x9 5 2654 10 372 2905 0.9 85 0 20

17B 23Jan8l 03+30 - 24+1C 1415 13 1402 3~" 7x9 5 2464 9 320 2360 1.1 77 0 30 Minimal fly-rock; uniform
fragmentation

17C 26Jan8l b4+00 - 25+0( 1416 10 1406 ~" 7x9 5 1892 9 256 1803 1.0 56 31 0 Pre-splits sub-drilled
1413 10 1403 1 to 3' and stemmed at bott~

17D 27Jan8l ~2+73 - 23+91 1417 14 1403 3~" 7x9 5 3252 15 288 3252 1.0 102 26 10 Pre-splits sub-drilled
2 to 6 feet and stemmed
at bottom

18A 29Jan8l ~2+00 - 22+81 1418 15 1403 ~" 7x9 5 4500 15 330 4520 1.0 131 14 26 . ANFO changed from Hercomix
No.4 to Hercomix No.1
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Table 1. Spillway blasting summary
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18B 29Jan81 21+15 - 21+9( 1420 16 1404 3~" 7x9 5 4938 15 342 4637 1.1 126 23 22

l8e 30Jan81 20+25 - 21+0( 1420 18 1402 ~" 7x9 5 5412 15 396 5092 1.1 123 24 27
1418 18 1400

180 5Feb81 19+55 - 20+1' 1425 18 1407 ~" 7x9 5 5435 15 315 4181 1.3 101 2i 20

18E 11Feb8l 19+05 - 19+6( 1425 20 1405 ~" 7x9 5 5350 15 416 4600 1.2 100 30 16 Eschelon delay pattern
1423 20 1403

18F 17Feb8l 18+45 - 19+O( 1424 16 1408 3~" 7x9 5 3658 15 266 3469 1.1 91 14 20
1420 16 1404

18G 18Feb8l 17+80 - Ui+3( 1421 17 1404 3~" 7x9 5 3030 15 224 2898 1.1 90 17 20
1418 14 1404

21A 20F~b8l 25+00 - 25+5( 1402 24 1378 ~" 7x9 6 3410 15 275 3138 1.1 62 18 18 Pre-split holes drilled to .
elevation 1370

21B 25Feb8l 24+50 - 24+9 1405 22 1383 3~" 7x9 5 3186 15 ? 2655 1.2 54 17 16 Pre-split holes drilled to
elevation 1370

21e 26Feb8l 24+00 - 24+5( 1409 24 1385 W' 7x9 5 2772 15 198 2318 1.2 42 13 15

210 27Feb8l 23+50 - 24+0( 1409 24 1385 3~" 7x9 5 3050 15 264 2650 1.2 48 16 16

21E 4Mar8l 22+7Q - 23+4( 1404 24 1380 ~" 7x9 5 4488 15 330 3740 1.2 68 24 27

21F 5Mar8l 22+39 - 22+7( 1404 24 1382 0 15 15 Pre-spli ts only

21G 23Mar8l 22+00 - 22+7C 1406 24 1302 ~" 7x9 5 4500 15 354 4131 1.1 81 7 7
1403 21 1302
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Table 1. Spillway blasting summary
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21H b5Mar8l 1+50 - 22+00 1406 24 1382 3~" 7x9 5 3186 15 236 2754 1.2 54 15 17
1404 24 1380

..
21I b?Mar8l 0+90 - 21+40 1404 24 1380 3~" 7x9 5 3186 15 236 2754 1.2 54 13 15

2lJ ~lMar8l 0+50 - 20+85 1404 24 1380 3~" 7x9 5 2655 15 ? 2213 1.2 45 23 total pre-split holes

21K ? 0+00 - 20+50 1405 24 1381 3~" 7x9 5 3186 15 236 2754 1.2 54 15 14

21L 7Apr8l 9+25 - 20+00 1408 22 1386 ~" 7x9 5 3835 ? ? 3195 1.2 54 20 20 Deck loaded pre-split holes
as necessary

23M pOApr8l 8+60 - 19+15 1406 22 1384 .~" 7x9 5 3658 ? ? 3048 1.2 62 14 19 Deck loaded pre-split holes
as necessary

23N 5May8l' 7+85 - 18+50 1408 22 1386 ~" 7x9 5 3717 ? ? 3098 1.2 63 14 19

230 6M~y8l 7+25 - 17+80 1406 22 1384 3~" 7x9 6 3207 ? ? 2673 1.2 63 24 20

23P ?May81 6+45 - 17+10 1406 22 1384 ~" 7x9 6 3776 ? ? 3147 1.2 64 19 20

30 3Sep8l 4+50 - 25+90 1382 9 1373 3" 5x7 4 1275 15 85 1397 0.9 150 0 0 Irregular surface left by
1376 3 1373 rippers/scrapers; 9" sub-

drill

31 8Sep8l 0+25 - 22+20 1384 11 1373 3" 5X7 4 1850 ? ? 2313 0.8 211 56 56 Irregular surface left by
1376 3 1373 rippers/scrapers; 9" sub-

drill

32 9Sep8l 8+25 - 20+15 ? 12 ? 3" 5x7 4 2800 ? ? 3415 0.8 211 . 52 52. 34 holes drilled in sill,
4 4'c.c. burden, 3'c.c. pre-

splits
33 60ct8l 6+00 - 17+70 ? ? ? 3" 5x5 ? 1050 6 150 1272 0.8 210 ? ? Depth of holes varied, dri-

lled to invert +9"sub-drill
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3.19 In the final analysis, the modified pre-split technique produced

acceptable .results considering the geologic conditions •. The 3-foot·

spacing with 1/8-inch stick powder in 3-inch-diameter holes worked well to

pre-split the hard rock and the blasting effects did not noticeably

de~rade the less competent rock (photo 31). Over 1500 line (pre-split)

holes were required in the spillway excavation, mostly on the middle and

lower·slopes.

Mechanical Excavation

3.20 The blasting methods previously discussed were used until mid-May

1981. At that time only the final 15 to 20 feet remained to be excavated

(photo 32) and work was. discontinued. In August, work was resumed and,

after removing 10 feet of already shot rock with scrapers (photo 33), the

contractor tried ripping to the final invert grade using a D9G with single

tooth ,ripper even though this method had previously proved unsuccessful.

The results were much the same when ripping was first attempted in

November 1980. About 3 feet of rock was loosened; however, localized hard

rock humps pre vented further excavation (photo 34). On 20 August 1981, a

D9L dozer with double-tooth ripper began wor~ing (photo 35), and signifi

cantly more rock was loosened. Even after a maximum effort by the bigger

and more powerful dozer, however, there still remained high spots which

required shallow blasting (photo 36) using tight drilling patterns (blasts

number 30 through 33). Mechanical equipment was also used to excavate

some slopes in lieu of pre-splitting. Most of the east side upper slope

was excavated to grade using a slope board on a D9G dozer (photo 31) as

were the slopes on both sides downstream from station 11. Where the rock

condition allowed this method of excavation, the results were excellent.
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Rock Hauling

3.21 The muck generated by either ripping or blasting was removed

mainly from the spillway cut using caterpillar 651B scrapers (photo 33)

or rock trucks and a caterpillar 988B front-end loader (photo 38). The

type of method used was dependent on (1) availability of equipment, (2)

steepness of the exposed face, (3) size of the rock to be removed, and

(4) width of the cut. The scrapers were more efficient in removing the

material; but required free access in both directions, a relatively level

bottom, and smaller maximum rock size. The rock trucks fed by a front

end loader allowed removal of muck at a steep face directly adjacent to

on-going drilling operations (photo 38). The excavated spillway rock

was stockpiled rock at the upstream end of the excavation and later

processed by D.C. Speer Construction Company (photo 39), making either

Type III stone, bedding material, or gravel drain. On 19 October 1981,

the last load of rock was removed, and the spillway was down to grade.

Only the sill excavation and construction remained.

SPILLWAY SILL

3.22 The spillway for Adobe Dam is unlined except for a narrow concrete

sill section at station 20+00. The purpose of the sill is to protect the

integrity of the spillway crest invert elevation, 1377.8, and to provide

a controlled channel section for the PMF. Under normal conditions, the

spillway at Adobe Dam will only pass flows in excess of the standard

project flood (SPF). A~ originally designed, the sill was to be trape

zoidal in cross-section, extending across the full width of the spillway

floor and up both side slopes to elevation 1393.5 (PMF flow limit).
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Photo 31
Typical example of pre-split blasting results. Note casts of holes in hard and
massive zones within both upper andesite and flow breccia. Remainder of slope
apparently not adversely affected. Spillway station 20 to 21, east side, middle
slope. (15 Apr 1981)
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Photo 32
Spillway excavation as of 20 May 1981.
Bottom elev. 1395, lower slope not yet
dressed with slope board. View of east
wall looking upstream from approx. sta.
17+00. (20 May 1981)

Photo 33
D9-H push cats and 651 B scraper
mucking-out spillway in area of flow
breccia. (21 Aug 1981)
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Photo 34
Hard rock hump left in floor of spillway
after ripping. Area eventually shot to
grade during blast no. 32. Spillway sta
tion 19 + 50, east side, 5 feet above
final invert. (20 Aug 1981)



Photo 35
D9-L outfitted with dotJble4ooth ripper
excavating to near final Invert grade near
spillway station 22. (21 Aug 1981)

Photo 36
Drilling shallow production holes for
blast no. 31 to remove isolated high
spots. (2 Sept 1981)
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Photo 37
Dozer with slope board excavating to
final slope grade. Spillway station
21 + 50, east side, upper slope.
(8 Dec 1980)



Photo 38
D9-H dozer pushing muck to Caterpillar 988C loader and rock truck during
spillway excavation at station 20 + 50. Flow breccia being loaded was hauled to
waste upstream from the spillway. Note close proximity of drilling operation at
upper right. (6 Feb 1981)

Photo 39
D.C. Speer Construction Company processing rock from spillway excavation for
use as Type III and bedding material. Plant setup is in the reservoir area midway
between the right abutment and the spillway (19 Mar 1981)
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The maximum width was to be 4-1/4 feet, tapering to 2 feet at the base

of the excavations. The original design showed B-line tolerance of 6 to

9 inches. Because of the nature of the rock at station 20+00 and the

contractor's excavation methods, the as-constructed sill deviated

significantly from this design (amended pl. 19).

Side Wall Excavation

3.23 The rock at station 20+00 in the area of the sill was the lower

andesite unit along with flow breccia on the east side (photo 40). The

irregular, blocky jointing in the a~desite and the large rock blocks in

the flow breccia made excavation to the neat lines shown on the contract

plans very difficult, especially on the side slopes. The sill across

the bottom was blasted on 19 September 1981 using pre-splits on 3-foot

centers and a single line of burden holes on 4-foot centers. Blasting

on the side slopes, however, was not allowed because of the condition of

the rock mass. The contractor took it upon himself to attempt the side

wall excavation using a CAT 235 backhoe even though he had been

previously advised to consider other methods (ie., jackhammer, hand

barring, and wedging, etc.) to control the shape of the slot. The

results of the attempted backhoe excavation were disappointing. The

irregular depth and width of the cuts was controlled by adversely

oriented joints. in the andesite and the large rock blocks in the flow

breccia (photos 41 and 42). Open, partially mineralized voids several

inches wide and several feet deep were common on the east slope. The

excavation on the west side was between 6 and 8 feet wide (instead of

4-1/2 feet as shown on the contract plans), and it exposed a smooth,

arcuate, dip-slope joint surface and unstable rock blocks above (photo

42).
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3.24 After this first attempt at excavation, the Resident Engineer

proposed to delete or change the design of the side-wall sills. Because

the proposal to delete the sills was unacceptable to the hydraulic

designers, it was recommended that the slopes first be scaled to remove

unsafe rock blocks, then use hand or very controlled mechanical methods

to excavate back to distinct joint surfaces or rock masses and construct

a notch 2-feet wide and 1-foot deep, or as deep as necessary, to extend 4

feet into the theoretical slope plane. These notches would be used as a

key to secure a modified rebar cage into the slopes~ On 15 and 16

December 1981, two laborers on a man-lift scaled the unsafe slopes above

the rough sill excavations (photo 43) and used pry bars and shovels to

remove the loose rock from the face of the cuts. On the west side, addi

tional prominent joint planes were exposed, many of which had adverse

orientations toward the spillway cut (photo 44). Rock blocks could be

removed with difficulty by hand or easily using pry bars. The blocks,

however, were wedged together (photo 45) so that removal of one made many

others unstable. To keep the overall size of the excavation to a mini

mum, many "loose" blocks were left in place. On the east side, the

apparently loose blocks in the flow breccia above elevation 1393 were

actually quite stable and very few were removed using the pry bar. The

lower portion of the sill excavation was in the blocky andesite unit.

Smooth, arcuate, dip-slope joint planes were exposed (photo 46), and the

excavation near the toe of the slope ended up to be approximately 10 feet

wide. A jackhammer was used in an attempt to trim rock blocks in the

flow breccia. The hard, massive, reddish andesite, boulder-size blocks,

however, were too tough to excavate in this manner (photo 47).
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Photo 40
Condition of east slope at station 20 + 00
before side-wall sill excavation. Note
heterogeneous and blocky nature of the
rock. (20 Aug 1981)

Photo 41
Condition of east slope at station 20 + 00
after initial excavation attempt with CAT
235 backhoe. (21 Aug 1981)
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Photo 42
Condition of west slope at station
20 + 00 after initial excavation attempt
with CAT 235 backhoe. Note dip-slope
joint surfaces and unstable rock above
cut. (21 Aug 1981)



Photo 43
Laborers using shovels and pry bars to dislodge loose and unsafe rocks from
above the initial excavation for the side-wall sill on the east spillway slope.
(16 Dec 1981)

Photo 44
West slope at sill (station 20 + 00) after scaling of unstable rock from above initial
cut Into slope. Note distinct, smooth, joint planes dipping toward excavation.
(16 Dec 1981)
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Photo 45
Wedge-shaped inter:secting joint blocks
developed in lower andesite unit as ex
posed on west wall, adjacent to excava
tion for side-wall sill. (25 Nov 1981)

Photo 46
Dip-slope joint planes developed in lower
andesite unit as exposed in excavation
for side-wall sill in east slope. Attitudes:
N70E 45N; N55E 70N; N60E 45N; N60E
65N. (13 Dec 1981)
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Photo 47
Evidence of attempts to jack-hammer
protruding rock on east side-wall sill
slope. Note cavity and open fracture
plane. (16 Dec 1981)



The use of the jackhammer was discontinued because of the poor results

and the marginally safe working conditions. It was decided to abandon

the attempt to create a narrow notch 4 feet deep into slope. Inst~ad,

the cont.ractor was instructed to remove, by hand, the relatively loose

rocks along the sill centerline and place the pre-formed r~bar cage (as

shown on the original contract plans, amended pl. 19) as far as possible

into the slope while maintaining close to the original 1/2 on 1 slope.

Sill Trench Excavation

3.25 As soon as the slopes had been excavat~d, a backhoe was used to

dig out the previously blasted sill trench across the bottom of the

spillway. The backhoe easily excavated the blocky andesite to the depth

indicated on the contract plans. The shape of the excavation, however,
. I

deviated significantly from the plans (photo 48). The trench averaged 4

feet in width across the bottom (instead of 2 feet) and was 7 feet wide

at the top (instead of 4-1/2 feet). More significantly, the existing

spillway grade was between 0.8 and 1.6 feet below the sill crest

elevation of 1377.8.. Also, it was apparent that, during the spillway

excavation, the contractor had overexcavated an additional 1 to 1-1/2

feet and subsequently backfilled the area with muck from the spillway

excavation. A 2-inch-thick layer of crushed gravel was uncovered on

both sides of the trench for the full width of the spillway near

elevation 1375, almost 3 feet below the spillway crest elevation (photo

49). The contractor was instructed to excavate the backfill material on

both sides of the trench 15 feet upstream and downstream from the sill

centerline (photo 50). The configuration of the resulting excavation is
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depicted in figure 4. No attempt was made to excavate to "sound,

intact" rock because of the loose, blocky nature of the andesite rock

mass. The resulting excavation probably would have been excessive for

the intendeo foundation purpose. Hand labor was used to remove

dislodged· rock from the bottom of the sill trench and at the toe at the

side slopes.

Sill Construction

3.26 A new spillway sill tailored to the resulting excavations was

desi~ned. The redesi~ned, as-constructed sill across the floor of the

spillway is 6 feet wide at the top. It is level at elevation 1377.8.

From the edge of this level surface, a triangular shaped concrete

section slopes away at 1V on 2H down to the top of intact rock near

elevation 1375. (See amended pI. 19 for the configuration of the sill

and photos 51 through 59 for the sequence of construction.) The side

wall sill excavations are backfilled with shotcrete. A welded wire

fabric reinforcement extends under the surface of the shotcreted slopes

and across the concrete sill (photos 51, 52, and 58). The original

steel reinforcement was unchanged except that the cages on the slopes

were set as far back as the excavations would allow while maintaining

close to the 1/2:1 slope. This resulted in several contact points

between the steel and the rock, but the majority of the steel had a

clearance of 1 to 6 inches because of the irregular rock surface. In

general, the bases of the ca~es were inset further than the top,

creatin~ a somewhat steeper inclination. At elevation 1377.8, the

inside edge of the cage was 20.0 feet from the spillway centerline on
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the. west side and 21.4 feet 'on the east side. As originally designed;

the total distance between the two would have been approximately 36

feet.

3.27 Seventy-four cubic yards of 3000 Ib/in2, 3/4-inch concrete was

used to pour the sill. The concrete was placed on a wetted foundation

surface of loose rock (photo 55) except at the toe of the slopes where

it was placed on clean, intact rock (photo 53). Rebar dowels were left

sticking out of the concrete at the ends (photos 54 and 57). The rebar

cages under the shotcrete were later spliced into these dowels.

Particular attention was paid to adequately vibrating the concrete along

the rock contacts at the slopes (photo 54). After the concrete had

cured for a couple of days, the rebar cages and wire mesh reinforcement

were laid against the slopes and tied to the dowels at the base (photo

57). In some cases, the rebar stirrups had to be moved to allow for

protruding rocks. The wire mesh was cut and bent to conform to the

shape of the excavation and tightly tied to the rebar cage (photo 58).

Pneumatically placed concrete was applied on 8 January 1982 (photo

59). The area where the shotcrete was to be placed was washed down to

(1) remove any objectionable material, (2) pre-wet the surface and (3)

insure a good bond with the shotcrete. The materials and application

met the specifications for wet mix pneumatically placed concrete. The

shotcrete was applied by spraying it back and forth, starting at the

bottom and working toward the top until a minimum thickness of 3 inches

covered the wire mesh. The edges were rounded into the irregular rock

surface and thin feather edges were avoided. After the concrete and

shotcrete were placed in the sill, the vicinity of the sill was brought

to grade with backfill material, and the spillway construction was

complete (photo 6).
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Photo 48
View of initial sill trench excavation look
ing from west side lower bench. Note ir
regular side-wall excavation on east
slope. (17 Dec 1981)

Photo 49
Trench excavated normal to sill on
upstream side exposing gravel layer at
base of backfill. Contractor had overex
cavated invert by almost 3 feet.
(17 Dec 1981)
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Photo 50
Sill trench after excavation of backfill 15
feet upstream and downstream from sill
centerline. Excavation at toe of slope
almost complete. View looking east.
(23 Dec 1981)
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Photo 51
Sill trench with steel reinforcement and
wire mesh in place. Note amount of
overexcavation. (top of steel at spillway
invert). (30 Dec 1981)

Photo 52
Overhead view of sill-trench steel rein
forcement and wire mesh. Side-wall rein
forcement to be installed later. Wood
screed forms completed. (30 Dec 1981)
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Photo 53
Wetting down rock surface at east end
of sill trench prior to initial placement of
concrete. (31 Dec 1981)



Photo 54
Vibrating concrete along rock contact at
east end of sill trench. Note rebar
dowels protruding out of concrete and
up the side wall. (31 Dec 1981)

Photo 55
Vibrating concrete under wire mesh on
downstream side of sill trench. Concrete
placed on wetted but not tnorougnly
cleaned "rock". (31 Dec 1981)
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Photo 56
Laborers using screed to level 6-foot
wide sill invert. Note 1V on 2H contact
with rock face at left (west side of
trench). (31 Dec 1981)



Photo 57
Rebar cage and wire mesh tied to
dowels at west end of sill trench con
crete. (5 Jan 1982)

Photo 58
West side-wall sill steel reinforcement in
place. Note how wire mesh conforms to
the irregular shape of the excavation.
(5 Jan 1982)
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Photo 59
Shotcrete being placed on west side-wall
sill. (8 Jan 1982)



Right Abutment

3.28 The excavation and foundation preparation of the right abutment at

Adobe Dam was the most critical aspect of construction. It was

important in the geotechnical sense because it represented the interface

between foundation rock and compacted embankment at the thickest'

(highest) portion of the dam. It was also the single most important

link in the sequence of construction. Excavation and, construction of

the outlet works, which passes through the abutment, could not begin

until at least the upper abutment surface had been entirely excavated.

More important, completion of the abutment surface treatment was the

last step before dam closure.

3.29 The general sequence of abutment construction was as follows:

Dec 80 through Apr 81, excavated and cleaned the abutment above

the outlet works.

Mar 81 through May 81, excavated the outlet works trench.

May 81 through July 81, constructed the outlet conduit and

backfilled the trench.

Aug 81 through Sep 81, grouted the upper abutment (above the

outlet works).

Aug 81, excavated and cleaned the lower abutment (below the

outlet works).

Sep 81 through Nov 81, grouted the lower abutment.

Sep 81 through Dec 81, placed dental concrete.

Nov 81 through Dec 81, placed embankment materials.
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3.30 Construction costs significantly in excess of the contract

estimated amounts and modifications to the contract were related to the

abutment excavation and foundation preparation. These included costs

related to:

Abutment excavation (bid item no. 7) •••••••••••••••• ••••

Dental excavation over 100 Cy (bid items no. 10B) •••••••

Dental concrete over 60 CY (bid item no. 38B) •••••••••••

Foundation drilling and grouting (bid item no. 43) ••••••

Investigation of abutment (MOD P00005) •••••••••••. ~ •••••

Revised abutment excavation (MOD P00008) ••••••••••••••••

Abutment filter (MOD P00009) •••••••••••••••••••• ••••••••

Irregular abutment surface (MOD P00010) •••••••••••••••••

Delays due to irregular abutment surface (MOD P00014) •••

Extra costs for foundation drilling and grouting

$ 13,728

340,020

76,050

149,060 .

13,141

43,125

97,560

43,495

49,625

(MOD POOO 15 ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 5, 851

Abutment fill costs (MOD P00018)........................ 10,000

Total $841,655

The added costs were basically due to:

• The unexpected nature of the foundation rock formation (volcanic

block flow).

• The unexpected difficulty in excavating the overburden (blasting

required).

• The unexpected extreme relief of the bedrock surface.
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• The unexpected high grout takes (4694 placed sacks versus 200

sacks estimated).

EICAVATION

3.31 The contract plans called for the removal of between 5 and 12 feet

of overburden from the abutment surface. The overburden was classified

on the drill logs as slope wash and talus debris containing boulders to

6 feet maximum dimension, partially cemented with caliche. Beginning on

December 1980, the contractor attempted to strip the overburden from

the abutment bedrock surface using conventional excavation methods; (D

9H dozers with double-tooth rippers (photo 60). By 10 December, it was

obvious that this method was very inefficient in loosening the large,

caliche-cemented blocks. Only the very surficial, loose, uncemented

talus blocks had been removed (photo 61). The contractor requested

permission to drill and blast the overburden in order to loosen the

large volcanic blocks and facilitate their removal.

Test Blast

3.32 It was agreed to evaluate the contractor's proposed abutment

blasting technique in a small test area which would eventually underlie

the random shell of the embankment. The area was 20x40 feet in

dimension between stations 11+80 and 12+20, 50 feet downstream from

centerline. At the surface, it was typical of the entire abutment after

the initial D-9H excavation. Boulders (talus blocks) to several feet in

diameter protruded through powdery, sandy silt and caliche (photo 62).

A rotary percussion airtrack drilled holes 3-inches in diameter, 8 to 11
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feet deep, on a 7x7-foot pattern. The hole bottoms were 1 foot above

the projected top of bedrock. Drilling action indicated hard boulders

to 5 feet thick separated by soft, brown infilling up to 2 feet thick.

One exploratory hole was drilled 24 feet deep at station 12+32, 60 feet

right of centerline. Drill action indicated no very soft zones below

approximately 8 feet; however, a softer brown zone about 1-1/2 feet

thick was encountered at about 18 feet.

3.33 The area was shot on 16 December (blast no. 11). The powder

factor was 1.0. The blast effectively dislodged the caliche-cemented

volcanic blocks from the surface (photo 63). The blast area was mucked

out and further excavated as deep as possible with a D-9 dozer. The

muck included numerous blocks which were at least 5 feet in dimension.

Even though blocks up to 7 feet in longest dimension were partially

exposed in the bottom of the roughly cleaned area (photo 64), it appeared

that they could have been dislodged if properly attacked with CAT D-9H

dozer·. The working area, however, was too small and steep-sided for the

dozer to operate efficiently. The general feeling, after the excavation

had been inspected, was that the top of bedrock had not yet been

exposed. The volcanic blocks had no apparent systematic orientation and

were surrounded by a matrix of sandy silt (photo 64). In order to

better evaluate the abutment bedrock surface, it was decided to loosen

the remaining overburden downstream from the core zone by similar

blasting techniques (blasts 14A and 14B). (See the abutment blasting

summary, Table 2, for pertinent blasting data). After blasting on 24

and 30 December 1980, the downstream portion of the abutment above the

existing ground surface was mucked out using a CAT D-9H (photo 65). By
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12 January, the area had been roughly cleaned. Not only had blasted

material been removed, but also whatever could be dislodged by the

dozer. In some areas the excavation was 4 to 5 feet below the blast

depth and the projected "top of rock." The average surface elevation

was 8 feet below the original ground. It still was not possible,

however, to ev.aluate the nature of the abutment surface because of the

covering of loose rock and powdery, sandy silt and caliche.

Exploratory Drilli~

3.34 The excavation had been deep enough to encounter the top of rock

as projected from the abutment and outlet alinement core holes. Only in

isolated areas toward the top of the abutment, however, was there any

indication of a typical bedrock surface. In these areas, the angular

basalt (latite) clasts were tightly bound in a cemented, clastic matrix

(photo 66). A detailed cleaning was required to properly evaluate the

abutment surface and determine if a suitable foundation had been

uncovered. It was decided, however, to postpone this cleaning until

after exploratory drilling in the hope that, by closely monitoring the

drilling action of a rotary percussion airtrack drill, it would be

possible to determine the nature of the underlying foundation and if a

change wo.uld be encountered with additional excavation.

3.35 Twenty holes were located on a grid 50x25 feet between station

10+50 and 13+00 in the excavated downstream area. .On 16 January, 17

holes were drilled to a one-"steel" depth, approximately 11 feet, and 3

holes to two-steel depth, approximately 23-1/2 feet. The rate of

drilling resistance was qualitatively classified as (1) hard, (2)
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moderately hard, 0) moderate, (4) moderately soft or (5) soft. The·

differences between hard and soft were obvious. Gradations in-between

were less distinct. The time required to drill 10 feet varied from less

than 1 minute to more than 2 minutes. The exploratory drilling had the

following results:

a. Uniform hard drilling was not encountered for .the full depth in

any holes.

b. Sixty-five percent of the drilling was hard and 31 percent

moderately soft to soft.

c. Soft zones of 5-1/2 and 6 feet in thickness were encountered

with the average thickness of 2 feet.

d. Hard zones up to 12 feet thick were encountered with the

average thickness of 2.7 feet.

e. Uniform hard drilling was not encountered below any particular

depth or elevation.

f. Very generally, harder drilling was encountered higher up on

the abutment.

The conclusions reached from this exploratory exercise were· twofold.

a. The nature of the "bedrock" would not change appreciably with

increased depth (up to at least 10 feet and possibly deeper).

b. The bedrock foundation would consist of both hard volcanic rock

blocks and softer clastic infilling.
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Photo 60
Surface stripping of overburden from
right abutment using 'cAT D-9G.
Boulders to 4-foot maximum dimension
In muck pile. (9 Dec 1980)

Photo 61
Right abutment after stripping with
<;lozers; only 1 to 2 feet removed. Note
talus blocks on untouched portion of the
abutment. Area of subsequent test blast
at extreme left center of photo.
(15 Dec 1980)
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Photo 62
Five·foot·diameter basalt block swept
clean of dust and rubble as exposed in
test blast area before drilling. Approx.
station 12 + 00, 50 feet right of
centerline. (15 Dec 1980)



Table 2. Abutment blasting summary
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11 16Dec80 11+80-12+20 8'-10' 3" 7'x7' 3' 45011 8 65 454 1.0 Test blast; 20'x40' area, 50 feet right
of centerline.

14A 24Dec80 12+00-13+00 4'-10' 3" 7'x7 ' 2 ' 206211 13 182 2079 1.0 Lower half of downstream blasting.

14B 30Dec80 10+50-12+00 8'-10' 3" 7'x7' 3' 3434/1 15 222 4171 0.7 Upper half of downstream blastin8.

20A 4Feb8l 11+99-12+97 6'-12' 3" 7 'x7' 4' 509311 15 325 5681 0.9 Holes above station 12+48 drilled 3 feet
deeper than calculated depth to bedrock.

20B 12Feb8l 11+22-11+92 10'-12' 3" 7'x7' 4' 400011 15 272 4525 0.9 All holes drilled 3 feet deeper than
calculated depth to bedrock.

19A 12Feb8l 10+66-11+15 10'-12' 3" 7'x7' 4 ' 220011 13 176 2488 0.9 All holes drilled 3 feet deeper than
calculated depth to bedrock.

19B 12Feb8l 9+68-10+59 10' 3" 7'x7' 5 ' 303811 15 210 3928 0.8 All holes drilled 3 feet deeper than
calculated depth to bedrock.
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Photo 63
Right-abutment test-blast area im
mediately after shot (blast no. 11). Note
large size of rock blocks dislodged;
several are 5 feet in maximum dimen
sion. (15 Dec 1980)

Photo 64
Bottom of test-blast excavation after
mucking with dozer and rough cleaning
with shovel and broom. Note 6x7V>-foot
rock mass in center foreground appar
rently surrounded by loose infilling.
(17 Dec 1980)
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Photo 65
CAT D-9H mucking-out downstream por
tion of right abutment excavation after
blasts nos. 14A and 14B. Dozer working
at station 11 + 00. (8 Jan 1981)



Detailed Cleaning

3.36 In order to inspect the foundation conditions near the stripping

elevation (approximate existing bedrock surface as shown on amended pl.

12) and to assess the degree of difficulty in preparing the surface, a

section 40x40 feet was cleaned in detail. The area was between stations

11+50 and 11+90, 35 to 75 feet right of centerline. A backhoe and hand

labor were used to perform the work (photo 67), which was completed on

20 January 1981.

Upstream Excavation

3.37 After the exploratory drilling and inspection of the cleaned area

of 40x40 feet, the contractor was granted approval to loosen the

overburden from the remainder of the abutment using the previously

demonstrated drilling and blasting techniques (photo 68). Originally,

it was planned to drill and shoot to the projected top of rock as shown

on the contract plans. Since in certain areas this would have involved

excavation of only a couple of feet, however, the contractor was

directed to drill all holes three (3) feet deeper than the surveyed and

computed depth to bedrock up to a maximum total depth of twelve (12)

feet. The reasons for the directed change were as follows:

a.Deeper holes would allow for more effective loading and

stemming.

b. A more uniform drilling depth (12-foot maximum) would

facilitate drilling operations.
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c. Increased depth of excavation wOQld only serve to improve the

quality of the ultimate foundation since the competence of the

infilling material seemed to improve slightly with increased

depth.

d. Relogging of several holes, especially toward the upstream end

of the outlet works, indicated th~t the top of rock might be

lower than originally believed.

3.38 Four separate blasts (photo 69) were conducted between 4 and 13

February 1981 on the upstream portion of the abutment. They were

designated 199A, 19B, 20A, and 20B. A 1x1-foot pattern with powder

factors between 0.11 and 0.95 was used. (See the Abutment Blasting

Summary, table 2, for details.) The results of these blasts were the

same as for the downstream blasts. The surficial "0 verburden", which

consisted of large, angular to sub-angular, volcanic blocks in a sandy

silty matrix, were effectively dislodged (photos 10 and 11). As before,

the loosened material was moved down the abutment by D-9 dozers and

stockpiled for later use as backfilling material along the upstream toe

of the dam (photo 12 and amended pl. 14). (See photo 13 for a panoramic

view of the abutment after mucking with dozers.)

Headwall Slope Blast

3.39 After the rough dozer excavation was completed, the contractor

began further cleaning of the abutment using a backhoe and hand labor.

The contractor was instructed to remove all loose or broken rock from

the surface in the area of the grout curtain as specified in Section 2D
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5.2.1. of the contract. This work was begun at the top of the abutment

near station 9+68 in an area of shattered and cindery rock (photo 74).

The condition of the rock was due in part to the nature of the rock mass

in this area and in part to the effects of blasting. A review of post

blast report no. 19B indicates that holes near the centerline at the top

of the abutment were drilled and shot as much as 7 feet below the

calculated depth to bedrock instead of 3 feet as directed. (See para

graph 1.37.) Regardless of the cause, the subsequent removal of loose

and broken rock resulted in an oversteepened slope at the head of the

abutment excavation (photo 75). Therefore, the contractor was

instructed to slope back the headwall on a 1:1 slope to facilitate later

foundation treatment and material compaction in the area of the core

contact. The contractor drilled pre-split holes on 3-foot centers and

shot the headwall with pre-split stick powder (photo 76). The blasting

succeeded in laying back the slope at the specified angle. However,

subsequent backhoe and hand cleaning of the loose, cindery rock again

caused a somewhat oversteepened final slope. The angle was not as

extreme as before the blast and was judged to be suitable for material

placement after appropriate foundation surface preparation.

AbutmentlDental Excavation

3.40 After all the blasting had been completed, the surface was still

covered with rock debris and dust. Individual volcanic blocks up to 3

feet in dimension were loose enough to be removed by a small backhoe.

The removal of these loose blocks and the surficial debris could not be

accomplished by the heavy equipment (dozers or front-end loaders)

because of the irregularity of the abutment foundation surface.
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Photo 66
Rock sample from surface of abutment excavation at station 10+ 50 (approx
imately 9 feet below original ground surface). Note the intimate bond between the
clastic tuffaceous infilling and the angular latile clast. (10 Jan 1981)

Photo 67
Start of backhoe and hand cleaning of 40x40-foot inspection area on right abut
ment. Stake at extreme left center of photo is at station 11 +50, 75 feet right of
centerline. Note relief already developing. (15 Jan 1981)

82



Photo 68
Drilling production blast holes on
upstream portion of right abutment at
stations 12+35 and 11 +85; 3-inch holes
on a 7x7-foot pattern. (3 Feb 1981)

Photo 69
Blast no. 20A at right abutment; stations
11 + 99 to 12 + 97, upstream portion of
abutment. First of four separate blasts.
(4 Feb 1981)

Photo 70
Results of production blast no. 20A at
right abutment. Note previously ex
cavated downstream portion of abut·
ment at left. (4 Feb 1981)
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Photo 71
Close-up view of back slope (station 11 +99) resulting from blast no. 20A at the
right abutment. Note varied size of generally sub-angular basalt blocks; several
are larger than 4·feet in maximum dimension. (4 Feb 1981)

Photo 72
Oversize volcanic blocks excavated from right abutment (at right) were used as
backfill in the trench along the upstream toe of the dam. Grader seen leveling
bedding stone in trench at station 117 + 00 prior to placement of backfill stone.
(26 Mar 1981)
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Photo 73
Panorama of right abutment after blasting and stripping with dozers. Drill at left
in position for outlet works test drilling and blasting. Area of detailed cleaning,
40x40.. feet, just to right of drill. Note grey tone at upper right portion of excavation
and brown tone at lower left (basalt vs. infilling). "Dental" excavation already
underway at top of stripped area. (6 Mar 1981)



Photo 74
Broken and cindery rock mass exposed
in original slope excavation at top of
right abutment. (12 Mar 1981)

Photo 75
Steep headwall excavation at top of
abutment prior to sloping back at 1:1.
(12 Mar 1981)
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Photo 76
Muck pile from headwall slope blast at
top of right abutment. Note variety of
sizes of the sub-angular basalt blocks.
(25 Mar 1981)



The contractor, therefore, used backhoes and hand labor to perform the

final phase of the abutment excavation (photo 77). Since this was not

considered by the contractor or the Contracting Officer to represent

"normal" abutment excavation, the quantity of material removed in this

manner (as determined by surveys) was considered to be dental excavation

(amended pl. 13, cross section at station 10+00). As a result, the

amount of dental excavation for the entire project exceeded 5700 cubic

yards; 38 times the pre-construction estimate.

3.41 The contractor excavated the entire abutment surface above the

outlet works trench between 9 March and mid-April 1981. Similar

"dental" excavation techniques were used on the abutment below the

outlet works (photo 78) after the conduit had been constructed and the

trench backfilled. Excavation began on 13 August, and the lower

abutment was approved for grouting on 29 August. (See fig. 5 for an

aerial view of the status of abutment construction on 5 September 1981,

showing the abutment excavation, completed outlet conduit, and

explora tion.)

3.42 At the upstream edge of the lower abutment, the contract plans

called for excavation to rock down to elevation 1332.7 (amended pl. 13).

Due to the blocky nature of the rock surface, some excavation below this

elevation was required to remove loose rocks and pockets of debris gene

rated from cleaning above (photo 79). This over-excavated area was

replaced with compacted core material to elevation 1332.7 after the

unsuitable material had been removed. The 5-foot thick upstream core

blanket was ultimately placed on top of this backfilled and compacted

area.
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Photo 77
Backhoes being used to perform
"dental" excavation on right abutment
surface. Note irregularity of cleaned sur
face at left, and muck from headwall
slope blast at top of excavation.
(26 Mar 1981)

Photo 78
Three small and one large backhoe and
laborers being used for lower
abutment/dental and exploration trench
excavation. Note grout plant set-up on
completed outlet works conduit.
(19 Aug 1981)
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Photo 79
Upstream edge of abutment/alluvium
contact below outlet works (backfill at
lower right). Rock debris and loose soil
was removed below elevation 1332 and
replaced with compacted core material.
(28 Sept 1981)



Figure 5. Status of Abutment Construction on 5 September 1981.
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GEOLOGY

3.43 As stated previously, the foundation surface at the right abutment

was expected to be a fractured basalt (latite) with infilling of fine

grained ash. The surface was anticipated to be somewhat irregular and

uneven. A more regularly and more highly jointed andesite was believed

to underlie the basalt; and because of the cleaner and more numerous

fractures, the andesite was expected to be more permeable than the

infilled basalt. Along portions of the flanks of this volcanic

sequence, a tuffaceous agglomerate (QTt) was the expected foundation

rock. In retrospect, the actual geologic conditions encountered were

substantially as expected. Initially, however, identification of the

bedrock "surface" was difficult because the magnitude of the physical

characteristics of the basalt was underestimated. There was a greater

percentage of infilling to basalt than expected (photo 80) and the

individual basalt blocks were larger than invisioned, creating a very

irregular and uneven surface (photo 81 and amended pl. 13, cross section

at Sta. 13+20). The permeability of the underlying andesite was also

underestimated. This caused much higher grout takes than anticipated.

Lithologic Units

3.44 In the original contract plans, the basalt and andesite were

collectively referred to as QTv, Quaternary/Tertiary volcanics. The age

determination was based upon the Geologic Map of Maricopa County,

Arizona, published in 1957. More recent information, however, suggests

that the volcanics were probably deposited during the mid-Tertiary

Orogeny and are approximately 20 million years old (Eberly and Stanley). 1

1. Eberly, D., and B. Stanley. "Cenozoic Stratigraphy and Geologic
History of Southwestern Arizona," GSA Bull., 89, pp. 921-40, June 1978.
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They will, therefore, be collectively referred to as Tv. The basalt and

andesite will be designated Tvb and Tva, when appropriate, to emphasize

their different geotechnical properties. The "tuffaceous agglomerate"

(QTt) will retain its Quaternary/Tertiary age but will be symbolized QTa

for reasons discussed in the description of the unit. Amended plates 1

and 3 have been changed accordingly.

3.45 AGGLOMERATE. The agglomerate unit at the right abutment (QTa) is

very similar to the agglomerate at the northeast end of the spillway

excavation. At the abutment, only the surface of the unit was

uncovered. Its thickness and lateral extent can only be postulated from

the limited exposures and from drill holes D-1, D-14, and D-39 in which

between 4 and 7 feet were cored. As with the agglomerate at the

spillway, the unit could and has been classified as: (1) calichified

breccia, (2) cemented colluvium, or (3) tuffaceous agglomerate. The

term agglomerate will be used to provide continuity with the spillway

nomenclature although the unit at the abutment is probably best

described as a calichified colluvium or breccia. The unit symbol was

changed from QTt (in the original contract plans) to QTa because it is

more an agglomerate (as opposed to conglomerate) than it is a tuffaceous

deposit. It was exposed during foundation preparation in the core

trench at the base of the abutment between stations 13+60 and 13+86

. (amended pl. 3 and photo 82). It was also exposed and prepared as a

foundation for the outlet works' slab between stations 71+75 and 71+50.

The unit is characterized by sub-angular to sub-round, somewhat

heterolothic, volcanic clasts in a cemented calcium carbonate-rich

matrix. Where exposed at the surface, it is very well cemented. Core
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recovered from D~39 and the grouting at the base of the abutment further

suggest that it is a competent foundation material for both the dam

embankment and the outlet works' energy dissipator. There are no

indications of uncementedorpoorly cemented layers at the base of the

unit which are indicative of the agglomerate in the spillway.

3~46 BASALT. The volcanic unit exposed at the surface of the excavated

abutment is Tvb, Tertiary basalt. The basalt classification is actually

a misnomer and was originally based on a field description of the dark

grey, vesicular, extrusive rock. A core sample of the rock (D-24, 15.0

to 15.6 feet) was classifed by the SPD laboratory as a vesicular

latite. The rock changes very gradually, apparently with depth, to what

is mineralogically classified as andesite. The critiera for igneous

rock nomenclature is based primarily upon the relative percentage of the

various feldspar minerals. Chemical distinctions between latite

andesite-basalt can be very slight and generally are not significant.

Therefore, the mineralogically incorrect but more widely recognized term

"basalt" will be used to identify the upper volcanic rock unit at the

abutment. The rock is dark grey and weathers to a distinctive dark

brown/black characteristic of the talus blocks covering the surface of

the Hedgepeth Hills. It is both vesicular and porphyritic with a fine

grained groundmass rich in andesine (photo 83). Feldspar phenocrysts

and megacrysts are common as are discrete xenoliths of aphyric lava.-

The intermediate chemical composition, high crystal content, and

vesicular nature suggests a high viscosity lava (Sheridan, attachment

1). The high viscosity of the lava created a locally brecciated and

generally blocky flow.
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3.47 Block Flow Structure. The basalt block flow is exposed for the
)

full width of the abutment excavation from the very top (station 9+37)

to station 13+60 in the core trench. The extent of the flow away from

the abutment is unknown. Similar block lava, however, is present

locally as a cap on the Hedgepeth Hills and as widespread talus on the

slopes. The flow, therefore, was evidently quite extensive. At the

abutment it can be divided into two distinctive sections based upon the

regularity of the flow structure. On the upper half of the abutment.
(generally above station 11+20), the flow is typified by near vertical

cooling joints. Two joint sets predominate; one steeply dipping in the

direction 1350 and the other in the direction 2100 • Some joints, up to

3 feet wide, contain broken and brecciated rock. Most, however, are

relatively smooth and regular and show separation between the blocks .of

1 to 3 inches.

3.48 On the surface of the flow, below an irregular, north-south

trending "contact" near station 11+20, the distincti ve jointed

structure, for the most part does not exist. Instead, the abutment

surface has the appearance of large, randomly oriented volcanic

blocks. In one area located in the vicinity of station 11+30, 30 to 70

feet right of centerline, the jointed "structure" was identified. The

area,. however, remains an "island" in an otherwise structureless area.

Indistinct lineations can be traced for short distances only to be

terminated by large intact blocks. Even in the floor and walls of the

outlet trench excavation, lineations and apparent joint structures are

discontinuous and very poorly developed. The reason for the structural

dissimilarity is unknown, but is possible that the jumbled lower
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abutment represents a disrupted fault block or slide. It is more likely

that the lower abutment is either the leading edge or margin of the

highly viscous flow. (See pl. 2 for an aerial photograph of the

excavated abutment and the superimposed structure at the basalt unit.)

3.49 Infilling Material. The exploratory drilling performed during

excavation of the abutment indicated that approximately 30 percent of

the near surface abutment foundation consisted of material which was

softer than the hard volcanic blocks. For most of the area, from

station 10+00 to 13+20, this relatively soft material is a light brown,

slightly indurated, lithic ashy sand. It occurs as infilling between

the basalt blocks and in the subvertical joints. In the "jumbled" area

on the lower portion of the abutment, the relative amount of the

infilling to basalt blocks is the greatest. In certain areas the

exposed apparent thickness was as much as 3 feet (photo 84). The

infilling is tightly bonded to the basalt blocks (photos 66 and 80) and

completely permeates the block flow mass. The nature of the infilling

was well exposed during excavation of the outlet works trench. No voids

or continuous loose areas were observed during repeated detailed

inspections. On the abutment surface, the material appears to be

unstratified and rather chaotic (photo 80). In the outlet works trench,

however, thin stratification and occasional contorted or wavy bedding

was noted (photos 85 and 86). Differing textures (photo 87) and

occasional offsets within the infilling (photo 88) suggest several

periods of infilling along with possible mass movements within the rock

mass.
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3.50 Because of the magnitude of infilling and its importance as a

foundation material, an expert volcanologist, Dr. Michael Sheridan of

Arizona State University, was contracted to determine the genesis and

probable continuity of the infilling (attachment 1). Using techniques

such as mechanical grain size analysis and electron microscopy as well

as field observation, he believes the sands, which were transported by

wind, to be volcanic in origin, probably from a nearby source. They

were deposited into the blocky surface of the flow, which acted as an

excellent trap for the material. The sands were later or simultaneously

reworked into the flow mass by water, which also deposited calcium

carbonate and minor ~eolite cement. Dr. Sheridan believes the sandy

infilling probably continues throughout the blocky part of the flow.

This interpretation is supported by visual evidence in the outlet

trench, pre-construction core borings, and permeability tests (pre

construction and during grouting).

3.51 Since the infilling material forms a significant percentage of the

abutment surface, various samples were tested to assess its suitability

as a foundation material. Undisturbed, representative samples were

excavated from the abutment foundation (photo 89) and sent to SPD

laboratory as well as to a local laboratory (Engineers Testing

Laboratories, Inc.). Tests included: gradation, in-place density,

specific gravity, consolidation, dispersive soils, soluble salts, and

permeability. The results are inclosed as attachment 3 to this

report. Generally, they indicate the infilling to be a dense,

relatively incompressible, relativey impervious, nonsoluble silty

sand. Additional samples were allowed to soak in water for periods
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varying from 24 hours to several months and showed no breakdown even

though the material in the dry state is somewhat to extremely friable.

Based upon the test results and visual observations, the tuffaceous

sandy infilling exposed on the abutment surface from approximately

station 10+00 to 13+20 was determined to be a suitable foundation

material (attachments 3 and 4).

3.52 At the uppermost part of the abutment, above approximately station

10+00, the infilling w~s not evident at the surface (see para. 3.39,

headwall slope blast). Significant amounts of the tuffaceous sand were

likewise not encountered in pre-construction core hole D-23 until

elevation 1367 and not until elevation 1365 in exploratory grout hole

9+69.5E. In addition to the lack of infilling material, the rock in

this area was more fractured and locally crumbly; therefore, open

fractures and joints several inches wide were present in the abutment

foundation. The area required extensive pressure grouting to a 20-foot

depth below the abutment surface and was eventually covered with dental

concrete.

3.53 At the lower portion of the abutment, between the agglomerate and

station 13+20, the tuffaceous infilling was also not exposed at the

surface. Instead, the spaces between the blocks are filled with

alluvial sediments consisting of cobbles, gravel, and sand in a clay

matrix (photo 90). Isolated patches rich in calcium carbonate are

present. This area was not excavated to the same relative depth as the

remainder of the abutment because no blasting was performed east of

approximately station 13+00. (The limit of blasting shows on pl. 2 as a
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lineation near station 13+10). It is believed that the tuffaceous sand

infilling is present between the blocks a couple of feet below the

surface. The allu vial infilling was and is considered to a suitable

foundation and, therefore, was not removed. The clay matrix was stiff

and tightly bonded to the volcanic blocks. The alluvial infilling was

not continuous in a direction transverse to the dam axis and existed in

isolated pockets adjacent to the massive basalt blocks.

3.54 ANDESITE. The andesite unit, Tva, was not exposed anywhere on the

abutment. It was encountered in pre-construction core holes D-1, D-9,

D-10, D-11, and possibly D-12 and D-13 (photo 91). It was also cored

during the drilling of exploratory grout hole 13+01E. As mentioned

previously, it is gradational with the basalt (latite), which it

underlies, and may be a portion of the same flow event. Minera

logically, the two rocks are very similar. The andesite was classified

as such by petrographic analysis of a core sample from D-11 at a depth

of 34.8 feet. The rock is typically light to medium grey and fine

grained. It is non-vesicular and very slightly porphyritic with

occasional small zenoliths. As a rock mass, it is more regularly

jointed than the overlying basalt and moderately to highly fractured.

Some cracks are rehealed with calcium carbonate and others are filled

with minor amounts of tuffaceous sand. As a rule, however, the

fractures are open and can transmit large volumes of water. During

grouting and pre-construction exploratory drilling, circulation losses

were common. The large volume of interconnected open fractures was

evidenced by the fact that holes drilled into the andesite would

"breathe"; they would blowout air during the hot afternoon hours and
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suck in air during the cooler morning hours. It is believed that the

pervious, fractured andesite does not have continuity with surface air

and that the "breathing" is due to thermal expansion and contraction of

air entrapped in the fractured rock mass. Reanalysis of cores from

holes D-12 and D-13, near the upstream and downstream toes of the dam,

respecti~ly, indicate that the basalt/andesite contact may be present

near elevation 1290 or 40 feet below the base of the dam. (See fig. 6

for a geologic cross-section at station 13+20.)

3.55 The magnitude of the andesite rock mass porosity was best

exemplified during the inundation of pre-construction drill hole D-11,

which is at station 13+20 on the right side of the dam centerline. (See

amended pl. 11 for the location and profile of the hole.) The hole was

drilled to a total depth of 65.7 feet (elevation 1275.6), with the lower

35.7 feet drilled through the andesite unit. The hole should have been

backfilled with thick grout after drilling. The drilling contractor,

however, only backfilled the upper portion of the hole; and when the

overburden was removed during construction, it exposed an open 3-inch

hole. Initially, the hole went unnoticed until 9 September 1981 when a

portion of the lower abutment was flooded during a summer storm (photo

92). The location of the hole was then indicated by a small whirlpool

(photo 93). It was estimated that the maximum elevation of the flood

pool was a couple of feet above the orifice and that 5000 cubic feet of.

water was drawn into the hole before the lake was pumped dry. SUb

sequently, strong air movement was noticed in and out of the hole even

though some debris had accumulated in the bottom.
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Photo 80
Example of pervasive tuffaceous, silty
gravelly sand infilling between and
around the sub-angular latite blocks as
exposed in the initial detailed cleaning
area in the downstream portion of the
abutment excavation. (20 Jan 1981)

Photo 81
Area of 40x40·feet in downstream portion
of abutment excavation after detailed
hand cleaning and air blowing. Note ir
regularity of cleaned surface. Photo
taken from station 12 + 00 at centerline.
(20 Jan 1981)
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Photo 82
Well-indurated agglomerate exposed at
base of abutment excavation (in explora
tion trench) between stations 13 + 60 and
13 + 86. View looking downstream (sta
tion 13+60 at right). (9 Nov 1981)



Photo 83
Detail of vesicular basalt (Iatite) and tuf
faceous infilling as represented in core
hole 0-38 (downstream end of outlet).
Note phenocrysts and zenoliths in the
fine grained, vesicular groundmass and
the intimate association of the infilling
material. (29 Mar 1982)

Photo 84
Typical example of "structureless" block
flow with abundant and thick accumula
tions of well-indurated clastic tuffaceous
infilling, as exposed at the top of the
west slope in the outlet trench at sta
tion 75 + 00. Overhang at lower left was
treated with dental concrete during
trench backfilling. (20 May 1981)
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Photo 85
Example of intimate association of thinly
layered and massively bedded infilling
with the volcanic blocks. East slope,
outlet station 73 + 90. (20 May 1981)



Photo 86
Contorted bedding structure developed
in sandy, tuffaceous infilling. West-side
outlet works' trench at station 73 + 40.
(21 May 1981)

Photo 87
Differing textures within tne Inlliling.
Material at right is finer grained with ap
parent shears while material at left con
tains angular rock chips and is more
structureless. Both are well-indurated.
Photo taken in bottom of outlet trench
excavation. (20 May 1981)
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Photo 88
Very thinly stratified tuffaceous sand
with offsets along distinct shear planes.
White layer in center of photo is very
fine, soft, uniformly graded sand. Floor
of outlet trench at station 74+62.
(20 May 1981)



Photo 90
Typical example of alluvial infilling ex
posed between stations 13 + 20 and
13 + 35 on lower abutment surface. Note
rounded gravel and cobbles in fine grain
ed (clayey) matrix. (9 Nov 1981)

Photo 89
Sample of representative infilling sent to

• ETL for testing. Station 11 +56, 42 -feet
right of centerline, elevation 1362.7. Note
sub-angular, cobble.size rock fragment
Imbedded in sample. (23 Jan 1981)
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Photo 91
Detail of core from hole 0-13
(downstream side of embankment). Note
vesicular basalt above 37-feet, and fine
grained, re-healed andesite? below
47.5-feet. (9 June 1982)
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3.56 The log of the hole and the core from the hole did not suggest

anything but highly fractured andesite. It was feared, however, that

the very bottom of the hole might have encountered a large "cavity." In

order to explore for such a void, a rotary percussion air-track drill

was used to deepen the hole 6 feet to elevation 1269.5. During drilling

there was no indication of a large void (rod drops). The drilling was

indicative of highly fractured rock. During subsequent pressure

testing, the hole accepted the maximum capacity of the pump (30 GPM)

without building any back pressure •. While drilling and pressure testing

of nearby grout holes, no communication was established with D-11. Like

wise, attempts to establish communication using smoke bombs were also

unsuccessful (photo 94). Regardless, it is still believed that the high

water losses and high grout takes in the andesite are the result of a

porous rock mass with at least some interconnection between the

fractures. The rock mass probably do~s not contain voids or cavities of

large dimension and is covered at the abutment by the basalt block flow.

Geologic Structure

3.57 Other than the previously discussed structure within the basalt

block flow, the geologic structure at the right abutment can only be

inferred from isolated surface exposures and core hole data. As

depicted in plan and profile on amended plate 3, it appears that the

basalt block flow, Tvb, is in gradational contact with the andesite,

Tva, and the contact at depth follows the surface topography. The

agglomerate, QTa, has limited occurrence along the margin of the block

flow.
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~ . .
f -j. I. / Photo 92

Lower portion of right abutment Inun
dated by summer rain storm when diver
sion dike was overtopped. Maximum
water elevation approximately 1339.
(9 Sept 1981)

Photo 93
Whirlpool developed over D-11 when
lower abutment was flooded. An
estimated 35,000 gallons of water flowed
Into the hole. (9 Sept 1981)
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Photo 94
Attempting to establish communication
between D-11 and second-stage grout
holes using red smoke bomb. Attempt
was unsuccessful. (29 Sept 1981)



3.58 No faulting was identified at the abutment other than the large

scale movement suggested by the steep contact between the older alluvium

and the abutment bedrock. Such large-scale faulting would be associated

with long-quiescent Basin and Range tectonism. The significance of the

irregular and indistinct "contact" between the more regularly jointed

block flow and the jumbled block flow exposed lower on the abutment

remains unknown. If the lower portion of the abutment has moved, either

by faulting, uplift, or sliding, in relation to the upper area, such

movement is believed to be ancient and possibly contemporaneous with the

late Tertiary volcanism.

FOUNDATION TREATMENT

,.59 The foundation treatment of the right abutment consisted of

surface preparation prior to placement and compaction of embankment

materials and subsurface pressure grouting. Surface preparation was

required in order to (1) remove materials which might provide a seepage

path along the foundation/embankment interface and (2) create a

relatively uniform surface to facilitate compaction of embankment (core)

material. The grouting was required in order to explore the subsurface

geologic conditions as well as to create a relatively impermeable

curtain under the core of the dam. The curtain will reduce near surface

seepage through the abutment and increase the travel path for whatever

seepage might occur. Both the surface preparation and the grouting, as

designed and implemented, were more than adequate to satisfy these

requirements. The short duration of maximum flood pool and the
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conservative embankment design,which includes an upstream core blanket

and downstream gravel drain, also add to the protection against abutment

related seepage problems.

SUrrace Preparation

3.60 The preparation of the abutment surface as a suitable foundation

involved (1) cleaning, (2) dental concrete, and (3) slurry grout. Also,

specialized material placement techniques and procedures were followed

to insure the best possible foundation/embankment bond.

3.61 SURFACE CLEANING. Since the tuffaceous infilling between the

bas~lt blocks had been determined to be suitable foundation material,

the surface cleaning consisted primarily of excavating only soft

infilling from the fractures and removing dirt.and loose rock fragments

from the remainder of the surface. Even the most competent infilling

material was friable; and it would have been possible, but unnecessary,

to clean each fracture to a depth at least three times the width as

required under section 2D,paragraph 5.2.1. of the contract speci

fications. Instead, each fracture or pocket of infilling was "raked"

with a rock pick as necessary to loosen the surface and expose competent

material (photo 95). Pockets of loose rock were removed with shovel and

broom (photo 96). Each area was then blown clean using a high pressure

air hose (photo 97). Before any further surface treatment or placement

of embankment materials, the entire abutment surface was inspected and

approved by Engineering Division, Geotechnical Branch personnel as the

cleaning, treatment, and placement proceeded up the abutment.
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3.62 SURFACE TREATMENT. Originally, under the core and core blanket,

the plan was to treat deep cracks and small overhangs (photo 98) with

slurry grout. Dental concrete was to be used in isolated deep

depressions (photo 99) in lieu Qf hand placement and compaction of core

material. The foundation under the downstream random shell and gravel

blanket had no requirement for cleaning other than removal of debris and

thick accumulations of dust and dirt from the bedrock surface. (As

recommended by technical experts O'Neill and Sciandrone, attachment 4, a

filter blanket of sand was added beneath the gravel drain on the abut

ment (photo 100) to preclude migration of the fine infilling material

into the drain). (See amended pl. 13.) After portions of the lower

abutment had been treated in this manner, the remainder of the founda

tion under the core and core blanket was essentially covered with dental

concrete (photos 100 and 101). This was done instead of hand compaction

within the deep depressions and to facilitate equipment placement and

compaction over the originally irregular surface. The final abutment

surface, especially above the outlet works' conduit, resembled islands

of basalt in.a sea of concrete (photo 102).

3.63 Dental Concrete Placement. The areas in which dental concrete was

placed were cleaned as previously described and wetted immediately

before the concrete was poured (photo 103). A crane bucket was used to

place the low-slump, 3/4-inch, 1000-lb/in2 minimum, concrete, which was

then adequately vibrated, especially along the rock contacts (photo

104). Feather edges were avoided and a 6-inch minimum thickness

criteria was followed. The surface was screen-tamped to provide a rough

texture which .facilitated bonding with the core material. Surface
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irregularities were maintained as much as possible while still allowing

efficient equipment compaction. A total of 910 cubic yards of dental

concrete was used at the right abutment. (See photos 105 and 106 for a

comparison of abutment surface before and after dental concrete

placement.)

3.64 Slurry Grout. Because of the extensive amount of dental concrete

utilized, only 34 cubic feet of slurry grout was placed. A thick mix

consisting of one part sand to one part cement was mixed by hand (photo

107) and placed in cleaned and wetted cracks (photos 108 and 109). Most

cracks above the level of dental concrete were filled with wet-of

optimum core material instead of slurry grout. The material was

squeezed into the spaces during compaction with a front-end loader.

Cracks treated in this way were located within individual rock blocks

and did not have any lateral continuity.

3.65 Embankment Placement. Although the placement and compaction of

the core material on the abutment is not a part of the surface treatment

per se, the two must be compatible in order to insure a suitable

abutment/embankment bond. Therefore, the procedures used, approved, and

supervised by Geotechnical Branch personnel will be briefly discussed.

Core material was placed and compacted as follows.

a. A Caterpillar 980C front-end loader placed 6-inch to 1-foot

lifts of select wet-of-optimum core material on the cleaned and

wetted abutment surface or on previously compacted and scarified

material (photos 110 and 111).
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Photo 95
Laborer using rock pick to remove loose
infilling material from cracks prior to air
cleaning. Station 10+85,25 feet left of
centerline. (17 Mar 1981)

Photo 96
Laborers using shovels and brooms to
clean areas delineated for dental con
crete on lower portion of right abutment,
station 13 + 50. Bottom of exploration
trench at upper left. (3 Nov 1981)
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Photo 97
Typical air cleaning operation using
2-inch air hose and nozzle and 850CFM
compressor. Note how small cobble-size
rock fragments are easily blown away.
Photo taken during cleaning of floor of
outlet trench prior to placement of level
ing slab. (20 May 1981)



Photo 98
Typical slurry grout placement in small
crack/overhang on lower abutment sur
face, station 12 + 60. Note abundant den
tal concrete in surrounding areas.
(9 Nov 1981)

Photo 99
Portion of freshly placed 16 cubic yards
of dental concrete below station 13 + 30
on lower abutment. Note grout nipples
diagonally across photo from lower left.
(4 Nov 1981)
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Photo 100
Status of embankment construction at
right abutment on 18 Nov 1981. Core
blanket has been placed up to outlet
conduit; mass dental concrete covers
lower half of exposed abutment; sand
filter material placed downstream from
dental concrete. (18 Nov 1981)



Photo 101
Portion of 100 cubic yards of concrete
freshly placed between stations 11 + 00
and 10 + 50 under core blanket portion of
abutment. (16 Nov 1981)

Photo 102
Dental concrete placed between stations
10 + 20 and 9 + 70. Sand filter blanket at
top of photo, core material at upper left.
(3 Dec 1981)
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Photo 103
Typical area cleaned, wetted, and ready
to accept dental concrete. Area at top of
photo has not yet been air-cleaned.
(29 Sept 1981)



Photo 104
Initial placement of dental concrete on
the lower abutment surface. Note clean
ed and wetted surface in foreground and
vibrator being used along the rock con·
tact. Note drilling and pressure testing
for grouting at upper right.
(29 Sept 1981)

Photo 105
Area on abutment between sta·
tions10+50 and 10+75 along grout cur·
tain (note grout nipples), cleaned, wet·
ted, and ready for dental concrete.
(24 Nov 1981)
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Photo 106
Same area as shown in photo 105 after
placement of several loads of dental
concrete. Note screen tamped surface
texture. (24 Nov 1981)



Photo 107
Mixing grout slurry at a ratio of one part
sand: one part dry ceme[lt (one sack of
cement yielded 1V2 cubic feet of slurry.
(6 Noy 1981)

Photo 108
Applying slurry grout into cleaned and
wetted crack. Grout was worked into
crack using a piece of wood lath.
(6 Noy 1981)
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Photo 109
The finished product after slurry grout
application. Note abundant dental con
crete in surrounding area.
(6 Noy 1981)



b. All the surface was rolled at least eight times using the front

tires of the fully loaded 980C (photo 112). Special effort was

made to compact adjacent to the protruding rocks.

c. A hand-held "Whacker" was used to compact in areas inaccessible

to the loader (photo 113).

d. Each compacted lift was scarified by raking with the teeth on

the loader bucket (photo 114).

e. When a sufficient thickness had been accumulated on the

abutment, it was further compacted with a sheepsfoot roller

. (photo 115).

The same procedure was followed from the bottom of the exploration

trench (photo 111) to the top of the abutment (photo 116). Over 40

sand-cone density tests were conducted on the abutment (photo 117) and a

test pit was hand-excavated in a randomly selected area to check the

core/foundation bonding. The density testing showed an average percent

compaction of 100.7 percent with a moisture content of 2.4 percent above

optimum. The bonding of the core material with the foundation in the

small test pit was observed to be excellent (photo 118).

Subsurface Pressure Grouting

3.66 SPECIFICATIONS/CONTRACT (GENERAL). Specifications for the drilling

and grouting at Adobe Dam were written with close adherence to the guide

specification, CE 1305.1, dated October 1959. (See attachment 5, section·

20 of the Contract Specifications.)· Payment items, estimated amounts and

actual contract prices were as follows:
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Mobilization/demobilization ea. $8,000

Drill exploratory grout holes 100 If. $45/1f.

Drill grout holes 975 If. $15/1f.

Pipe for grout holes 100 If. $3 ea.

Drill set-ups 50 ea. $50 ea.

Wash and pressure test 50 hr. $120/hr.

Grout pump connections 50 ea. $35 ea.

Place grout 200 sacks $30/sack

These estimates comprise approximately 110 percent of the propsed

grouting scheme shown on amended plate 11. Therefore, it was implied

that:

a. 'Twenty-foot primary hole spacing would be adequate above station

11+75.

b. Split-spacing of grout holes would generally not be required.

c. Grout takes would average approximately 0.2 sack per linear foot

of hole.

3.67 In other words, it was assumed that the bedrock foundation was

relatively impermeable and that large grout takes would not be the

rule. These assumptions were based upon the core hole data presented on

amended plate 6. The information from core holes D-9, D-10, 0-11, and

0-23 indicated that the abutment bedrock foundation consisted of 20 to

50 feet of relatively impermeable, fractured but infilled basalt

underlain by highly fractured and relatively more permeable andesite.
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Most of the grout curtain was above the basalt/andesite contact. Even

though the underlying andesite transmitted large volumes of water during
,

pressure tests, the high recovery percentage and the appearance of the

core suggested that the fractures in the rock mass were smooth, regular,

and without significant separation between the joint blocks.

3.68 PRE-HOBILlZATION. W.G. Jaques Company of Des Moines, Iowa, was

selected by the contractor to perform the foundation grouting. Due in

part to the delays in the excavation on the west abutment and in part to

the grouting subcontractor's schedule, the grouting program was delayed

until August 1981. The upper abutment area had been cleaned and ready

to grout since May 1981. The completion of the grouting was on the

critical path of the contractor's scheduled completion of the dam, and

therefore, correspondence between the Government and the Jaques Company

was initiated several months in advance of the expected mobilization in

order to facilitate a timely start and efficient operation. Problems

posed by the irregular abutment surface and the extreme Arizona summer

temperatures were of primary concern. In the correspondence, Jaques

requested and was granted permission to use a Longyear skid rig in lieu

of the CP-8specified to do the exploratory drilling (in actuality for

sake of expediency, a CP-65 drill was used to drill the core holes).

Jaques also proposed locating the grout plant on top of the completed

outlet conduit to do all the abutment grouting, exceeding the 200-foot

maximum distance to some grout holes as specified in section 20.3.4 of

the contract (attachment 5). Logistically it would have been very

difficult, expensive, and time-consuming to locate the plant and deliver

cement within the specified distance. Permission to exceed the 200-foot
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limit, was granted, therefore, even though it was feared that the excess

line length combined with the high expected air temperature could cause

grout to set up in the supply lines. The Geology Section requested that

the subcontractor propose a methodology for collecting and diverting the

drill and wash water in order to avoid undue degradation of the cleaned

abutment. The subcontractor proposed using a flexible hose and PVC pipe

system to divert water away from the abutment. On 24 June 1981, at a

meeting between the prime and sub-contractor and Government

representatives, these and other issues related to the grouting program

were discussed.

3.69 MOBILIZATION. Jaques personnel and equipment arrived' at the site

on 10-11 August 1981. Personnel consisted of a project manager" a

groutinp'; superintendent, a drilling superintendent, and four local

laborers/drillers. Several weeks later the grouting superintendent was

transferred and not replaced. Equipment consisted of two CP-65 drill

rigs, one grout plant, and all required appurtenances. Before any work

was actually begun, a meeting was held between representatives of the

resident engineer, the Geology Section, Sundt, and the Jaques project

manager, Fred Scharmota, and vice president, Dave Butler. The primary

item discussed was the reporting procedure to be followed. Each

morning, the Jaques project manager and the Corps project geologist

would agree upon the payment items from the previous day. This

information was to be summarized by the grouting project manager on a

Daily Shift Report for Drilling and Grouting. In addition, copies of

drill reports for all holes drilled the previous day were to be

transmitted to the Corps. These drill reports included hole number,

118



stage depth, and interval drilled, and driller remarks concerning the

drill action, color, and amount of return water and any unusual

conditions encountered~ In addition to these normally prepared

reports. Jaques would submit daily Summary of Change Work Reports

detailing the amount of extra man-hours required over "normal"

operations because of hook-ups to the waste-water collection system and

transportation of the drills over the rough abutment surface.

3.70 DRILLING AND GROUTIRG (GENERAL). The equipment used, procedures

followed~ and terms defined were, in some cases, not in total agreement

or completely explained in the contract speCifications. (See attachment

5.) These deviations can be summarized as follows:

3.71 Equipment. The following equipment was used.

a. Grout plant (section 20.3.3). A Jaques Over/Under Portable

Grout Plant Model GP-16 was used during all grouting operations. It was

equipped with a 16-cubic-foot mixing tub, an 18-cubic-foot agitator, and

Moyno pump. This plant totally satisfied the specification

requirements. A coarse mesh screen between the mixer and agitator was

used to clean the grout in lieu of the 100-mesh vibrating screen, as

specified in section 20.3.3.6.

b. Gages (section 20.3.3.9). Pressure gages graduated from 0 to 50

Ib/in2 were used to perform all pressure testing and grouting. Gages

with higher pressure capacity were not needed.

c. Grout header (section 20.3.4.1). Jaques used a grout header

substantially the same as that specified except that the pressure gage

was ona vertical extension rather than on an elbow. (See fig. 7.)
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Photo 110
CAT 980C loader "sprinkling" a thin lift
of select and wet-of-optimum core
material on previously compacted and
scarified core material just below the
outlet conduit backfill. Stockpile of core
material at right; crane used to place
dental concrete at left. (16 Nov 1981)

Photo 111
Front-end loader leveling out first lift of
core material against abutment in ex
ploration trench. (9 Nov 1981)
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Photo 112
Fully loaded CAT 980C compacting core
material against abutment in exploration
trench. Note how close tires work
against protruding rocks. (10 Nov 1981)



Photo 113
Laborer using Wacker to compact very
tbin lifts of select core material adjacent
to large protruding rock; dental concrete
at lower left. (16 Nov 1981)

Photo 114
Loader scarifying compacted lift of core
material in exploration trench.
(10 Nov 1981)
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Photo 115
Sheepsfoot tamper compacting material
in exploration trench which had been
previously placed and compacted with a
front-end loader. Representatives of
LADO and SPD geotechnical branches in
specting compaction of material at lower
right. (9 Nov 1981)



Photo 116
CAT 980C loader compacting core
material against extensively dental con
creted area near top of right abutment.
Laborer at left blowing off loose rock
fragments prior to material placement.
(3 Dec 1981)

Photo 117
COE laboratory crew taking sandcone
density test in loader - compacted
core material at station 12 + 65,
32·feet left of centerline. Compaction
at abutment averaged 100.7 percent
@ + 2.4 percent moisture content.
(16 Nov 1981)
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Photo 118
Bottom of hand-excavated test pit ap
proximately 1-foot below the surface at
station 12 + 50,S-feet right of centerline.
Note intimate bond between the founda
tion rock and the core material which
was placed and compacted with the CAT
980C. (17 Nov 1981)
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d. Drills for grout holes (section 5.3). The contractor elected to

use pneumatically actuated, rotary CP-65 drills equipped with EX-size

diamond plug bits. This equipment was in accordance with the specifica

tions. In addition, the drill return water was collected at the collar

of the hole and directed away from the abutment surface through a

flexible hose connection between a 4-inch PVC trunk line and a tee

fitting on .top of the threaded grout pipe.

e. Drill for exploratory core holes (section 20.3.2). The

contractor was allowed to use one of the CP~65 drills to perform the

exploratory coring. Although a skid rig would have undoubtedly yielded

better core, the logistic problems of mobilizing a larger coring rig to

drilling sites on the rough surface were judged to be more critical.

3.72 Procedures. The grouting procedures used are described in the

following paragraphs.

a. Grouting sequence (sections 20.5.1, 5.4.1, and 5.5.6). Grouting

in the section above the outlet conduit (upper abutment) was performed

first. Within each section, grouting proceeded from the bottom up

within a given series of holes. In the upper section, the primary holes

on 20-foot centers were drilled to their full depth before any secondary

holes were drilled (as specified in section 20.5.5.6). In the lower

section, however, the first zone (0 to 20 feet) in both primary and

secondary holes on 10-foot centers was grouted before any holes were

deepened into the second zone (20 to 40 feet) as specified in section

20.5.4.1. The responsibility of redrilling of grout necessary to split

space the lower zone was assumed by Jaques.
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b~ Split-spacing (section 20.5.4.4). Based upon the recommendation

of Alan O'Neill, a technical expert under contract to the Corps, and the

concurrence of SPD and OCE, the upper-zone primary holes on 20-foot

centers were routinely split-spaced with secondary holes regardless of

the grout takes in the primary holes. (See attachment 4.) The criteria

for further split-spacing was when grout takes exceeded O. 3 sack per

linear foot" of hole.

c. Grout set-up time (section 20.5.7.2). The contractor was

allowed to deepen grouted holes and to drill within 50 feet of a grouted

hole after a period of 16 hours instead of the 24 hours specified. This

allowed drilling on the" morning following grouting performed on the

previous afternoon.

d. WaShing-out grout (section 20.5.3 and 5.5.2). In lieu of

washing out grout before drilling deeper stages, the contractor elected

to redrill at his own expense.

e. Washing (section 20.5.6). Immediately upon the completion of

drilling to each full zone depth, the drill bit was lifted slightly off

the bottom of the hole and the drill pump used to wash the hole for

approximately 10 minutes or until the return water was clear. The

capacity of the waste-water collection system limited the volume of wash

water. When drill return water was lost, the full capacity of the drill

pump was used to wash the hole for up to 15 minutes in order to attempt

to re-establish circulation.

f. Pressure testing (section 20.5.6). Each hole was pressure

tested before grouting. Holes which could not be grouted on the same

day that they were pressure tested were either retested or washed for
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several minutes before grouting. Only one pressure was used for each

test interval. For holes in the upper zone, one-half of the bottom

depth in feet was established as the gage pressure in pounds per square

inch at the collar of the hole. Below 20 feet, the tests were usually

conducted ata surface pressure equal to the depth in feet at the top of

the stage. Gage pressures, however, never exceeded 30 lb/in2• Each

test Was conducted for an average of 5 to 10 minutes with the duration

dependant upon the rate of take and the time required to establish a

uniform flow. rate.

g. Grout plant location (sections 20.3.8.5 and 3.4). As previously

noted, the grout plant was situated on the completed outlet conduit

along the grout curtain axis. The maximum distance between the plant

and a grout hole was 260 feet.

h. Deferred grouting (section 20.5.8.3). Grouting in secondary

holes in the upper section and in all holes in the lower section was

deferred if the pressure test data indicated a computed permeability of

less than 0.1 foot/day. Grouting of primary holes in the upper section

showed that 6:1 grout could not be injected into holes meeting this

criteria.

i. Mix ratios (sections 20.5.8.1 and 5.8.3). Generally, all

grouting was begun at a 6:1 water: cement ratio regardless of the

suspected eventual take. Mixes were thickened incrementally to preclude

. premature stoppage.
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j. Grouting pressures (section 20.5.8.2). The maximum grout

pressure used was usually the same as the pressure used during water

testing. This pressure was based on the criteria of 1 Ib/in2/ft of

depth in feet to the middle of the first stage and Ib/in2/ft to the top

of successive stages. All references to grout pressure refer to the

gage pressure at the header and do not include the weight of the grout

column.

k. Interruption in grouting (section 20.5.8.3). Generally, once

grouting had been started on a hole, it was continued to completion.

without any interruption. However, while grouting at zero gage pressure

with no return flow to the agitator tank, thick grout was periodically

allowed to circulate through the lines for periods of approximately

minute in order to keep the grout from setting up in the lines.

3.72 Definitions. Deviations from the terms used in the contract

specifications are explained as follows.

a. Zone (section 20.5.4.1). The first zone extended 20 feet

downward from the ground surface. Grout pipes were generally embedded

one foot below ground surface into sound rock. The second zone was also

20 feet in length. Primary holes, therefore., were either 20 or 40 feet

deep (40 feet between stations 11+40 and 13+77) as opposed to the

intermediate 30-foot depth shown for some holes on the contract plans

(amended plate 11).

b. Section (section 20.5.4.2). Grout sections as defined in the

contract specific~tions were never established. Instead, procedures

outlined in other portions of the specifications were used to establish
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when and where drilling and grouting could be performed. That is, no

drilling was permitted within 50 feet of a grouted hole regardless of

the zone grouted or to be drilled until at least 16 hours had transpired

since grouting. The ahutment was divided into two parts, or "sections,"

by the outlet conduit. All grouting in the upper "section" (station

11+89 .to 9+51) was completed prior to drilling and grouting in the lower

"section."

c~ Waste grout (sections 1B 22.2.7 and 20 5.8.3). Under the

Measurement and Payment section of the contract specifications, it was

stated that the payment for placing grout ($30/sack) included

compensation for "furnishing cement, proportioning and mixing," as well

as injecting the grout. Therefore, grout wasted requires three out of

four procedures covered under this payment item. Under section 20,

however, it states that waste will be paid for at the applicable

. material cost ($4.50/cwt). Since both sections seem to apply, grout

mixed but not injected was paid for as waste grout at a negotiated price

which was approximately 1/4 of the unit cost for placing grout.

d. Grout refusal (section 20 5.8.3). Refusal was defined as no

measurable take (0.1 cubic foot) in a 5-minute period at the maximum

pressure required for the stage.

3.74 UPPER ABUTMENT GROUTING. Most of the abutment surface above the

outlet works had been cleaned as required in section 20.2.2.1 of the

contract specifications since late April 1981 (photo 119). Therefore,

the upper abutment was grouted first while the lower abutment surface

was being excavated and cleaned (photo 120). The rock above station
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9+85 was very fractured and locally crumbly, and removal of all loose or

unsound rock fragments would have not been practical. This area,

however, was blown as clean as possible before grouting. The grout

holes were located as close as possible to the calculated middle of the

trapezoidal core zone on 10-foot centers. The contract plans originally

called for primary holes on 20-foot centers above the station 11+60 with

split spacing only as required by high grout takes. Because of the

unexpected blocky and seamy appearance of the abutment, and based upon

the recommendation of an independent technical expert,Alan O'Neill,

this hole spacing was reduced to 10 feet for the entire abutment. Exact

locations were based upon local rock conditions and all primary and

secondary holes exclusive of 9+51S and 9+62P were angled approximately

60 degrees out-of-slope in order to intercept the steeply dipping in

slope fractures above station 11+20. (See pl. 3, for the plan and

profile of the.entire grouted abutment.)

3.75 The grout pipes were embedded approximately 1 foot into large

basalt rock blocks where possible and sealed with molten sulfur. Most

were within 3 degrees of the specified angle. Drilling with the CP-65s

(photo 121) was uneventful even though the machines were old and

somewhat difficult to transport over the rough abutment surface. The

waste-water collection and diversion system was relatively easy to hook

up and worked well diverting the drill water (photo 122). Although the

return water was difficult for an inspector to observe, the driller

could at all times monitor the flow. Upon completion of drilling, each

hole was washed for several minutes or until the return was clear. On

the day of grouting, holes were pressure-tested and permeability values
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QC
computed according to the relationship K =~ where K is the

t

permeability in feet per day, Q is the flow in gallons per minute, Ht is

the total head in feet acting at the middle of the test section, and Cp

is a conversion factor which takes into account the length of test

section and size of hole. The permeability value obtained assumes a

homogeneous test section and is, therefore, only a relative measure of

holes in the same rock mass. In stages where drill circulation was

lost, permeabilities were not computed because the effective length of

the zone of water loss could not be accurately measured. All primary

holes were pressure-grouted according to the specifications or

procedures as previously discussed. Secondary holes and second-zone

primary holes were deferred from grouting if the computed permeability

was less than 0.1 foot/day.

3.76 The foundation grouting of the upper abutment was begun on 11

August and completed on 21 September 1981. The plan and profile views

of all grouting are depicted on plate 3, and the pressure test and

grouting data is tabulated in table 3. Grouting between station 12+00

and station 10+00 on the abutment was very much a$ anticipated based

upon the pre-construction exploration and the appearance of the

foundation surface. In this reach, 20 primary and secondary holes on

10-foot centers were drilled and grouted. A total of 12.1 sacks of thin

grout were injected with an average take of 0.025 sack per linear foot

of hole. Calculated permeabilities ranged from 0.1 to 0.9 ft/day with

an average of 0.3 ft/day. This average value coincides exactly with the

average permeabilities calculated for the infilled basalt block flow

durin~ pre-construction exploratory coring.
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3.77 At the uppermost portion of the abutment, above station 10+00, the

foundation conditions and, therefore, the results of the grouting were

quite different. Complete drill circulation losses were common,. and

significant amounts of water were injected during pressure tests.

Additionally, many holes "breathed"; that is, air would blowout during

the afternon and suck in during the cooler morning hours. No

measurement was made of the volume of air ·movement. Holes which

exhibited this "breathing" phenomena also transmitted large volumes of

water during pressure tests and generally were the only holes which

accepted significant quantities of grout. Between stations 9+51 and

9+91, 16 grout holes, primary through quinary series, were required to

establish an effective grout curtain to the 20-foot first-zone depth. A

total of 757.9 sacks were placed; an average of 2.5 sacks/foot of

hole. This value is 100 times greater than the average grout take

between station 10+00 and the outlet conduit.

3.78 As can be seen on Detail "A" of plate 3, the orientations of the

holes were quite varied and the theoretical' split-space method was not

used to establish a grout curtain (photo 123). There were several

reasons for the unorthodox placement of the.grout holes. The rock at

the surface was severely fractured, locally crumbly, and the rock blocks

were no~ stabilized by tuffaceous infilling in the fractures. The grout

pipes could only be securely seated in the larger, intact blocks which,

in some cases, were offset from the grout curtain axis. Also, several

distinct, steeply dipping fracture zones were apparent at the surface

which seemed to coincide with the zones of high grout takes. The

tertiary, quaternary, and quinary holes, therefore, were oriented
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specifically to intercept these fracture zones. Even though the surface

was very fractured and open cracks were numerous, breakouts of grout in

the upper stage were not common. When they did occur, the surface leaks

were treated by caulking and puddling grout. Communication between the

holes was also uncommon. Only holes 9+65Q2 and 9+74Q2 showed evidence

of interconnection during pressure testing.

3.79 In order to check the effectiveness of the grouting methodology

used and to explore the nature of the rock mass below the surface, a

vertical NW-corehole (9+69.5E) was drilled through the area of highest

. grou t take. The hole was drilled using a CP-65 drill to a depth of 19

feet without any circulation losses even though the core was highly

fractured, essentially devoid of infilling, and grouted only below 12

feet. (See fig. a for· the log of exploratory core hole 9+69.5E. ) Core

between 13.6 and 16.4 feet was approximately 75 percent grout with 25-

percent fragments of cindery, reddish brown to grey basalt (photo

124). Explanations for the high grout takes and the "breathing" holes

above st3tion 10+00 are not certain. Based upon the surficial

expression of the rock and the core recovered from hole 9+69.5E,

however, it is reasonable to assume that the rock mass in this area

represents a boundary of the latite block flow in which the tuffaceous

infilling sands have not penetrated and, therefore, open fracture zones

exist below the surface. These zones evidently contain a large volume

of interconnected open area; which results in the holes breathing as the

entrapped air mass expands and contracts because of temperature

differentials and mayor may not be connected with the exposed ground

surface. They apparently trend sUb-normal to the dam axis owing to the
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surface expression of the fractures and the limited grout travel along

the grout .curtain. Elsewhere on the abutment, if this condition were

present, it could pose serious problems for seepage directly under the

dam embankment. This area, however, is at.the uppermost end of the

abutment where reservoir heads are minimal. In fact, the surface

elevation between stations 9+85 and 9+60 is several feet above spillway

invert. Regardless of the noncriticality of this area, it .is fully

believed that an effective barrier to underseepage to a depth of 20 feet

has been constructed. Furthermore, the badly fractured surface was

eventually capped by several feet of dental concrete (photo 102) before

placement of embankment core material.

3.80 CONDUIT GROUTING. Three grout holes on each side of the outlet

conduit were drilled between outlet stations 74+25 and 74+53. Each hole

was angled 70 degrees away from the conduit and intercepted the contact

between the concrete plug and the rock foundation at a depth of

approximately 10 feet. The purpose of these holes was to grout and seal

any voids which may have existed at the concrete/rock interface. All

holes were pressure-tested at 10 Ib/in2• Three were absolutely tight;

the other three took between 0.4 and 0.9 gal/min. Permeabilities were

not computed because most of each hole·was in concrete. Grouting in the

three tight holes was deferred, and each was backfilled with 1:1

grout. The remaining holes were pressure-grouted with a 6:1 mix and

accepted 0.1 to 0.2 sacks (0.5 to 1.1 cubic feet of grout). The

foundation under the conduit was grouted by secondary holes 11+89 and

12+30. Each hole was extended to 40 feet and angled to intersect
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approximately 8 feet below the conduit leveling slab concrete. It is

believed that these eight holes verify a tight foundation alongside and

under the conduit, at least in the central portion under the core zone.

3.81 LOWER ABUTMENT GROUTING. The layout of the grout holes on the

abutment surface below the outlet conduit began on 31 August 1981, as

soon as the area had been cleaned and approved (photo 125). Holes were

located on 10-foot centers and along the core centerline as permitted by

the rock relief. Every other hole was designated as a primary hole.

All holes were angled approximately 60 degrees into the slope. (See the

profile of the grouted abutment on pl. 3.) The orientation was changed

to the more conventional direction because the steeply dipping fractures

characteristic of the upper abutment were not apparent below station

11+20. Before any drilling had be~n on the lower abutment, the area

below elevation 1339 was flooded by heavy rains over Labor Day weekend

(photo 92) and had to be re-cleaned. As previously discussed in

paragraph 3.55, the open, pre-construction exploratory core holeD-ll

was discovered. Since the problem area in the hole was approximately 60

feet below the surface; it was decided to proceed with the normal

curtain grouting while determining how to treat the problem of D-ll.

3.82 All holes in the upper zone were grouted prior to deepening any

primary holes. Results of the grouting ih the upper 20 feet were almost

id.entical to that in the upper zone between stations 12+30 and 13+86.

The. average computed permeability was 0.4 ft/day. Grouting was deferred

in 11 holes, and 6.5 sacks at 6:1 were placed in the remaining 12

holes. The average take in the grouted holes was 0.027 sack/ft •. Four
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holes developed minor-to-severe surface leaks as. the infilling was

washed away from around the blocks (photo 126). The leaks were treated

by caulking, puddling grout, and backfilling with thick grout.

3.83 Drilling into the second zone began on 28 September and all

grouting was completed on 2 November 1981. Because of the condition

encountered in D-11 and a re-evaluation of data obtained from D-10 and

D-11, the second zone was deepened to 45 feet in order to intercept the

suspected permeable rock mass below 40 feet. Also, it was intended that

several holes extend as deep as 65 feet, down to the elevation of the

suspected void in D-11. Since the core hole was only 30 feet downstream

from the grout curtain, it was hoped that cpmmunication could be

established between it and the deep grout holes. In this way, the

extent of the problem zone might be delineated. After this exploratory

exercise, the plan was to clean out the core hole, backfill with a

sand:cement slurry, and then pressure-grout the deep grout holes. It

soon became apparent, however, that significant grout takes would be .

commonplace well above the second zone depth of 45 feet. Between

stations 13+00 and 13+85, all primary holes experienced complete loss of

drill return water between 25 and 35 feet in depth. All holes exhibited

the breathing characteristic of D-11 and took significant quantities of

grout. The first stage in the second zone took 575 sacks of thick

grout.

3.84 As drilling and grouting progressed, a definite pattern

de~loped. The area of high grout take was restricted to between

stations 12+80 and 13+80 and below elevation 1310. No direct
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communication existed between holes along the curtain, and stages of

high grout take were as little as foot apart in some holes. Cavities

or large voids were not indicated during the grout hole drilling. In

stages where large quantities of grout were subsequently injected, the

holes transmitted large volumes of water during pressure testing and

experienced the "breatbing" phenomena. These characteristics were

similar to the record of drilling and pressure testing in D-11. On 22

October, the second zone depth was officially changed from 45 feet back

to the original 40 feet. With the concurrence of the SPD Geotechnical

Branch, this action was taken for the following reasons:

a. The original intent of deepening the curtain was to be sure to

intercept and explore the suspected permeable rockmass detected

in D-11. At 40 feet the grout curtain penetrated approximately

10 feet into this permeable zone.

b. Regardless of the final depth of the curtain (up to at least 60

feet), a permeable zone would still exist below the curtain.

Forty feet was considered to provide adequate underseepage

protection consistent with the conservative dam design •

.c •. The permeable zone was "capped" by at least 25 feet of grouted

and infilled rock with a low natural permeability.

d. The conservative design of the embankment and planned foundation

surface treatment combined with the short duration flood pool

made a deeper curtain unnecessary.
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Photo 119
Final air cleaning along grout curtain and under core blanket prior to aerial
photography and grouting.
(22 Apr 1981)

Photo 120
Dental excavation below outlet works (lower abutment) underway with backhoes
and hand labor while drilling (for grouting) on upper abutment. Note grout plant
set up on conduit and waste-water collection system on abutment surface.
(13 Aug 1981.)
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Photo 121
CP-65 drilling vertical grout hole (9 + 690)
near top of right abutment. Note flexible
hose connection for waste-water collec
tion system. (10 Sep 1981)

Photo 122
Three-inch PVC waste-water collection
truck line laid on upper abutment sur
face. "T" connection at bottom of photo
leads to discharge pipe near outlet
works intake portal. (24 Aug 1981)
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DH-23 9+52 13R 1395 90 0':"39 9/3 4.5 0 1:1 6.7 gravity backfill of
open NX core hole

9+51 S 9+53.3 5.8 1393.7 90 0-18.5 14.9 10 4.2 8/27 31.1 5 5/1:1 109.4 x

9+61 P 9+62.9 5.4 1385.1 90 0-11 5.5 3 8/18 0.3 7 ~:1 3.1 premature stoppage?

9+62 P 9+63.2 1.1 1384.4 90 0-20 1.6 10 0.4 8/21 0.1 10 6:1 0.7 re-drill of 9+61P

9+65 Q2 9+64.9 5.1 1383.9 74 N50E 0-10 4.5 5 9/15 0.2 5 6:1 1.0 grouted by 9+74
10-20 7.0 10 2.9 9/16 1.4 10 6:1 7.9

9+68 T 9+67.3 5.4 1383.7 69 N35E 0-16.5 18.0 10 9/3 113.0 10 6/1:1 252.5 x lost eire. @14'

9+69 Ql 9+69.9 4.7 1384.4 90 0-11 10 6 9/9 3.3 8 4:1 15.2 x
11-12 17.5 4 9/11 81.1 5 6/2:1 266.2 x
12-20 0.4 10 0.2 9/16 0.4 10 6:1 2.3

9+69.5 E 9+70.3 7.1 1383.0 90 0-8.5 3.9 5 3.8 hole cemented 0-8.5'
8.5-19.0 4.1 10 1.7 9/18 1.2 10 6:1 6.7

9+70 S 9+70.7 5.2 1384.0 75 N54E 0-10 14.3 5 8/27 24.6 5 6/2:1 94.1 ?
10-20 18.8 10 8/28 327.7 10 5/1:1 718.4 x los~ eire. @11.0'

9+71 Ql 9+71.4 10.0 1383.2 77 N56E 0-5 5.8 2 9/9 14.4 1 4/2:1 severe surface leaks
5-20 3.0 10 1.0 9/11 0.2 10 6:1 1.1

9+74 Q2 9+74.0 10.1 1383.1 64 S45W 0-12 15.7 5 9/15 11.8 8 6/5:1 77.2 x
12-20 0.5 10 0.3 9/16 0.2 10 6:1 0.4

9+75 T 9+75.1 2.4 1383.8 86 N57E 0-20 7.8 10 2.1 9/3 1.2 10 6:1 7.5

See sheet 8 for explanatory notes. Sheet 1 of 8
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'*77 P '*78.5 5.2 1383.8 61 N45E 0-5 surf~ee Ileaks 8/18 3.4 :1 5/2:1 surface leaks
5-13 14.3 5 8/20 19.7 S 6/3:1 79.0 ?

13-20 11.0 3 8/21 37.4 10 5/2:1 115.4 lost eire. @13.1'

'*81 Q2 9+81.4 12.5 1384.8 72 N46E 0-20 7.2 10 1.9 9/15 0.6 10 6:1 4.2

'*83 Q1 '*83.3 13.0 1385.1 70 N42E 0-12 15.0 5 9/9 82.6 5 6/1:1 217.3 x
12-20 0.5 10 0.2 grou in~ deferr~d

'*85 Q2 9+85.2 14.6 1385.4 72 N44E 0-20 4.0 10 1.1 9/15 0.2 10 6:1 1.1

9+86 Q1 9+85.8 7:4 1382.6 47 S20W 0-20 10.0 10 2.9 9/9 0.9 10 6:1 6.0

'*91 S '*91. 3 7.4 1382.5 63 N60E 0-20 13.3 10 3.3 8/27 2.1 10 6/4:1 14.3

10+01 p 10+01. 7 7.0 1382.8 59 N57E 0-20 0.7 10 0.2 8/18 0.2 10 5:1 1.2

10+11 S 10+10.2 7.0 1381.1 64 N49E 0-20 2.6 10 0.7 8/28 0.4 10 6:1 '2.1

10+20 p 10+19.7 7.9 1379.5 61 N59E 0-20 0.5 10 0.1 8/18 0.1 10 5:1 0.8

10+28 S 10+29.1 8.3 1378.5 54 N56E 0-20 1.7 10 0.5 8/28 0.3 10 6:1 1.4

10+38 p 10+38.5 7.7 1378.9 63 N60E 0-20 0.2 10 0.1 8/18 0.1 10 5:1 0.5

10+49 S 10+49 8.1 1377.0 60 N45E 0-20 0.8 10 0.2 8/28 0.2 10 6:1 1.5

10+61 p 10+61.2 6.8 1375.4 61 N54E 0-20 0.4 10 0.1 8/17 0.1 10 6:1 0.5

10+72 S 10+72.5 7.5 1373.4 65 N53E 0-20 3.2 10 0.9 8/28 0.8 10 6:1 5.0

10+82 P 10+83.1 7.5 1371.6 59 N50E 0-20 2.9 10 0.8 8/17 8.0 10 6/4:1 45.2

See sheet 8 for explanatory notes. Sheet 2 of 8



Table 3. Foundation grouting summary.
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10+88 S 10+88.8 6.9 1368.6 71 N41E 0-20 0.3 10 0.1 grou in defer led

10+95 p 10+95.9 10.6 1367.2 61 N57E 0-20 0.3 10 0.1 8/17 0.1 10 6:1 0.5

11+08 S 11+08.9 12.5 1365.5 60 N70E 0-20 0.5 10 0.1 grou in~ defenled
11+21 p 11+20.9 12.1 1363.3 63 N58E 0-20 0.1 10 0.1 8/17 0.1 10 6:1 0.4

11+31 S 11+30.3 11.4 1363.8 64 N50E 0-20 0.9 10 0.2 8/26 0.1 10 6:1 0.5

11+40 p 11+40.5 9.9 1359.9 60 N58E 0-20 0.5 10 0.1 8/17 0.1 10 6:1 0.5
20-40 3.2 20 0.4 8/21 0.4 20 6:1 2.4

11+49 S 11+50.0 .9.4 ,1358.7 63 N58E 0-20 1.7 10 0.5 8/26 0.2 10 6:1 1.1

11+59 p 11+60.2 14.0 1358.2 58 N48E 0-20 0.4 10 0.1 8/17 0.1 10 ,6:1 0.8
20-40 1.6 20 0.2 8/21 0.3 20 6:1 1.7

11+68 S 11+67.5 14.9 1357.2 62 N48E 0-20 1.1 10 0.3 8/28 0.1 10 6:1 0.8

11+78 p 11+76.7 15.1 1353.2 6.2 N40E 0-20 0.9 10 0.2 8/17 0.1 10 6:1 0.7
20-40 0.8 20 0.1 grou ing deferr~d

11+89 S 11+89.3 16.0 1351.8 52 N61E 0-20 1.8 10 0.5 8/21 0.3 10 6:1 2.1
20~40 0.3 20 0.1 grou ing deferr d

74+53L C 11+96.0 25.8 1348.2 72 S40W 0-10 0.0 10 grou in!! deferr d conduit contact
grout hole

74+39L C 12+00.0 13.3 1348.4 70 S40W 0-13 0.7 10 9/2 0.1 10 6:1 0.6 "
74+25L C 12+05.7 1.5R 1348.0 72 S40W 0-14 0.4 10 9/2 0.1 10 6:1 0.6 "

See sheet 8 for explanatory notes. Sheet 3 of 8



Table 3. Foundation grouting summary.
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74+53R C 12+12.3 30.6 1347.8 71 N55E 0-10 0.0 10 grou in~ defen ed conduit contact
grout hole

74+39R C 12+17.2 18.3 1347.5 70 N53E 0-13 0.9 10 9/2 0.2 10 6:1 1.1 "

74+25R C 12+21.4 4.0 1347.2 71 N50E 0-13 0.0 10 grou in! defer led "

12+30 5 12+30.3 22.0 1345.4 51 547W 0:-20 2.8 10 0.8 9/23 0.3 10 6:1 2.1
20-40 5.6 20 0.6 9/25 0.4 20 6:1 2.4 intersects 11+895

under conduit

12+40 p 12+40.3 11.0 1344.7 60 545W 0-20 2.4 11 0.6 9/23 0.4 10 6:1 2.2
20-40 5.3 20 0.6 10/3 0.7 20 6:1 4.7

12+48 5 12+47.9 11. 2 1343.2 63 551W 0-20 0.4 10 0.1 grot in! defen ~d

12+58 p 12+58.6 16.9 1343.2 64 544W 0-20 sur lace leaks 9/23 0.2 2 6/3:1 severe surface leaks
20-40 0.8 20 0.1 grot in! defer led

12+68 5 12+68.6 15.2 1341.1 61 558W 0-20 1.4 10 0.4 9/25 0.1 10 6:1 0.8

12+81 p 12+79.6 16.2 1338.7 62 550W 0-20 1.1 11 0.3 9/23 0.3 10 6:1 1.9
20-45 16.0 20 1.5 10/3 0.9 20 6:1 5.5

12+92 5 12+90.2 14.7 1337.1 63 556W 0-20 sur lace leaks grOl in! defer ed hole tight below
leaks; backfilled
with 1:1 grout

20-36 6.8 30 0.8 10/27 0.2 30 6:1 1.5

13+00 p 12+98.9 19.6 1337.6 63 552W 0-20 sur ace leaks 9/23 0.3 10 6:1 2.0 minor surface leaks
20-33 13.0 20

4.5 20 10/3 0.3 20 6:1 1.8 after grt 13+60 @28'
33-34 22.0 30

14.0 30 10/8 32.2 30 6/4:1 188.8 x after grt: 13+40 & 6C

See sheet 8 for explanatory notes. Sheet 4 of 8



Table 3. Foundation grouting summary.
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13+00 P 34-35 27.0 30 tested 10/10
17.0 30 tested 10/12
23.0 30 10/13 100.0 30 6/1:1 366.8 x after grt 13+60@33'

35-41 15.0 20 tested 10/16
20.0 12 10/18 570.3 20 6/1:1 1183.0 x after grt 13+20C@35'

41-45 0.5 30 0.1 grOt in~ defer ed

13+01 E 13+01.1 20.9 1336.7 90 20-34.9 6.8 20 11/4 0.7 30 6:1 4.7 lost eire. @34.9;
packer set @20'

~4.9-37.E 21.0 20 11/5 12.3 10 4/1~:1 38.2 lost eire. @37.6'

13+03 T 13+03.4 19.6 1337.0 651 S46W 0-20 0.8 10 0.2 grot tin defer ed
20-38 3.1 20 0.4 11/2 0.5 20 6:1 3.2

13+10 S 13+09.3 20.3 1336.8 64 S45W 0-20 4.0 10 1.1 9/25 1.6 10 6:1 7.2
20-37 21 30 10/27 63.8 20 6/1:1 204.0 x
37-40 1.1 30 0.4 10/28 0.5 30 6:1 2.7

13+15 T 13+15.3 19.8 1336.2 63 S51W 0-20 4.5 10 1.2 10/29 1.0 10 6:1 6.5
20-40 16 20 tested 10/30

6.3 20 11/3 0.9 20 6:1 5.3

DH-11 13+20 16R 1336.7 90 57-67 29.9 30 10/14 940.7 15 6/1:1 2022.5 X zone of grout take
probably @62'; see
text

13+20A p 13+21 18 1335.1 61 S50W 0-20 0.3 10 0.1 grot tin defer ed lost hole; bit stue~

13+20B p 13+21.7 16.5 1335.1 90 0-20 3.1 10 0.8 9/16 0.3 10 6:1 2.2
20-25 15.0 3 9/24 28.1 10 6/4:1 146.7
25-31 11.3 20 tested 10/29

6.5 20 10/3 0.2 20 6:1 1.4 after grt 13+60@28'

See sheet 8 for explanatory notes. Sheet 5 of 8



Table 3. Foundation grouting summary.
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13+20B P 31-34 27.5 12 tested 10/6
0.0 30 10/8 0.1 30 6:1 0.2 after grt 13+60@30'

34-35 5.7 30 10/10 0.1 30 6:1 0.4
35-36 22.5 14 10/21 5.1 30 6:1 33.1 x
36-40 30.0 23 10/24 201.3 30 6/1:1 541.0 x

13+20C P 13+21. 2 16.9 1335.3 63 S35W 0-20 1.3 11 0.3 10/10 0.1 10 6:1 0.6
20-34 11.0 20 tested 10/12

7.5 20 10/13 5.5 20 6:1 35.5 after grt 13+60@33'
34-35 4.5 20 10/16 5.7 30 6:1 36.8 x
35-36 15.5 22 10/21 104.8 30 6/1~:1 399.2 x
36-40 33.4 30 10/23 315.0 30 6/1:1 816..0 x

13+28 T 13+27.7 16.7 1334.5 63 S46W 0-20 sur ~ce leaks grot tin defer ed hole tight; sealed
leaks with 1:1 grt

20-40 12 20 11/3 1.6 20 6:1 10.5

13+33 S 13+33.2 16.7 1333.5 64 S40W 0-20 1.2 10 0.3 9/i5 0.1 10 6:1 1.0
20-39 6.1 30 O.G 10/27 0.3 20 6:1 2.2

13+40 p 13+39.1 9.9 1329.9 53 S50W 0-20 0.2 10 0.1 grot tin defer ed
20-29 7.0 20 9/29 0.8 20 6:1 5.2
29-30 21.5 20 10/7 169.7 30 6/1:1 547.0 x
30-44~ 22.4 30 10/10 85.7 30 6/2:1 325.9 ?

13+51 S 13+49.3 13.1 1325.8 65 S40W 0-20 0.4 10 0.1 grOt tin defer ed
20-41 23 30 10/27 211. 3 20 6/1:1 375.0 x

13+60 p 13+58.2 9.4 1321.2 67 S50W 0-20 1.6 10 0.4 9/24 1.8 10 6:1 12.0
20-28 16.5 11 9/30 183.2 20 6/1:1 .455.8 x
28-30 20.5 20 10/6 147.8 30 5/1~:1 446.1 x
30-33 28.0 15 10/12 344.2 30 6/1:1 762.3
33-44 29.0 22 10/16 109.3 30 G/1~:1 315.2 x

See sheet 8 for explanatory notes. Sheet 6 of 8



Table 3. Foundation grouting summary.
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13+67 S 13+66.8 12.6 1319,2 64 S50W 0-20 0.2 15 0.1 grot in~ defer ed redri11 of 13+68S
20-28 15 20 10/28 3.8 20 6:1 24.9
28-40 6.0 30 0.8 10/29 4.2 30 6:1 27.3

13+68 S 13+68 13 1319.2 63 S45W 0-20 0.4 10 0.1 grot in~ defer ed hole abandoned; bit
stuck in hole

13+77 p 13+74.7 12.8 1318.1 69 S50W 0-20 0.3 10 0.1 grot tin~ defer ed
20-25 24.5 11 9/30 184.4 20 6/2:1 540.9 x
25-45 15.0 30 10/6 10.4 30 6/5:1 62.8 lost circ. @44.7'

13+79 T 13+78.8 12.8 1316.0 69 S51W 0-20 0.0 10 0.0 grot tin~ defer ed
20-40 0.3 20 0.1 grot tin~ defer ed

13+85 S 13+83.2 11.9 1314.2 69 S42W 0-20 0.0 10 0.0 grot tinl defer ed
20-36 24 20 10/22 48.9 20 6/2:1 223.2 x

13+86 T 13+84.0 11.9 1313.9 80 S50W 0-20 ho14 ti ht grOt tinl defer ed leaks around surfacE
packer

20-38 1.0 20 0.1 grot tin defer ed

-
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Table 3. Foundation grouting summary.

(notes)

1. Hole numbers correspond to approxi~ate d~ stationing and were determined before final surveying.

2. D-23 and D-23 are pre-construction exploratory core holes which were incompleteiy backfJlled after drilling.,

3. Hole class designations are as follows: P = primary grout hole, S = secondary grout hole, T = tertiary grout hole, Ql = quaternary
grout hole, Q2 = quinary grout hole, E = exploratory NW-size core/grout hole, C = ,contact
grout hole along outlet works concrete plug.

4. Grout hole locations are shown in dam stationing and feet offset left of dam centerline as determined by tape measure. Offsets
right of dam centerline are designated by an R.

5. Elevations were surveyed by transit on 2 November 1981.
I-'
~ 6. Depth increments are in feet. Stage depths less than 20 feet usually indicate loss of drill return water. (See note 14.)

7. Pressure test data is tabulated as follows: Flow (Q) is measured in gallons per minute. Pressure (Hp) is gage pressure in pounds
per square inch measured at or near the collar of the hole. Permeabilities (K values) are measured in feet per day as determined by
the formula K = Q (30.65 In 16 L) where Ht = Hp + average depth of interval tested in feet and L = length of test interval.

Ht (L)

8. Permeabilities (K values) are not calculated where drill water return was lost because of the probable non-uniformity of the interval
permeability. '

9. Grout takes are measured in cubic foot bags of cement placed.

10. ,Grout pressures are gage pressure in pounds per square inch measured at or near the collar of the hole.

11. Mix ratios are the volume proportion of dry cement:water. Where more than one ratio is indicated the grout was thickened
incrementally within the range shown.

12. Volume of grout placed is measured in cubic feet'and includes the volume needed to fill the grout hole itself which requires
0.012 cubic foot per foot of EX-size hole and 0.049 cubic foot per foot of NW-size hole.

13. An (x) in the column marked "breathing" indicates that air was noticed either blowing out or sucking in the hole. A (1) indicates
that the hole was not specifically checked for air movement, however, high water or grout takes indicate the hole was probably breathing.

14. Depths of drill water loss (lost circ.) are designated only if different from the bottom'stage depth. Normally, drilling was
stopped as soon as return was lost.
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Photo 123
Varied orientations of grout holes at upper abutment between stations 9 + 77 and
9 + 62. Spray paint can at location of exploratory core hole 9 + 69.5E. View looking
downstream. This area eventually covered with several inches to several feet of
dental concrete. (28 Sep 1981)

Photo 124
Core from exploratory grout core hole 9 + 69.5E. Note the significant amount of
grout between 14.4 and 16.1 feet. Also note the well indurated infilling below
17.4-feet. (25 Sep 1981)
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Core Return

9+69.5E

Depth loss water Description

~
B

3. 6 --f~r---f

grout

6.4 ~---4

Good

LATITE (Tvb): dark grey, locally reddish brown; hard, unweathered
vesicular; porphyritic; fine grained reddish zeno1iths; highly
fractured with irregular, mostly clean, unweathered cracks;
first grout appears along ~-inch wide, semi-open, irregular
crack/contact between grey and reddish brown latite at 10.5 feet;
significant grout appears at 12.2 feet along irregular steeply
dipping crack; core between 13.6 and 16.4 feet is approximately
75 percent grout with fragments of cindery, reddish brown 1atite;
below 16.4 feet the rock is dark grey with thin irregular, partially
healed, partially grouted, and partially open near vertical frac
tures; very well indurated brown, tuffaceous sandy infilling along
irregular cracks between 17.9 and 18.5 feet; probable broken/
cindery rock washed from cavity in core between 17.6 and 17.9 feet

19.0......l'--_'""-_'--L.- -- _

Notes:

1. Total core recovery 97 percent.
2. See table 3, Foundation grouting summary, for pressure test'

and grouting data.
3. Cored using CP-65 drill and NW-size double-tube core barrel.
4. Collar elevation 1383.0.
5. See photo 124 for picture of core between 13.6 and 19.0 feet.

Figure 8. Log of exploratory Core Hole 9+69.5E.
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3.85 The reach from grout hole 13+00P to 13+86T was grouted to

completion using the split-space method previously described. Secondary

and tertiary holes were deepened as necessary to bracket stages of high

grout-take down to a maximum of 40 feet. For example, the stage from 35

to 41 feet in hole 13+00P, which took 570.3 sacks, was not split-space

bracketed because the grout take was at 41 feet. In all, 2940 sacks

(300 cubic yards of grout) were placed in the second zone between·

stations 12+80 and 13+80. This rep~esents an average of 8.9 sacks per

foot. These totals are exclusive of the 75 cubic yards and. 940.7 sacks

placed during the bac~filling of D-11.

3.86 The original plan of backfilling the "cavity" inD-11 using a

sand/cement slurry was abandoned because a cavity probably did not

exist. It is believed that the high rock-mass porosity was caused by an

interconnection of joints and fractures with spaces between the fracture

blocks on the order of inches and not feet as originally suspected.

Since a sand/cement slurry might have caused premature blockage under

such conditions, the hole was backfilled to refusal with thick grout

under gravity flow. After grouting for 10 hours at a 1:1 mix and

placing 890 sacks of cement, approximately 1/3 cubic foot of filter sand

was added to the grout. Small quantities of filter sand were added to

the grout periodically. Within 2 hours, and after an additional 50

sacks, the hole was filled.

3.87 After all grouting had been completed, a vertical exploratory hole

was drilled at station 13+01 (photo 127). A CP-65 drill was used for

the coring. (See fig. 9 for the log of the hole.) Only a hint of grout
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was encountered at 34 feet even though the projection of the core hole

intersected a stage in hole 13+20C in which 315 sacks were placed. Even

though direct evidence of grout was not seen in the core, the hole was

drilled without circulation loss down to 34.9 feet. In this stage, the

hole would only accept 0.7 sack at 6:1 mix. All circulation again was

lost at 37.6; and 12.3 sacks of thick grout were placed; however, this

depth is slightly below the effective grout curtain, and a water loss

might have been expected. Additional exploratory holes were not

attempted for the following reasons:

a. The rock conditions encountered in hole 13+01E were as expected

even though no grout was directly observed.

b. Because of the isolated nature of the grout takes in the second

zone, it was felt that the chances of encountering a grouted seam (open

joint or fracture) would have not been good.

3.88 FINAL PAYMENT ITEM QUANTITIES. Payment items were agreed to on a

daily basis throughout the job and the final totals were easy to

tabulate. Estimated and actual amounts were as follows:

Estimated Actual

a. Mob/demob 1 1
b. Drill exploratory holes 100 If 57 If
c. Drill grout holes 975 lf 1761 If
d. Pipe for grout holes 100 If 150 If
e. Drill set-ups 50 124
f. Wash and pressure test 50 hr 26-1/2 hr
g. Grout pump connections 50 103
h. Place grout 200 sacks 4694.6 sacks

Waste grout 194.4 sacks

Total contract costs: $57,164 $192,726
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Photo 125
Lower abutment surface cleaned and ap
proved for grout'ing. Air cleaning under
core blanket area at right.
(28 Aug 1981)

Photo 126
Drill return water issuing from infilling
between basalt blocks while drilling up
per zone of 12+58P. Drilling continued
to 20-foot depth. Caulked cracks and
sealed with 3:1 grout at low pressure.
(10 Sept 1981)
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Photo 127
Using CP-65 to drill exploratory core hole
13+01E. Note portion of sand filter
blanket at upper left. (3 Nov 1981)



13+01E

Core Return
Depth loss water Description

LATITE (Tvb): dark grey: hard: vesicular: porphyritic: widely spaced
irregular fractures infilled with light brown, poorly to well

Good indurated, tuffaceous, fine sand; core loss in softer infilled zones;
At approximately 25 feet transitional color change to reddish grey
associated with decrease in vesicularity and increased core loss.
Core loss probably still associated with infilling between
irregular fracture surfaces.

Partia
loss

30.0
30.9 ANDESITE (Tva): medium grey: hard: non-vesicular: slightly por

phyritic: closely spaced regular joints, partially coated with
calcium carbonate, sandy infilling, and possible grout at 34 feet.
Joints vary from vertical to less than 20 degrees. Core loss due
primarily to caving, raveling hole and resultant grinding of core.
Lost return water at 34.9 feet; tried to grout with 6:1 mix but

Total only 0.7 sacks accepted. Lost return water again at 37.6 feet:

loss grouted with 12.3 sacks of 4/l~:1 grout.
37.6 ~~m:1""':"=L _
37.8 -

34.9

Notes:

1. Total core recovery 83 percent.
-2. See table 3, Foundation grouting summary, for pressure test

and grouting data.
3. Cored using CP-65 drill and NW-size double-tube core barrel.
4. Collar elevation 1336.7.

Figure 9. Log of Exploratory Core Hole 13+01 E.
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j.89 At the conclusion of the job, it was mutually agreed between the

Contracting Officer, Sundt and Jaques, that the Corps pay for extra man

hours required because of the transportation of drills over the

unusually rough abutment surface and installation and connection to the

waste-water collection system. The prime contractor agreed to pay for
, '

the PVC pipe utilized. Added costs to the ,Government amounted to

approximately 3 percent of the total contract costs associated with the

foundation grouting and were paid for under MOD P00015 (table 4).

3.90 CONCLUSIONS. Inasmuch as the grouting represents an exploratory

tool as well as improving the foundation, the grouting program at Adobe

Dam was successful. Assumptions regarding the relative impermeability

of the near surface rock were verified while unexpected conditions below

were uncovered. In the final analysis, grouting in the upper zone

probably did little to improve upon the condition which naturally

existed. The split-space stage grouting methods utilized at the top of

the abutment and in the lower zone at the toe undoubtedly created a much

more impermeable barrier to underseepage than existed before grouting.

It is reasonable, however, to expect that permeable fractures with

significant lateral extent may remain ungrouted 30 feet below the

foundation surface. The degree of confidence in curtain construction

could have been improved by multiple rows and tighter spacing. These

alternatives were judged to be unnecessary and not cost-beneficial from

an engineering standpoint given the short maximum flood pool duration

and the conservative design of the embankment and surface foundation

treatment.
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OUTLET "ORIeS

3.91 The outlet for Adobe Dam is a cut and cover, rectangular concrete

conduit 289.5 feet in length. The outlet trench was excavated through

the right abutment and the conduit is founded on the basalt block flow

(photo 128). Because of the rock contour at the abutment, the outlet

works is slightly askew (18-1/2 degrees) to the centerline of the dam

embankment (amended pl. 15). That portion of the excavation under the

core of the dam was backfilled with lean-mix concrete and contact

grouted to preclude seepage along the conduit. Downstream from the

conduit is an uncovered energy dissipator section which flares out from

5.9 to 20 feet in width and drops over 16 feet in invert elevation. The

energy dissipator is also founded on rock (basalt and agglomerate).

Excavation of the outlet works trench began on 9 March 1981. Backfill

around the conduit was essentially complete by August 1981 although

backfill at the downstream end and next to the energy dissipator walls

continued until October.

GEOLOGY

3.92 The trench for the outlet conduit cuts diagonally across the

abutment, intersecting the dam centerline at station 12+14. The minimum

excavated elevation along the conduit section was approximately 1330

feet, which is about 7 feet above the projected contact between Tvb and

Tva. The entire outlet conduit, therefore, is founded on the basalt block

flow, Tvb, previously described under the geology of the right abut-

ment. The intake structure is also founded on the basalt. Only the end

of the energy dissipator downstream from station 71+75 is founded on well

indu ra ted agglomera te, QTa (photo 129), instead of basalt·.
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3.93 After the floor and walls of the trench had been blown clean, the

floor of the conduit section was mapped (pl. 4) and the walls inspected

and photographed. The mapping and repeated inspection of the excavation

yielded the following observations.

a. There was no sifgnificant difference in the nature of the block

flow foundation except that the relative percentage of infilling

increased (photo 84) and the apparent structural continuity decreased

upstream from station 74+70.

b. As a whole, about 10 percent of the exposed surface was composed

of moderately indurated, fine grained, ashy infilling.

c. All cracks, joints, and spaces between the basalt blocks were

completely filled; no voids were observed.

d •. The general appearance was that of disoriented basalt blocks to

10 feet maximum dimension; most were irregularly shaped, but some had

one or more planar surfaces (photo 130).

e. There were ~lanar lineations and occasional brecciated zones on

the floor and walls (photo 130); however, most were indistinct, had very

limited lateral extent, and did not extend up to the top of the trench

walls.

f. The discontinuities (joints and fractures) generally trended

obliquely to the axis of the outlet and dipped steeply upstream.
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Photo 128
General configuration of outlet works'
trench; view looking downstream from
near station 76 + 50. Worker at left is
wetting down basalt block flow founda
tion prior to placement of lean-mix level
Ing slab. (27 May 1981)

Photo 129
Exposure of hard, indurated agglomerate
which serves as the foundation for the
end of the energy dissipator slab.
(11 June 1981)
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Photo 130
West slope of outlet trench at stations
74+00 to 74+40. Note relatively planar,
steeply dipping discontinuities in center
and lower right of photo which trend
N5E 70N and N10E 75N. (20 May 1981)



EXCAVATION

Blasting

3.95 Since the outlet conduit is founded on rock and the trench

excavated in the basalt flow rock mass, blasting was required to shape

the 1/2-on-1 side slopes and loosen the volcanic blocks. In order to

better control the final shape of the trench and protect the foundation,

a.5-foot buffer zone was specified (amended pl. 16). Instead of the

smooth blasting procedure described in section 2C 17.3 of the contract

specifications (attachment 5), the contractor proposed a drilling and

blasting scheme similar to that used with success in the spillway. His

proposal consisted of shooting 3-inch diameter pre-split holes on 30

inch centers followed by delayed production holes on a 5x6-foot pattern

subdrilled 2 feet below the A-line. The pre-split holes were to be

logged according to drilling resistance then loaded and stemmed

accordingly. The contractor was allowed to demonstrate his proposed

technique downstream from station 73+00. B.etween stations 73+00 and

73+40, the contractor was instructed to drill a modified demonstration

. section with hole spacings and subdrilling as recommended by the LADO

Geology Section. In the COE area, subdrilling was only 1-1/2 feet below

A-line; a 4x4-deck-loaded delay pattern was used; and pre-split holes

were spaced 2 feet apart (photo 131). The demonstration blast was shot

on 16 March 1981.

3.96 By 27 March the test section had been cleaned in enough detail to

inspect and evaluate the results of the blast (photo 132). Both test

sections were excavated well below the A-line except in isolated areas
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along the toe of the slopes where the bottom of the pre-split and

breaker holes "blew out" in softer infilling. Nonetheless, most of the

trench floor was below even the B-line. No difference in the pre-split

slopes was noticeable between the two test sections. The pre-split hole

spacing was less critical than deviations from angle and plumbness. The

floor of the excavation was hand-level surveyed on a 3x5-foot grid.

This revealed that the tighter hole spacing and shallower subdrilling

produced a more regular surface and reduced the amount of over

excavation. The contractor, therefore, was directed to use a 4x4-foot

pattern, 1-1/2-foot sUbdrill,and 30-inch pre-split spacing'following

the same blasting procedures for the remainder of the trench

excavation. This directive was covered under Modification POOOll to the

contract, which also included the detailed cleaning of the test area.

tilcking

3.91 The, large rock loosened by the blasting was mo ved out of the

trench using a D-9H dozer. The volcanic blocks removed were up to 6

feet in maximum dimension (photo 133) and were used along with the rock

excavated from the abutment surface as backfill along the upstream toe

of the dam. Further excavation using a backhoe and extensive hand labor

was required to complete the removal of loose and broken rock. The

"dental" excavation began on 5 May and was completed along with the

foundation preparation along the floor of the conduit section by 26 May.
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3.98 The contractor was instructed to use the same criteria for cleaning

the. floor of the trench as had been used on the abutment surface. Rock

piCkS were used to loosen the infilling material from between the basalt

blocks followed by high-pressure air cleaning (photo 97). The side slopes

were prepared in the same manner except that extra care was taken to avoid

removing too much infilling and thereby dislodging the massive basalt

blocks. (See photo 134 for a typical prepared slope surface.)

Resultant Excavation

3.99 When the final removal of all loosened rock had been completed and

the area cleaned, the shape and size of the excavation deviated from the

lines and grades shown on amended plate 16 (photo 128). The width at the

bottom of the trench (at "B" line elevation) exceeded the dimension shown

on the plans by an average of 10 percent in the conduit section of the

trench. (See pl. 4.) The deviation was greatest upstream from station

74+80 in an area of increased relative percentage of infilling to basalt

(photo 135). The floor of the trench was also outside the lines and

grades as designed. The average elevation of the floor in the conduit

section (station 75+69 to 72+80) was 2.0 feet below the "B" line. The

reason for the over-excavation was partially due to the blasting

techniques used, but was primarily the result of the nature of the basalt

rock mass. While the blasting broke the large basalt blocks near the "B"

line grade, adjacent smaller blocks and infill-ing were removed during the

required excavation and cleaning (photo 136).
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Photo 131
Partially drilled COE outlet works' test
section; stationl) 74 + 00 to 74 + 40.
2Y2-inch ANFO loaded holes on 4x4-foot
pattern, pre-splits on 24·inch centers.
(12 Mar 1981)

Photo 132
Partially cleaned outlet works' test blast
section. Bottom has been cleaned from
stations 73 + 50 to 72 + 85. Note large
rock mass projecting from toe of the
west slope (right side) at statior'! 73 + 40
because toe breaker hole was not shot.
(28 Mar 1981)
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Photo 133
CAT D-9H pushing out blasted rock from
outlet trench excavation. Note the 6-foot
basalt blocks already removed. Track
backhoe and hand laborers cleaning the
abutment surface in background.
(19 Mar 1981)



Photo 134
Close-up view of typically prepared slope
surface in outlet trench; east side of
conduit, station 74 + 35. Infilling between
the volcanic blocks is pervasive.
(9 July 1981)

Photo 135
Wetting down cleaned and prepared
trench floor prior to placement of lean
mix leveling slab. Screed forms con
structed of 2x4s elevated to "B" line on
metal rods anchored in rock. Concrete
already poured to station 75 + 30. Note
the abundant infilling at the left of photo
(west side of trench) and how the width
and slope of the "walls" are excessive.
(27 May 1981)
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Photo 136
Effects of production blast in bottom of
outlet trench. Note how smaller blocks
and infilling have been removed below
the level of the bottom of the blast holes
In the center and upper left of photo.
Final surface preparation not yet com
pleted.
(20 May 1981)



It is likely that the amount of over-excavation could have been reduced

by modifications· in the blasting techniques. However, the 9-inch "B"

line tolerance was'unreasonable for this type of foundation rock, and

protrusions above the "A" line would have been more numerous and

difficult to trim. Based upon the results of the test blast between

stations 73+00 and 73+40, a 2-foot relief was reasonable to expect.

LEAH-MIX LEVELING SLAB

3.100 Since most of the resultant trench excavation was below the "B"

line, it was necessary to replace the over-excavated area with concrete

as required under section 2C-1.4 of the contract specifications. The

Government assumed responsibility for payment because of the

unanticipated irregularity of the foundation surface. The work was

covered under MOD P00006 at a total negotiated cost of $68,250. The

change covered the placement of 410 cubic yards of concrete to "B".line

elevation in the conduit section and 500 cubic yards of concrete to "A"

line in the intake and energy dissipator sections. After the floor of

the trench had been adequately cleaned, the contractor constructed

screed forms at "B" line elevation. The forms consisted of 2x4 boards

supported on 1/2-inch threaded metal rods. The rods were on 8- to

10-foot centers, anchored into the foundation rock (photo 135).

Bulkheads at station 75+69 and 72+80 were constructed to contain the

leveling slab (photos 137 and 138). Prior to concrete placement, small

pockets of loose rock were hand-picked from the floor (photo 139) and

the foundation was wetted (photos 128 and 135). The concrete surface

was screed to a uniform "B' line elevation for the entire width of the
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trench except toward the upstream end where the excavation was the

widest. In this area the edges outside the limits of the conduit

. foundation were somewhat sloped to save on the amount of concrete

placed. The slab was poured slope-to-slope for the following reasons:

a. The lean-mix plug area from stations 73+90 to 74+90 would

eventually require concrete backfill.

b. Outside the lean-mix plug area, dental concrete (at a higher

unit cost) would have been necessary in many areas at the toe of

the slopes.

c. Forming costs were significantly reduced.

d. The slab provided a level surface for workmen forming the

conduit.

e. The slab allowed for easy removal of loose rock and infilling,

which was produced by the final cleaning of the side slopes

prior to concrete and core material backfill.

LEAN MIX PLUG

3.101 From 28 May to 9 July 1981, the outlet works' conduit was under

construction (photo 140), and on 10 July the trench was ready to be back

filled with concrete in the area of the lean-mix plug (photo 141). The

purpose of the plug was to preclude differential settlement and cracking

of the core over the conduit, as well as to inhibit seepage along the

outside of the box. The side walls of the trench were prepared by

removing all loose rock. Infilling between the blocks was cleaned using

the high pressure air hose. (See photo 134 for a typical prepared

slope.) A concrete bucket and crane were used to place the concrete.
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Photo 137
Bulkhead to contain "B" line leveling
slab at upstream end of trench (station
75 + 69). (27 May 1981)

Photo 138
Bulkhead at downstream end of trench
at station 72 + 80. Leveling slab place
ment already underway at upstream end
of trench. Note evidence of pre-split
blasting on slope at left.
(27 May 1981)
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Photo 139
Laborers removing pockets of loose rock
by hand from floor of already air cleaned
trench bottom. Screed forms under con
struction. (26 May 1981)



Photo 140
Forming walls for outlet conduit between stations 73 + 40 and 73 + 80.
(24 June 1981)

I

Photo 141
View looking downstream from station 75 + 40 along the west side of the com
pleted outlet conduit prior to lean-mix plug placement. Plug was placed in the
area where the conduit is thicker and the slope closer to the sides. Note B-line
leveling slab on floor in center of photo.
(9 JUly 1981)
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The3/4~inch aggregate and relatively low water to cement ratio allowed

the unformed concrete to be placed on the 1:1 slope specified (photo

142). Special emphasis was placed on adequately vibrating the concrete

along the conduit and at the contact with the foundation. The

foundation contact was also pressure grouted to seal any voids as

previously discussed under conduit grouting. Since more overburden and

rock had been removed than originally anticipated during the abutment

excavation (amended pl. 12) the concrete plug did not extend over the

top of the conduit but just to the top of edge of the box (photo 143).

(See amended pl. 16 for the cross section of the plug.)

CONDUIT BACKFILL

3.102 The remainder of the outlet trench was backfilled with compacted

embankment materials. The slopes were cleaned as previously described

and thin lifts of backfill were hand-tamped along the rock contact

(photo 144). Sand cone density testing and probing along the rock

contact indicated that adequate compaction was obtained. At station

75+02 on the west side, 1-1/2 cubic yards of formed dental concrete was

used to fill under a protruding rock block (photo 84). Several months

after the t.rench was backfilled, when the embankment fill was coming up

the abutment, the backfill material was sloped back, scarified, and re

wetted prior to blending with the embankent core material.
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Photo 142
Lean-mix plug on downstream end, east
side at station 73 + 90. Plug placed
without forming on 1:1 slope (line on
side of conduit).
(10 July 1981)

Photo 143
Top of completed concrete plug after
much of conduit backfilling has been
completed. Note transition from contact
with abutment at left and the top edge
of the conduit. (28 July 1981)
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Photo 144
Laborer using Whacker to compact core
material along rock contact during outlet
trench backfilling upstream from lean·
mix plug. A small vibrating steel wheeled
roller was used for the bulk of the
material compaction. (30 July 1981)



Left Abutment

3.103· Adobe Dam does not have a left abutment in the true sense, but

would be more correctly designated the east end of the dam. The

abutment as such is on the west side of Adobe Mountain, which is

adjacent to the Black Canyon Highway, I-17. The break in slope of the

moderately steep west flank is at elevation 1400 feet above sea level,

the valley floor is at elevation 1395 feet, and the top of the dam is at

1403 feet. The total excavation up the hillside was approximately 5

feet and only 1 or 2 feet deep. The impervious core of the zoned

embankment daylighted at station 121+10 and, therefore, the east end of

the dam was composed entirely of random fill and stone slope protection.

GEOLOGY

3.104 Adobe Mountain is superficially very similar to the Hedgepeth

Hills at the right abutment. Approximately 95 percent of the surface is

co vered by residual soil or volcanic talus blocks (photo 5), which makes

geologic mapping and identification of bedrock units very difficult.

Because of the non-criticality of the left abutment, detailed geologic

mapping was not performed on Adobe Mountain and sub-surface explorations

were deferred. The mountain was mapped using 1:3000 aerial photographs

as QTv (subsequently changed to Tv, see amended plate 1) skirted by

residual soil and talus. Excavation for the dam was very limited and

exposed vesicular volcanic talus blocks to 1-1/2-foot maximum diameter

infilled with tan tuffaceous sands and locally cemented by caliche

(photo 145).
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ElClV1TION

3.105 A D-9 dozer, a backhoe, and a front-end loader were required to

remove the caliche-cemented talus blocks down to the grade lines as

shown on the contract drawings. The final excavated surface is

represented by photo 146 except that the windrow of loose material at

the toe was removed prior to placement of random fill.

Main Embankment Foundation

3.106 The entire length of Adobe Dam, except for the right abutment, is

founded on alluvium. The pre-construction foundation exploration had

indicated that a variable thickness of between 1 and 5 feet of fine

.grained, compressible surface soil was present across the valley between

the Hedgepeth Hills and Adobe Mountain (amended pl. 10). The alluvium

below was expected to be coarser grained, incompressible, and suitable

as a foundation. An exploration trench of variable depth (9 to 20 feet

below the foundation stripping line) was included in the embankment

design from the right abutment to station 79+60 in order to explore for

and remove areas of deleterious (incompatible) foundation materials.

GEOLOGY

3.107 The geologic conditions expected in the foundation for the main

embankment were the conditions actually encountered.
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EXCAVATION

3.108 In only three isolated areas (one under the upstream core

blanket, one under the core blanket and in the exploration trench, and

one under the downstream gravel blanket) were there encountered

concentrations of materials incompatible with the overlying

embankment. Permeable., relatively coarse grained materials under the

core between stations 19+50 and 21+00 and between 31+50 and 32+50 and

silty sands under the gravel drain between st~tions 36+00 and 39+00 were

removed and backfilled with compacted fill according to part 2C-14 of

the specifications (attachment 2). In addition, under the gravel

blanket between stations 13+50 and 15+00, fine grained sediments

associated with a pre-existing stock tank (fig. 2) were removed as

specified in the contract plans. This created a "swale" in the

foundation surface (photo 147) on which the "normal" embankment section

was constructed; i.e., the area was not backfilled to "grade."
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Photo 145
Close-up view of caliche-cemented
basalt blocks (slope wash and talus)
at left abutment excavation. This
represents the final surface prior to
placement of random material.
(26 Mar 1981)

Photo 146
Final left abutment (east end-of-dam) ex
cavation after removal of caliche
cemented basalt blocks. Windrow of
loose material at toe was removed prior
to placement of embankment material.
(26 Mar 1981)
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Photo 147
"Swale In foundation under horizontal
gravel drain, station 13+50 to 15+00,
after Inspection and proofroiling. Sand
filter-blanket on abutment rock at right.
(3 Nov 1981)



4~ Contract Totals

Final Payment Item Quantities

4.01 M. M. Sundt Construction Company was awarded contract

DACW09-80-C-0121 with a total estimated bid amount of $8,388,025. The

final contract amount was $9,535,322.65, exclusive of 20 modifications,

some of which are still being negotiated. (See attachment 6 for the

final payment item quantities which were different from estimated

(obligation) amounts.) In the following cases, the estimates

(obliga~ions) were modified after the contract had been awarded; all

other obligation quantities listed in attachment 6 are original

estimated amounts.

Original Modified
Bid Estimated Estimated Actual
Item Description Quantity Quantity Quantity

1 Exca va tion, abutment 29,800 CY 36,000 CY 33,232 CY

10B Exca vation, dental over 50 CY 5;400 CY 5,717 CY

100 CY

11 Exca vation, outlet works 9,530 CY 12,102 CY 12,110 CY

21 Filter material 3,900 CY 4,000 CY 3,659 CY

29 Stone, type II 44,500 TN 67,000 TN 35,494 TN

38B Dental concrete over 60 CY 65 CY 940 CY 910 CY

43D Pipe for grout holes 100 LF 130 LF 150 LF

43E Drill set-ups 50 EA 70 EA 124 EA

43G Grout pump connections 50 EA 70 EA 103 EA

43H Placing grout 200 SA 864 SA 4,144 SA
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Contract Modifications

4.02 In addition to the final contract amount, the modifications to the

contract will constitute additional costs. Nine of the modifications

were directly related to geotechnical aspects of the job; specifically,

the unexpected foundation conditions at the right abutment. The total

of these changes was $363,060.00 and they are summarized in table 4. No

other geotechnically related modifications are pending.
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Table 4. Contract
(geotechnical

modifications.
related)

!tem Subject

MOD POOOO5 Investigate west abutment

MOD POOOO6 Lean mix leveling slab

MOD POOOO8 Revised abutment excavation

f-I I MOD POOO09 Abutment filter
......

"'" I
MOD POOOlO Irregular abutment surface

MOD POOOll Revised outlet costs

MOD POOO14 Delays due to irregular
abutment surface

MOD POOOlS Extra costs for foundation
drilling and grouting

MOD POOOlS Abutment fill costs

Description of Change Negotiated Cost

Drill 20 probe holes and clean 40x40-foot area. $13,141.00

Place lean mix leveling slab in outlet conduit, intake 68,250.00
structure and energy dissipator from station 76+12.2
to 71+54; 910 cubic yards total.

Drill and blast entire abutment surface; pioneer trail; 43,125.00
blast oversteepened back slope.

Place 4420.45 cubic yards of filter sand between abutment 97,560.00
surface and gravel blanket to prevent piping of infilling
material.

Additional work required of men and equipment necessary 43,495.00
to properly excavate the irregular abutment surface.

Additional cost to use 4x4-foot drill pattern; air cleaning 32,013.00
and dental excavation of demonstration blast area.

Extra equipment rental and labor costs caused by delays 49,625.00
relating to irregular abutment surface.

Ream out and deepen 0-11; establish waste water control 5,851.00
system; move and set-up drilling equipment over irregular
abutment surface.

Extra costs to use CaE specified equipment (front-end 10,000.00
loader and hand tampers) to compact along irregular
abutment contact.

Total $363,060.00

Sheet 1 of 1



5~ Possible Future Problems

Type III Stone Breakdown

5.01 As discussed previously, the andesite from the spillway excavation

used as the downstream slope protection on the dam was observed to be

breaking down several months after placement. Similar andesite exposed

during foundation explorations at New River damsite, several miles to

the northwest, has experienced even more severe degradation. The

causative mechanism for the breakdown is still in question; and it is

not possible to estimate the rate of subsequent deterioration or what

the ultimate effects on the gradation may be. It is unlikely, however,

that the stone's effectiveness against erosion on the downstream slope

will be severely affected in the near future. Nonetheless the

deterioration of the stone should be monitored and recorded during the

regularly scheduled periodic inspections.

Spillway Slope Degradation

5.02 Minor rock falls and sluffing from the spillway slopes should be

expected. The 12-foot-wide benches will help in reducing the velocity

of the falling rocks and will keep some material off the floor of the

spillway. Periodic maintenance cleaning, however, may be necessary.

The most potentially serious problem areas will be in the andesite units

where the joint planes ha~ adverse orientations toward the excava

tion. Rockfalls from the highly jointed upper andesite on the east side

at station 22+50 (photo 12) occurred during construction. Another

possible problem area is at station 20+40, west side, just below the
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lower bench, where a prominant joint dip-slope is exposed (photo 22).

Failure of this portion of the spillway will not significantly reduce

its effectivenss, but could present a safety hazard for people below or

on the bench above. No area in the spillway has been identified as a

likely candidate for catastrophic slope failure.

Abutment Seepage

5.03 The likelihood of uncontrolled reservoir seepage through the

abutment is extremely remote. If leakage were to occur, however, the

abutment surface between station 13+20 and the bottom of the exploration

trench would be the most likely problem area. This is because of the

more heterogeneous alluvial infilling between the volcanic blocks as

opposed to the tuffaceous infilling higher on the abutment. Visual

inspection and surface grouting data (pl. 3) indicated, however, that

the material is competent and impermeable.
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COBBLE-SLZE; BROWN SILTY $AND MATRIX; UNCONSOLIDATED;
LOCALLY CALlCHE CEKENTED

ACCLOI1ERATE: SUB-ANGULAJI. TO SUB-ROUNDED, HETEROLITHIC
VOLCANIC CLASTS TO 3-FOOT tt\XDfUil DIMENSION; POORLY TO
VERY WELL CEKENTED CaCO) HATRlX; STRATIFIED

UPPER ANDESITE: LICHT GREY TO GREY; MODERATE HARDNESS;
SLIGHTLY PORPHYRITIC. MICROCRYSTALINE; TYPICALLY HIGHLY
JOINTED

fLOW BRECCIA: REDDISH BROUN AND GREY; CRUK.8LY TO LOCALLY
VERY lIARD; 40 TO 80 PERGENT HARD ANDESITE ROCK BLOCKS TO
5-FOOT HAXlKUM DIMENSION: CINDERY KATRIX: SOME SECONDARY
I1INERALIZATION
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DISTINCT SOLlD LINES, THEY ARE PREIlOHIKANTLY INDISTINCT
AND GRADATIONAL, ESPECIALLY FOR THE TRANSITIONAL UNIT.

). THE GEOLOGY EXPOSED ON THE WEST SIDE OF THE SPILLWAY
EXCAVATION IS ESSENTIALLY THE SAME AS TIlAT ON THE
EAST SIDE.

ROCK SAMPLES troT COLLECTED FOR PETROGRAPHIC ANALYSIS
WILL BE RETAINED AT THE LOS ANGELES DISTRICT OYFICE.
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LEGEND:

..

Tvb

QTo

NOTES:

relatively planar fracture/joint

low angle joint surface

brecciated fractu~e

area of broken or cindery rock

pre-construction core hole

contact between Tvb and QTa

approximate "contact" bet~veen

different types and character
of infilling within Tvb unit

Tertiary basalt block flow

Quaternary/Tertiary agglomerate

1. The aerial base map was shot at an original
scale of 1:2400 on 5 September 1981.

2. See attachment 1 for an interpretation of
the genesis of the block flow rock unit.

3. In general, all planar and brecciated
f:actures are infilled with cemented,
tuffaceous sand, except in areas designated
as broken which are open.

4. The area under the gravel drain above the
outlet works was cleaned and mapped as a part
oi the early foundation evaluation. The
same area below the outlet was not cleaned
in detail and was not mapped; it is, how
ever, the same randomly oriented, infilled
basalt block flow.

ADOBE DAM FOUNDATION REPORT

RIGHT ABUTMENT

FOUNDAT I ON GEOLOGY

PLATE 2
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ADOBE DAM FOUNDATION REPORT

OUTLET WORKS TRENCH FLOOR

FOUNDATION GEOLOGY

ture and energy dissipator was not

placement scheduling.

7. The foundation under the inlet struc-

5. Brecciated zones of measurable thick
ness are indicated by wavy lines.

6. The notation w. indo indicates well
indurated tuffaceous sand infilling .

8. Bulkheads were constructed to contain
the B-line leveling slab.

N45~
vert.

The structures mapped represent
either: 1) planar surfaces on larger
rock blocks, 2) alined lineations
between rock blocks or 3) linear
zones of broken rock or infilling.

The foundation rock unit is Tvb,
Tertiary basalt block flow. The
floor surface is composed of
irregularly shaped basalt (latite)
blocks to 8-foot maximum unbroken
dimension with semi-smooth to rough
surfaces separated and infilled by
fine grained, generally unstratified~

tuffaceous sand 1 to 8-inches wide.

~nere shown beyond the limits of the
slope toe, the lineations extend
from the floor up the side-wall of
the excavation.

NOTES:

4. Most lineations are relatively
indistinct and can not be projected
more than 10 or 15 feet.

:roe of slope at B-line elevation
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Amended Plates

. Twenty of the 12 original contract drawings that relate to the

~eotechnical aspects of Adobe Dam were selected for inclosure in the

foundation report. At pUblication time, the official as-built drawings

were not available. Wherever possible, as-built changes are shown in

red on the amended plates along with geotechnically related modifica

tionsto the original drawings that will not be shown on the final

as-built plates. Both the as-built and the 20 amended plates should be

referred to for all modifications to the contract drawings.
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DATUM IS MEAN SEA LEvEL

SEE SHEET 3 FOR GENERAL GEOLOGY OF AREA AND LEGEND

2. SEE SHEETS486 FOR LOCATION OF OTHER SEISMIC. REFRACTIVE SURVEY LINES.

3 SEE SHEET IO.J1 AND 12 FOR lOGS OF DIAMOND CORE HOLES AND TEST TRENCH

4. SEE FIGURE 6 FOR GEOLOGIC CROSS SECTION C- C.

5. WHERE NECESSARY FOR CLARITY, THE ORIGINAL DRAWING

WAS MOOIFIED PRIOR TO ADDING NEW (RED) INFORIIlATION.
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SPILLWAY, I GEOLOGY AND SEISMIC REFRACTIVE SURVEY
- - PLAN, PROFILE AND GEOLOGIC CROSS SECTIONS

SOUTH

1'420

I SEE SHEET 3 FOR LEGEND AND GEOLOGY OF ENTIRE SITE

2 SEE SHEETS IG,!I AND 12 FOR LOGS OF DIAMOND CORE HOLES

3 GEOLOGY FRO~ CORE HOLE DATA AND GEOLOGIC MAPPING DONE IN 1973
AND 1975-77

4 FAULT DATA FROM BLUHM a WALCOTT, 1949 (SEE NOTE·I ABovE 1. THIS IS
SUPPLEMENTED BY DRILL HOLE DATA, REFRACTIVE SEISM!C DATA, ADDITIONAL
GEOLOGIC MAPPING, AND TOPOGRAPHIC FEATURES
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NOTES

I. SEE SHEET 5 FOR LOCATIONS OF PROFILES A-A AND B-B.

2. SEE SHEET 6 FOR LOCAT IONS OF TEST TRENCHES 78-2

AND 78-3

3. TEST TRENCHES 78-2 AND 78-3 "ERE EXCAVATED BY A

0-9 DOZER WITH HYDRAULIC BLADE AND RIPPER TOOTH

IN AUGUST 1978 EACH TRENCH WAS EXCAVATED TO REFUSAL.

... SEE SHEET 3 FOR LEGEND.

5. SEE SHEET'~ II AND 12 FOR GEOLOGIC LOGS OF DIAMOND

CORE HOLES SHOWN ON THIS SHEET.

D

I
APPROX. EL,'44Q

~

G, our.d Sur/a:!:

-lIi\ff7niWl'- - - - - -

f ..pproxlmq1e

'0

Tva,Otv

-ijo",~

II~

(0001 )

'0

Floor of Ireno:h

OLDER ALLUVIUM

UPPER ANDESITE

Approximo,t' Bedrock 5urfocf!

D

~
ArpPO"(. EL. 1456'

o,
2
3
4

I- 5
::: 6
... 7
z 8
;: 9
I- '0
~ II
o '2

13

"15

e

6. ROCK UNIT NAMES IN CORE HOLES AND TRENCliES

VlERE ,",ODIFIED Til AGREE Willi MAPPING

NOMENCLATURE BASED UPON RE-EXAMINATION

OF FIELD LOGS AND CORE PHOTOGRAPliS,
~n,

ADOBE DAM FOUNDATION REPORT
SPILLWAY

GEOLOGY AND FOUNDATION eXPLORATION
PLAN AND PROFILES

.. ~. 0.......-..- hUG 19B~ IOISTIKT ':lH NO. 25217

SUIMJTTlO IY, DATE
An"ItOVIO: S~. NO. OACW Of- 10__ ••QQ~

SHEET

7
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72

....m

SAFETY PAYS AMENDED PLATE 5



VALUE ENGINEERING PAYS

OUTLET WORKS WEST ABUTMENT

......
10
OF

n
SHUT'S

SI"IEC. HC>. DACW09·t.Q.__ l-W3A

SEE SHEET 5 FOR lOCATION (IF
TEST TRENCH

ALLUV I UJl4 WAS OR I LLED WITH EITHER

A ROCK BIT OR D I AJl40NO CORE BIT.

NO CORE RECOVERY "AS RECORDED.

GENERAL NOTES

SEE SHEET 3 FOR LEGENO.

2. SEE SHEETS4.58SFOR PLAN VIEW,

SHO"I NG LOCAT I ON OF CORE HOLES.

3. FRACTURE CLASSIFICATION

HIGHLY FRACTURED ROCK-

a" TO ." FRACTURE SPACING

MEa I UM FRACTUREO ROCK-

." TO Ii' FRACTURE SPACING

SLIGHTLY FRACTURED ROCK

OVER 12" FRACTURE SPACING

.(VISIONS

..n

AMENDED PLATE 6

DAn
""""VII>

DATUM 15 MEAN SEA LEVEL

u. $. ~y fNGNH: DlsnltCT
LOS ANGlLfS

COl" Of fNGfNfBS

GILA RIVER BASIN
NEW RIVER AND PHOENIX CITY STREAMS, ARIZONA

ADOBE DAM FOUNDATION REPORT

WEST ABUTMENT AND OUTLET WORKS

GEOLOGIC LOGS
AND

TEST TRENCH - PLAN AND PROFILE

~rr,

~IY,

SUIMITTlO IY,

,, , _"".•"•..lob..,_~,......... ,,-. _AU_G_I!,!O_ I DlST1ltCT fl.lE NO. 252/10

"VLI._'I.o,)_",,,,,t,) I It; gray, hard, ..d. to h,ghly

frat'ured 41.'-50.1', fracture' dip 10·JO· .

VOLCANICS·ANDESITE; 9roy, hord. Frac'ures: /4.2
15.2' h,g"'Y fractured. /.5.2·32.0' ,/'9""Y
froctured, 32.0·8/.2' _d. froctured /IIo,t

f roctures o,e reheo led, c.nenfed .HIt CO Ie i te Of

clo'l ofld ,Iu:g'y d,p'mg Gout}f!rone 56·57'

d' pp, "g 80 0 . F roc'", rB~ O'P or,1I a"9'es, bllr ,"o~1I1 ..t

45·, 6"0·, and 90·.

ALLUVIUM; sandy cloy, tolu. bould." to
6'.-0'" d'o. and ,Iopft .o.h, col'chft ce_"ted.

VOLCANICS-BASALT; darlf gray, sl,g""Y
II'ftSlculor, occasIonal frOC'Ufes and COll'I tIft'
uP'o 3" .rde f,"ed .,th t"te gra,ned o.h
",olerral, Fracture' are ."reglJlar,_d.

d .IIh one piece IB" long.

.VL"...... '''.. -............. " ... ; gray, hard, ..,ostly /lied.
fractured to 41.0' .r'" hIghly fractured
Incre.ents from30-32.0', 36".9-37.6"', and
J8.0-.J!J.8' and hrghly fractured 41.0-6"5.7'
.,th 2 p,eces 10" ond '8" long bet.een 54.5·
57.0'. Fractures d.p 30_60· and occos.onolly
70·90·

ALLUVIUIIf, so"d fo clayey .ond. so_
grOllellr .ond, .0_ ce_ntot,on by

colrche, occos.onol cobble. and
boulde", ,"O~ mdllfofed belOW I• .'

0-1

AGGlONfRATE: buff to to", .ell

(:._"led In colc:oreou' rrch .at" ....
87". Core recovery, Nop,usure tests .er. occompli.hld.
June 1976

e 1 -Y. Core 'leoYlry.
May 1976

ELEV 13~49'

ELEV /34/3'

93 -Y. Core recoyery.
January 1973

ELEV IJ738'

ELEV /j40 0'

celHrrhd. (11'0".'1 of roelll frog.."t, In a ca/

l\car.ou... t"., ..d. froctured,

j!lQ;l

0-14

0-9 ( INCL. 70°)

="
?

HI

4J/'

500'

140'

00'

6~7' t:
94". Call' recovery.
April 1976

00'

8/2'

/0./'

0-11

00'

~
.~n/'

. ~[:>" ••••• _...."~l~l "O,-..,M

00'

AlLUVIUN. ""duol _t.f'ol and t""',, .•04.,·

""'-+-T~~:;~::;7t~·:~,~;:~t.d ,"b-roun••d rKk " •• -

............... AGGLOIIIfRATE; buff to ton. hard, .ell

ALlUVltM; .'0'" ••,1'1 0". t.I". d••rr., bou/•• "
10 S' d,., col,ch. c...",.•.

VOtCMf/CS-'ASALT, dorlf ,roy 10 blod, Iter.,
1I'."culor, occo•• o"ol 'u" ."t.rll'ol ,COIlIt",
f,ll.d ."" ••" 0' '.5·10.0', n.S-4O.S',

1~.~;~~.~',~O~I~~j~:"75~~~ ,r; ~~.2~~ 5~J'" ~f o"d
..... 0· .... 5', fr.C'ur .. d'lI «J.70·, """,cIII.. d,"
"5-50·, ,I,cll.,,,,, ... 0'" 'r.cc,ol,on J' "·37.0'

96 'I. Cor. r,co>J.ry.
Moy 1976

SCALE I IN ~ 20 FT

10 0 10 20 30 40 50
AHA ............. e--±i

0-23

20

10 I NO LOSS

"PM

25

10

10

NO LOSS

NO TEST

NO TEST

DEPTH PSI GPM
I

30

58

10.2'

'I. -'

1/0.1'

151.8

DEPTH PSI G PM
I

10

20

2521 30

/00'

.50./' 50

2.5

7:,-'

~Tt'

506

80'

188'

C£PTI-l PSI

13S0'=!

0-27

PAYS

IOlO)04050

SCAl E' liN a 2.0 FT.

SAFETY

~ASALT; ,rOl, h.rd
fi"o .roi".tI,
a.",,,..f Tr.llch. Au,usf /978

STA, 82 + 00

~oo ALLUVIUM; tolu. d.bri" "op. wo.h,
0° b.fJI4.r. coof,tI with coJiC/lo .

..

z'

4'

/ 511rf~C~_

Q 0 a I Btdro;!- -
/ ftP~'-/ C

~ -JI1,iill(ijlli
BASALT

VOLCAH I CS·-.rmI , 9roy, hard,' I rgh t Iy
II.IIculor,.I'9ht1y fractured '0.' core
prec•• 3' long Occo"onol froctu". and
COII'dlu UP '0 6"".,d. '''Ied .,th poorly
tu ... 11 CI••nt.d frn. groln.d clo.t,c ash

100" cor. "coII'.ry.JULY/978 No prusu"
te'ts. Good wot" ,.turn.

89" cor. r.COllfry.JULY 1978

ELEV 13J7.2'

"

\

0- 26

°-:01 ALLUVIUIif;lilrOl'eily .ond 10
cloy.y 9rOIl'./ly ,o"d .,tn cot/blu
and boulder' '0 J'lIlo"ullu. dro•• t.r

Co AlLUVltJN;,olll' d,bri',bould,,, 10 3'.0•. d1O.

_"'- VOLCAHICS-~;9roy,hord'0
__ lI.ry hord,'/19"'ly 1I' •• ,culor"I'flhtl y
_- 'roctur,d,'o., cor. p'IC.' Oll'.r 2' long

::: ~~c~~~7~:',:~~:;u;;~ho;:O~~;':~.;.~~
c•••n,.d f,n. grorn.d c/o,t,c o.h

0- 39

0- 38

ELEV, IJ42 0' BASALT

'.1'

0,0'

0.0'

31. f'

".9'
203'1

28.0'

Qal

Qal

Floor of Tr."ch

blu. ,rOl, hortl.

111lI·tOFT
10 0 10 20

HOf'IZ0NUl SeAL! A B A A A I F!!T
S O"Na"T, 10

V!f'TlCAL 'CAL! f3 f3 E3 '!!T

TT 78-1 (CONT'O,)

"PM

NO LOSS

NO TEST

NSALT;

"0"0". 0' T,."ch. Augusf 1978

STA. 26 + 00

T T 78-1

3/.J'

7."

~'~~."IAlUW''''iu"COtUO' ,d.t.tI .,·IIy .M'-d.. 'r ..... I, cobbl .. o"d boul4."
:_.' 3-5'.i __',r" "u..,.",
.~:,. thi" loy,,, 0' callch. bel•••"
;';'}.; 2-,'d.p'h.
.:'f

STA. 60 + 00

"0"0". of Tr,"cIt AU9U$f 1978

DEPTH PSI

~:~.
6ASALT; ",,,. 0114 .ro'l, h.rd.

.-:, ALLUVIUM; '0'''' d..,i., .,.,....11I
• - • • 0.,'II,r, Z ~ 5' di."..f" c.",." f,d
~: .. ith colid...,

PLAN - TEST TRENCH 78-1

OUTLET WORKS
PROFILE C-C - SOUT H WALL

TEST TRENCH 78-1

C 10 0 10 ZO v

ot SCALE'" A B "',,:;,1 IN-ton 7 FEET l;;~f~O.t. Ground Sudoer ~
I

~ '~ ,
::' .
z ,- .
Z ,

~:t ~ I
10! I' !

0+00 10+00 20+0q 30+00 40+00 ~O+OO 60+00 10+00 80-+00 90+00

~7'

" I ~_••,

0'

6'
i

BELOW 24,2' GREAT ER PERCENTIGE
OF TAN, CLASTIC TUFF INFILLING

VOLCANICS- ANDESITE' GREY; HARO;
DENSE, CALCITE HEALED FRACTURES

0'

VOLC.. ,CS-8ASALT, dorlf troy to bloclf, hard,
1I"'rculor. n.or/y 0/1 froctur., or. coot.d .. "h
tuff, froctu' .. d,p _o'''y JO· t",d '0· ...."cul"
d.p 30·, •• d,u. to h'9hly fractured INTERVAL FRON
30,1 TO 34,0' TAN, CLASTIC ,TUFF

ALLUVIUN, ,lop• • ",h o"d tolu. d.b"., bould."
to 5' dlo. co/.ch. c•••nt.d.

~~~~~;ri~~~~::o~:~11,~;~y I ~~.~~:~:: ~:;~~.
~=f~'t~J:d f:::i~~::d. Co,. loss due fa po,,"."

,'o"ee""~

9/ '" cor. r,COII.ry. Jun, 1'7'

ALLU~IUM, "I.~.•os;' o"d tolu, d.br", boul ••"'0 5' ••. dio., co'.c'" c..."led.

Hlr'A6C9tlS A66l."AT£, '., ee' , •••• , ••............. ,

~A5UT, •• I • 1)1 .. 'e M ••

'f .. ph'l ' M',,"d

AUUYI!.*. 'o'u' ,I.,• ••..,••,..., _
VOlCMUCS·8ASAU. dorlf ,roy to blot". hord,
1I"'.culor, 'CCO"Oft.; rllff ,nt,rll'oh, ..d'lI8
10 "i';'/y 'ro"II"II. CO" lou d." to ptl6,ibl.
tuff fill.d cll",it"",

ALllWllJff; • 'ope .(I,h a"d tolu' d."""
.Olll••r, 4' .11. d,o., ,o•• tolic",
c••",.t,o".

VOlCAlfICS-MfO£SITE; 9roy, hord,.o,'ly h'9hly
'roc'lIrld roclf .IIh ,ncr•• ,," 0' _d.
'roc'u"d roclf at 4f-47.7', ".9 . .9·51.0', 60.8
72.4', and "'9Mly 'roctur,d ,~o. 72.4·75.0' ••
50_ 'roc til'" or. ',II.d and cooled .1';'
colc,lI. c,_nt.d o,h. Froctllr., d,p 5·10·b.lc.

50.0' .

'f' I.,., It ."",,~.~~
.. ,,' , If d.

8/% cor. r.collery. Jun. "7'

AlLUVIUN; 'and '0 cloy,y sond, '0_ proll.lly
'and, poorly c._",04 '0 12.0', '0_ col,ch.
c••n'ol,on 12.0.17.8', bOllld.r 5' .0•. dro.

leJ~jASALT: dar" ,'oy, hard, II.IIClllor,
.o,t froc'."r., or. ""'lIlor o"d dip '0·
JQ-. 7h. froc'lIr .. o"d co .. ,t,., 0,. f,ll,d
.ifh "M .r.,,," o,h 0112.5·15.0', ".0·
1T.4', 21.0-24.0', 25.5-2(.4', 27.0-28.4',
and 3.9.6-40,5', m,d'il. 'r.clll"d 7.'-4("5'
., th OM II'IC' "" 10"•.

YOlC."S-MSAt,7. ".r" ,r.y to .,.d, Itor',
"","c"l.r, Hc•• , ... 1 '11ft '''',rro'', .4,.
t. It,titl, frH,."r.4

1~/7"

AlwrlUII; ,.,."...". en; ,I.". ••'''.••1.,." f. J' ~I •.

12" CO" r.C.llery. Mey If17

8.!1i 1L c.,. ,.c_try. Mey Ifrr

ELEV 13585'

ELEV./J.J,7.2

[LEV 1346 ,,'

'0 \.oor. r.COy"y.
April 1976

ELEV /360.0'

0-26

0-27

0-25

0-24

0-]3

0-10 (INCL 63°)

4'

J8/

176'

0.0'

00'

00'

o

o30

10

20

30"
40

12

10

20

10

15

65'

,
15

B

.u!I] 35

CEPTI-l PS I

25

,565'1 35

[l(PTH

NO TEST

/6.0'
10

20
Jut 30

5

15 1%

508 35 ~~,- -

DEPTH PSI GP",

-

-



VALUE ENGINEERING PAYS

SPILLWAY
0-3

0-8 0-30

ANOE SITE

IIIedllJM

10"'. as 18 6·63 4'.

$0,1, slope ..ash, boulders

U. S. /JIAMY ENGINE8 OIsnlCT
lOS ANGElES

CQlrs OF ENGINERS

GILA RIVER BASIN
NEW RIVER AND PHOENIX CITY 5T.. £: ......5. ARIZONA

ADOBE DAM FOUNDATION REPORT

SPILLWAY

GEOLOGIC LOGS

reddIsh ",.jlcular

ondUlte and blocll "",cu/or bosalt.

fragments c.men'ed by ash, hl9hly froc/ur~d

79X core reco .. .,y. /110)' /9"

ElE.V /4326'

.(l.• 'd'" ,,,,
;, J~ AGGLCJlERATE . .-h,f. 10 'on.
. _. .oder"t.J" hord, rOCk f,o~.n" to 4" lonp.

•• 11 c •••nt.d. ··~~~~?rtr·~ FLDW-9:R CCIA
VOL.CAHICS..-, (J f. gr .ord, lIeflculof;

.·"h froC'ures coo,.d .,th calc II. or Iron aI/fide .

hlph to .edluM froc'ured 17 0-51 5', lIl.d,u.

frac'ur.d 51 '-547', 559-66 4', 67 4-69 8'.
11 6-71 8'.788-792', and s/Igh1/y

fractured 547-559', 664-67 4'. 69 8-11 6',

and II 8-78 8'. /Oln's dip /0-60·.
'Core lOll due to poss,ble tuff f, /I.d co'" I t ,.,

OlS/GI'«DI",

0- 31

0- 33

100" core reca .. ery. JUNE '978

0-32

0.0' ELEV 14279'

a 0' ELEV /39 ... 0'

12 ALLUVIUM, slop• • a.h'AMYGDALOlDAL
vac ANICS·"....; oray '0 28' 'h.n
reddish oroy. moderatefy hard '0 hard.
Sflohtly'o h'Ohly .. e"Cufar, '.Candory
calCIte rhroUOhoul. h'Ohly fractured '0240'
rhen mod.ro'ely fractured, Slllco/cafc"e
cemented breCCia 266"0 27"~Ii;,

4"

DATUM '5 MEAN SEA LEVEL

00' E.LEV 14494'

REVISIONS

97" core reco~"y. JUNE" 1978

/86'

950'

170'

94 % cor. reco... ry. N• ., 1977

~o ,ALLUVIU/II;to/us debrls,slope .ash

·0· VOLCAHICS-AHOESITE,groy,lfIadero'ely hard,

::~ ~d~'~O'~'~',~,~,,~,~,~,~,~.,~t~",~'~d::::::~~.....--
-:::: I' I, d" d " ' '. d"

---- V"i5LCAii"ICS-ANDES / r(, g,oy ,lIlod~ro'e;y=-- hard .d'lf/se. ""glll, froctu"d

;:,:•• VOlC~IC5-FLOIJ BRECCIA, reddllh bro.n.
-- "o/conlC clas'" up 10 I.O:olterno','y
;0.- den". and ",,11 Indura'ed to ""SICu/or and
~-., cru.b/y.sl,gh,ly f,actured .foul' gouge

5 I - \;~~c~';;~/-::;;';;::~:'?~~'£~h£JeAL ANDESITE
froctured

00'

725'

634'

o

~
~

~
o

8 O·

CEPTH P 51 GPM

8.0'
NO TEST

10

195' 20

2-
15

36n..:.',
-
10

'Ii
"

l~

'0

80' NO TEST

10

25
20

10 -W
" ~44], 20

10
20
'0

641'
40

OC
10

20

'0
40
50 -J19'0'1 60

'0

DEPTH PSI GPM

8

ll.4-----
30<d 10

20

DEPTH PSI GPM

-'-NO~

SCALE: lIN -20 FT
10 0 10 20 30 40 ~O

A A A e-----3 E""'3 '

to/us, slope wash

,....n ~~!'j8"" ECC I A ?
hIgh to ",ed'um fractured rock 45.9·96 5'.
smal/ 10~~ of slightly froctured rocll

670·689', jo,n's dIp 30-90·, core loss due to

paj"b'~ tuff f"/~d COllrtles

92 % cor. r.co.. .,y. Apr I I 1977

VOLCANICS-FLOfI BRECCIA. r~ddlsh bro.n, SOlll. as
bet.un 70-226', hIgh '0 medIUm fractured,
cor~ loss du~ '0 cavitIes

86 X core r~collery. Aprl I /977

VOLCANICS·FLc. BRECCIA; r.dd,sh "'SIculor and.sl'e
frog_ell's ce.. nted b)' ash and colclfe, _d. to
hIghly fractured 34.0~9/.6· Co,e loss IS
probably the result' of poo,'y mdurar.d Cia!
morri...

ALLUVIUN. s(op~ .osh and talus debrIS, boulders
poorly ce_enttd •• ,h ca/,ch•.

VOlCANIC;S-...... da;'11 gro)'. hard and dflnse.
I'es,cu/or, .~d. froc'ured 5.6·17.0', _ed. 10
,,/,phtl)' fractured 17.0-23.0'. h,gh'l)'
froc'ur.d 23.0-31.0' and _d. to sl,gh"y
fractured 31.0-34.0'.

ark gray, hard, slIghtly

veSIcular, ., rh fractures coo'ed WI th CO/CI Ie

or Iron o"ide, h',ghly froctur.d 22 0-38 5'.

400-48.9'.502-669', and 681-73 5'. m~d;UIII

froc 'ured 38 5-40 0'. 48 9-50 2', and 66 9-68 I'

• VOLCANICS-FLOW BRECCIA. reddIsh brown, andes I 'e
frogmtlnls c~",ented by ash and CO/CIte, hIgh '0
med,um fractured 7.0-22.6' COf(! /ass du~ to ground
up h,ghly fractured rock

E L FV /454.3'

ELEV /4548' ~ANOESITE

0-29

0- 28

GENERAL NOTES

7J5'

00'

o

o

o

GPM

NO TEST

GpM

NO rEST

30

ALLUV I UN 'US OR I LLEO "I TH EITHER A ROCK B'i T OR D I A"OND

CORE BIT NO CORE RECOVERY "AS RECDRDED

"

219'

'10

80'

900

DEPTH PS I

SEE SHEET 3 FOR LEGEND

2. SEE SHEET 12 FOR ADDITIONAL GEOLOGIC LOGS OF SPILLWAY.

3. SEE SHEETS4.~86FOR LOCATION OF DIAMOND CORE HOLES.

4. ROCK UNIT NAMES CHANGED TO AGREE WITH MAPPING
NOMENCLATURE. CORES WERE NOT RE· LOGGED.

40

210'

DEPTH PSI

; dor. ,lr.y on
VOlCA.ICS-FLCIr MECCIA, dar. pray ond --'-.ddlsh
...lIcular and.s,te frag_ntl C'Milted by olh
and collch•. /If.d,u. fractured 60 -15.0',
"I,tIt/y fractured 15.0-19.0~...d. fractured
/'.0-39.0' and hIghly 'ractur.d 39.0-~.9'

VOLCAHICS-FlOl BRECCIA, redd"h. "e" 'cu/ar
andu "e frog••nts c•••nt.d by ash and
calIche, _d. 10 hlgh/y fractured.

'Olc•• ,cs.=~~:"Tf'r-."",.,--,-. -,,'-.'--.d-,.-,od""d.-o-..-.
occo"onal "un and,,". ",I.r"oll 0' top and
balta. of strttta. Froclures at all angl.s,
bu' .-o.,ly 35-"0", ani)' ,lIght alteral,on.
,..d,u. to slIghtly fractured *.9-66.8'. h,ghl)'
'r."ur.d ".8-7',0' ...d. frac'ur.d 79.0
87,0'. hIghly fractur.d 87.0-" 2'. and ••d.
'0 ",ghtly froc'ured 97.2·100.8'.

VOLCANICS-ANDESITE.gray. hard, hIghly fractured.
OCCOllonol colc"e fdllng on steep froc'ures
b.t•••n 93.0-100.0'. Frac'ures dIp 50·0' ".0'.
87.5',88.2' and 90.0'.70·0'".2'.72.8' and
93-94·and near-lI.rllcol fro.- 84-86' and 95-100'

AllUV/UN; I lope "cuh ond 'olul debrIS, boulders
4' .-0". dlo. pooriv c•••nt.d .lfh collch•.

~ AGGlC»f£RATE • • h,te to buff color.d.

rocll frof/_nts to I" MO". dlo. poorly to .e"
c •••n/.d In corbona'e·"ch .otr, .. , core loss In
poorly c••• n,.d ,n'.rllals for •• solutIon cOllerns.
_d. to hlohly frac'ured.

ALLUVIUIII, ,urduol _t.""I, SIlt ""'0 !lr" ... '.

VOLCAHICS.ANDCSI1E;gro'l, hord, denu, .od.role'y
fracfured. Frocfu, .. "re cloy and co/crff! 'died.
Fractur •• dIp 4S·iO·, ,-,,-,. _

VOLCANICS.He»' BRCCCIA, r.dd"h brOIl'" 10 9'0'1.
•0"''1 fa" and punic,! to .04.,,,'.1'1 hord ot 7.3
11,0', /5.0-20.0',23.5-26.5' and ",0-68.0'.

Read. II' 'o"'~••ohr.

0-7

D-6

0-5

990/. CO'I r.co..."y
June 1916

ELEV '4494' ANDESITE
AlllJV/UN; sl p• • o.h and "'iQTu. d.~d.rs

, _ •. _- d _'.r

ELEV 14210'

64·,. Cor. reco.... ry. Cor. 10.. due to cO\liti..
Moy 1976

99,. Cor. r.co~'y.

May 1976

ELEV 1.j42.j·

95,.. Cor. r.co...ery.
Februory 1973

f69'

6.0

600'

52' I ~\ ~~L:~~N~,.; ~~P:o:;~~ ::~e~~;~s.~~~r;: ~ ,:~~~ders
VOLCAHICS ....~t;1RR~lr.-hordand dense.
sl,gh"y lI.su;ulor, nUllerous co/clfe lIelnS
'hroughout. Frac'urn dIp all angles. but
1II0stly 30·.60·, and 90·. HIghlV fractured
5.2·35.0', lI.d. fractured 35.0-38.2'.

00'

47

00'

NO LOSS

GPM

NO TEST7.1-'

loa

DEPTH PSI

260'

'0

600

/80'

DEPTH PSI GPM

100'
NO TEST

I 10 ~
20 r32.11'
20
30

4'0 40

"0
20

40
ill 60

20

40

t 60.0

1,,,,,.1,00

DEPTH PSI GPM

e

e

6. SEE SHEET 10 FOR FRACTURE CLASSIFICATION.

SEE SHEET 6 FOR SPILLRAY PROFILE SUlMlmo BY,

-~.~-
e.. •.••, WOAN6i

DATE
AP'l"'ItOIffO:

AlLGmO_

SI"fC. NO. DACW09__Q.Q._ '.QQ~~

DISTincT FIll: NO. 2'2"1

SIt'"
"OF

n
SHEETS
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VALUE EN iNEERING PAYS

s prLLWAY EMBANKMENT

0-34
TT-78-2

0-2

0.0'
l:
.3'

~~"..::...'

p~
I '.:::,

~-'~

ELEV 14/84'

ALLUVllM.t~'l:!.b~

VOLCANICS.....r "roy.CJ;~r'lt.n ... , ••d,u••
Iroc'ured

lIOLCAIIICS-FLc. fJlfECCIA r.dd, .h. I'olcon"
cIa", to '."long,o/'.rno"ly d.n••
ana ... 11 Inaurol.d '0 I"."ulor ond cru.bly,
.or. coep.t.nt cor. 'J ••d,u. '0 slIghtly
'roclurMJ. .

90" cor. r.col'.ry. JUNE /9'6

:0'"
.:.:.~
;:.. :
:::--=

STA.O+~O

ALl.UVIUM; tolu, d.brt'. ,lop. wo,h
bould.r, I-i' d,o. • om, collch.

FLOM' BRECCIA. R.ddi,,, "rO'I1II,"ord,
d.n", o"aJlonoi cia", 01 I'•• icu/or
bo,olf. CoI,ch. IIII.d 10ff'"

Bouom 01 T"nch. (.,uqusr 1978

00'

I
[LEV'-l605'f'l ALLUV·jUN; I'olle.,. './1, sOlid.,. cloy .IIh

o,.O~ oceos rona I 9rO". I and Q~CQ'" ana I , ..." red
~ 0 .nfl",","". Cobbles at 35', and b.t•••" ....
00 ~1.5·. s,d' clay frOI/l 94·9!L5'. 0,1I1,ng IIIUoJ

~ '0' uud Good .ot" "'u," No .""u," to",

flIlli

IJ'

ALLUVIUM; c1oy~y Jo;'d, clayey luff IJ.I8',
gravelly clayey sond and occaSIonal colleht:

and cobbles with bovldef.s to , .... 1ItCJ •• dID.,

poor 1'1 cemented.

[LEV 1337/'

96 % Core rel;QVe,y,

May 1976

°0
'0
O·

·~I/VOLCANlC5-8A5ALT; doric 9roy, hord. sl'!lhtl.,

.... e51'ulor .,th froctures and COIo'I'le$ frllttd

.. lth f.ne IIrolned ash flolerrol 01 30."·33.5'.
39.4.39.6'. ond 42.5-44.5'. s/Igh' '0 ..~d.
"oc'""d. POSSIBLF GRADATIONAL CHANGE TO
ANDES'TE AI 46

No core recovery.
January 1973

1-

E

0-12

25-'

475'

00'

I

1000'

°

GPM

IS

- - -

NO rEsr

JJO
1
25

47S'

DEPTH PSI

T T 78-3

ANDESITE; b/u'''Jroy, clou/.,. joinl.d.

TT 78- 2

1J0f'om 01 Trench. AUQu\1 '971:1

STA.U·OO
.</,,-, ALLUVIUM to/u. d.bo".fop, It'o,h

bou/d." 1-2' dlo.

0'

a

J-.

STA.0.,50
ALLUVIUMl,to/u, d.b", and slop. It'osh

~~~!!J.~ "'01, dlo. ,,/cobblu and grov,1

I _·rrwJ-~;,-,.'t,~nrsh 9rol, 10 bill/sh ,roy,
f,n. hard, It'eo,,,.,,d and ,fom,d
010n9 jo,n" Th. join ts 0" near hOflron'ol
(.h.,f 10ln,,,,g}obout I'-J- opor' ond poroll.1

0-3~

97 .... " co,. r'COII.r., JULY 1978

88.~,

00' ELEV 14.567'

I.~I::--;· ALLUVIUM; to/u. d.b" J •• Iop. u.h. .
.::;... VOlCAHICS-AHDEStTf,9roy;.,.od,rolely hare.
-.:: to hord.d.n",hlghly froeturea and /olnt.d
-:... to 20 I' ,h.n .ed'uIJ 'roc'ured,l'ery

....... ~ ::~::~,onal contoct ."ll FUJI BRfCCCA

VOLCANICS-rLOWfJRECCIA reddlJh,
.0J'/y d.n" ond •• " i"durD,.d 1''''''
occDSlonol cruMbJ., .lanes. ,.cordor.,
('olci', c,m,,,,o,ioll obov. 40 I InlOCl
core only sl/gh III IraCfu"d, orodollonol
conloc' wII" BASALT b.'olt'

__A-NDESITE
VOlCAHICS-'-."ddrsh 9roy 1o 70'
Ihen 9roy.hord to I'ery hord.dense,

HI hIghly froclured to 70.6' th,,, nted,uIJ
froclur.d 1088 6'., Ih occasIonal
fcoC'ur. spaCIng gr.at.r than 1.5'

DEPTH PSI GPM

~~T:Tol--l
~
I INOTEST~

l
~~J ~''. '0 I ~~,
7J.4~

I INO TEST

88·L ---.1 -.1
20 °

e

80"om of r"nch. t1llquSI 1978

0-36

[LEV 13384'

0-19

~
448'

o~ ALlUVIU"': streo.bed depostrs, fln~ sand
o 10 bould~rs 4' In dlo .. unconSO/ldohd.

138' 0

VOLCANICS-BASALT; dork groy. hord, s/lghl'y
I'~slculor. oCCOSlona/ s.o/I I'lIgs ond

solullon COI'IIles. Froc'ur~s ond COI'I"~S

(1-7" ",d~) 'r1/~d .... lth f,"~ grOlned

fJloterlol. S/19htly froctured '042.0' wdh
occoslonol hIghly froc'ur~d .lanes I~ss 'hon
~~froclur~d 42.Q:~

9ts "/0 Core recovery#
May 1976

00'

NO rEsr

448

ISO'

DEPTH PSI GPM

91". CO" r,COI'.r,. JULY /978

~' ~~~~~C;r:~a:ofJ:~~~I:ro.,.01 te~not In9
~ ,n'.rl'ol, 01 cru.bl., " 0••0""01 tlnd
~I hard. fin' 9roln.a hIghly fractured .
••••# JI'9h"Y I'•• ,culor fJASALT Corr/otS dur'Q possibl, fuff IIU,d ce/v,Ii,•.

ELEV 14~B 6'
00' b ,lop• ..o,h~~LUVIU"';ToIU'c!!1ti9'~~

VOLCANIC5.~ Ira~'llr.d.' th

~:~:~~:~:~'~:~. ;tec~:r~,~o~o 0 9'

~~:~ ;~~:IlI::e;! ,:';~' 9'

NO TEST

e
GENERAL OOTES

0-37
I SEE SHEET 3 FOR LEGEND

OEPT", PSI GPM

U. S. MMY ENGINEER c.STlUCT
LOS ANGELES

CORPS OF ENGINEERS

,.."'""""
REVISIONS

GILA RIVER BASIN
NEW RIVER AND PHOENIX CITY STAEAWS, AAIZONA

ADOBE DAM FOUNDATION REPORT

SPILLWAY AND EMBANKMENT

GEOLOGIC LOGS

I [ DATUM IS MEAN SEA LEVEL I I1 SEE SHEET 7 fOR PLAN AND PROF ILE OF TES T
TRENCHES 78-1 AND 7B-3

3 SEE SHEETS 4.566 FOR LOCATION OF OIAMONO CORE HOLES

• SEE SHEET" FOR ADDITDNAL SPILLIA, GEOLOGIC LOGS

5 AllUYilil lAS DRILLED 11TH EITHER A ROCK BIT OR A
DIAWOND CORE BIT NO CORE RECD'ER, lAS RECORDED.

6 SEE SHEET 10 FOR FRACTURE CLASSIFICATION

7 SEE SHEET 6 FOR SPILLWA, PROF ILE

B HOLES 0-15 THRU 18 WERE DRillED 11TH A PLUG BIT 0' TO SO: TO RUN
AN HECTR IC LOll" N6 SUR'E'. FOR DATA SEE FOUNDAT ION
MATERIALS BRANCH FILES, US ARlO' EN61NEER DISTRICT,
lOS ANGELES. FOR LOCATlDN,SEE SHEET 4SCALE liN· 20 FT

ELEV /444 ,.

ALLUVIU"';ToIUJ d.brIJ.slop, .osh

VOlC""'CS-_A"~/.T~dd•••',n' b,low JI',.od.ro"'Y fford.d.n,.,
hlilh/y Iroctured ond jo/n"d

0.0'

u)'

J •. I'

~i~ VOLCANICS-FLO'tJIBR£CClA; r.dd,sh
!!~£==f:;:: brolt'n, 1t'.11 c.m.nl.d It'"h colcit"./iglf",

;::~. ,'roclll,"-.fI
;::::. VOLCANICS-IIASALT/FLOW/lRECClA; d.r.

,r" ."fI/I,M.r.",n. bo.o/l " hord .,/,h1l,
_ 1' ••1C1l/0r, m.dlu", 10 ,11,htly "oclur.d
....... If " ,.,or.'.d /nlo Inf.r~O" I ... fhan 2' 'hlC.

~!/~.II"'.'Ybra"n 110" mo/."al "I'.rol,nc""

",.. ur. r.co".r,. JULY 1978
696'

NO TEST",'

~. ~..-...A.UG 19..BO_ 1DI5TMCT 'IlE NO. 252112n.,....c--".-;•••c'."'--..........

'0 10 20 30 40 !l0 SUlMJTTEO IV, DATE.-0_ SI'fC. NO, DACWD9· _80_ '·Q035 "'EEl
IZ
Of

72
SHEETS

SAFETY PAYS AMENDED PLATE 8



VA LUE ENGINEERING PAYS

IS
""72-

.-L'::'.=l-

;,

N ~,~OO

U-L __ ..-cT

LQI-.sClDIfII Of _S

'NC. NO. DACW 0'- _.a... 1-0038

DllttM:TfU ..O. 252113

H!UO\1~~~£ <lH, (,

IIVIIION'

LEGEND

-

I ..

AUG 1910

AMENDED PLATE 9

Al"HOVtO:

OATUW IS MEAN SEA LEVEL

tlLA "IVI" MIIN
Ifl. "IVfllt ANO '"Of"" Cln' STU...... , AIIIIZO..A

...:. t- H 911,600

ADOBE DAM FOUNDATION REPORT

ElotlANI<MENT FOUNDATION

EXPLORATION' PLAN

~,.-- ~.

......,..
"

--

-
~-~

NOTES:
L FOR LOGS OF TEST HOLES, TEST TRENCHES AND fEST PIT, SEE SHEETS 14

THROUGH 11 .

2. THIS DRAWING TO BE USED FOR LOCATION Of EXPLORATION ONLY, SEE OTt4tR
DRAWINGS fOR RECENT TOPOGRAPHY AND DETAILS or CONSTRUCTION

TH 76-1 LOCATION AND NUM8ER OF TEST HOLE, INCLUDING
• YEAR DRILLED.

TT 76-2 LOCATION AND NUMBER OF TEST TRENCH, INCLUDING
- YEAR EXCAVATED.

TP-I LOCATION AND NUMBER OF TEST PIT.
I

,.. 918,400 .

€E~

" .,/

..,i·~
I
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- '-

I."

,..-' J'

II , I"" Q11.J.'0('

.#" lool'

['-
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VALUE ENGINEERING PAYS

,,,

135

'37

1360

13€5

65115151

5,II0Is

I; 15

1:'\45

1350

~41 H

IltTI

5'
641'015,

611,sIsc

;:2

51114

1340

51 I 12 I sci

1335

9511315al:

6'111

611 I I!~ ,j55

61111

61110

601'1

16111~
8.1 1691

411101C,

101'91510,

80+00 -----,----
I
I

5911015'

5911115

611 9 I~P

IlII0lsei

6'~l_ S

1911

S91'l,
se

SIIro lSC

6511

10119

e
"IIIIC'

61110

5'I61
sP
sci

6l

'9111~

1915llel

TT 76-45 ____
~ -2011

"I" Ise'

------

7C+OC

SPI5ll,i1se

61111

___ +41 HARD CEMENTED
MATERlAL

Sll'6

1'1'1

1011ise

55114

491 14 lee

6HU
9lT'ITlsc

s.
SO lOse

91 II so

601.6

6911SlsM

6.I'llse

6.llls

511'01 1:

.11 61 CP
e'

SCi
!ill!
511,9

,OOl1llel

TT 74 -9 -----• loJU ;;;--

---

6615se

60 9 ~
aD 4 SP

1,I131se

501'01:;

111 "I\!

5'
se

561,0'

1511l1S'

SIII1'
sel

53

651 1 '5

1111

6SZSSN--

55 '0 ~I

151'91se

6ll'1

9.15l1Cl

TT 76-1

,ep

191'

41 I 1

51112' SI

TT76-ly
'4 -00
16 11 5

5111

60+00

/'

6011

'.17 1$'

90141

8.1 H

511'1

61l'llsel

1519'51;

SIf

66111

611 1. ISII

/
6ll'II S01/

se

1511,Isel

1611l

69l"l:e

ut-ml'!

9316610l

611 9 'SW!

1111

/'
TT76-22
- ~ -200

4& I 10

541 6 'i~'

sOllie,

1,I151se---- ------ ----

16'Ifl
I~T~sel(p:m:- 6111

Depth of Exploration

Tr~nch to Station 79 + 65

SII

54115IS(;

Jlltl

T1I'TISN

991161eH

64115

51111i5W'
se

611'1

,ool691el

191'5

11119

6'1",
,se

TT 74-4 fAPprox;mafe Exist"
, .100 109I1J- Ground Surface

5'1'1:~ ---- /____ TT76-!5
--- -4 -100

Approximate Depth

of Foundation

Excavafion

491141CN

551'4

SN:
61116

9916910

L-L-LJ-- - ---

PROFI' E Ac.ONG t. OF EMBANKMENT FOUNDATION

20 0 20 40
SCALE _ - - HET

VERT SCALE
200 0 200 ~oo

SCALE - - - FEET
HORtZ SCALE

40+ 00 '50+00

--

----

HII141s11
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-4 -100
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,340

1345

.!~O

,':::l

1360

135~

1365

1270

1370

1290
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1310
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13:'0
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Notes 8 Legend'

for compl,t.
GILA RIVE" BASIN

HEW IHv[ll1 AND PHOENIX CITY 5T"E .....S, ARIZaH"

ADOBE DAM FOUNDATION REPORT

EMBANKMENT FOUNDATION

PROFILE '1or
72.....

1305

. 1310

DlSTtltCf flUNO.252117

$PfC NO. OAew 0'. .A.Q._ I_ 003S

AUG 1980

OAn
,,,,,.0'1'£0:

-,IVtSIONS

U. S. _ IHG_ DlSllIICT

lOS ANCl&a
COOfI Of'_5

",;;,-':.~ .....
_or,

........ ",

_n,

_...

SO Il

46 12 %~'

11141

I). See Sheet 14 for Unified Soli ClassificatIon
System Legend and Gen.ral Notes.

2). Se. Sheets 14 1017

lolt 100'.

31 See Sheet I 3 for plon.

1111115'9516.le

6'114lsel

EM B ANKMENT FOUNDATION
MATERIAL GR~CATION

VERT SCALE

..... 10_ _ • FEET
SCALE

5.111
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11111

11134

11 II

10 II
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VALUE ENGINEEIING PAYS

FOOT

r ...t ••• ...ell .ft., E"•••H'ft
.. CI.... u,.

~__i..

2" 1.0. !!II.ell Pi,..

GROUTING

~~~c

SEE FIGURE 7

1460

1440

1420

1400

1380 ~

!
1360

1340

1320

1300

1280

IHOO
1260

14+00

",.'tllI''''.'' gTOlJhtl IlIfff/C,

13+00

FOR
CURTAIN

PLATE 3
GROUT

SEE
AS-BUILT

11+00 12+00

PROf'LE (Ii. CORE ZONE!

SCALE: ~~:r~~~~A~ 't~iH~.2~~i.

10+00

1460

1440

1420

1400

I

~"~ ~

I
I
I

1360
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GILA RIVER BASIN
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GENERAL NOTES:
I. Place 5.0 rt thicK qrovel drain on FOl,indation From 5ta.9+601

to 5to. 13 +20. From 5/0./3 +20 to 5/0.85 + 90 place 3.0 Ft.
frllCK grovel drain on Foundotion.

2.For Plan ond ProTtle of EmbonKment, see sheets 2':> thru. sheet 37,
3.Esthefic Treotment Fill on sh,pe, not shownj 5tU sheet, 4-7 thru. 49.
4.For Pion of Grouted Gutters, see sheet 29.
5. IZ" Filter moteriol .t 15l/stone, Tllpe II, u~ed ror downstr~om toe

protection is fo run (rom 5to. 12+")6 to Sta. 8S + 90.
~. Views of cross sec!iar,,, are looking eastword toward Increasing

stations.
7.Minimum widths of 5 tt. between Sto.IOfoo:t and 5/0.85+90 ond 3ft.

between 5ta. 85 +9CJ. and 5to.121+10 or~ re"Ruired for Ihe inclined
(; verl//ol on 10 horizon to I ) portr,.n of th.. grovel dro/n. The widths
'2CJ¥lit1o)27r~,;~sf(j>~h~heF,,');r:l"'~~r.;irn'7i:;hl.nJence>but ot no
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ADOBE DAM FOUNDA nON REPORT

GILA RIVER BASIN
NEW RivE" AND PHOENIX CITY STREAMS ARIZONA
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INTRODUCTION

The purpose of this investigAtion ~s to report on the

~enesis of the volcanic rocks exposed in the abutment and

spillway cuts for the Adobe Dam site. One day of field work

was mAde on May 16, 1981 by M.F. Sheridan and S. Self, and an

additional day was spent on analysis of samples and photographs

taken on the site. Additional data was obtained from thin

sections provided by D. Lukesh and from Scanning Electron Micro

graphs made in the A.S.U. sedimentology laboratory.

ABUTMENT

The abutment excavation exposes a thick grey lava flow of

intermediate composition. The rock varies from a dense lava to

a porous vesicular material. In places the outcrop is massive

and strongly jointed, but locally the lava is composed of large

blocks separated by a sandy/silty matrix.

Rock type. In hand specimens the lava is vesicul&r and could

be termed a porphyritic trachyandesite or latite. The exact rock

name would depend on the chemical composition. 'Feldspar pheno

crysts and megacrysts are common. The intermediate composition,

high crystal content, and vesicular nature suggests a high-viscosity

lava. The lava is well-jointed, typical of high-viscosity lavas,

and the conjugate joint set appears to pass through the entire

flow. At this location the lava is greater than 12-15 m thick,

not unusual for typical stubby flows of this composition. Another

feature of this lava are discrete xenoliths (ca. 10%) of aphyric

lava. These clots would also tend to increase the viscosity of

the lava leading to brecciation.
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An examination of thin section #3 from the spillway breccia

supports the field observations. Plagioclas. oocurs as large

phenocrysts and as groundmass laths. Most of the larger crystals

have a wide reactio~ band of melted an' reacted material surrounded

by a thin outer zone of fresh overgrowth. Both orthopyroxene

and clinopyroxene occur as crystals in large clots together with

plagioclase. A few large quartz crystals have strong reaction

haloes of clinopyroxene. These textures suggest strong disequi-

librium that is typical of the mixing of magmas of different

compositions and temperatures. Thus,this lava represents a viscous

hybred magma that should be distinctive in its physical character-

istics and chemical composition.

Joints. The main abutment fractures appear to be typical

cooling joints. At least three major sets occur. subvertica

with 40 0 and 1200 strikes and subhorizontal with a dip of 100 to

o 0
32 in the direction of 230. The subhorizontal set has curved

joint planes and may be 'ramp' joints that developed 1n the st111-

flowing, highly-viscous lava. The subhorizontal rubbly zones of

blocks near the top of the exposure may represent flow unit con-

tacts, but the entire exposur~ probably represents a single massive

flow. Some brecciation occurs along joint planes, but this is

probably due to stress in the cooling lava, rather than due to

tectonic movement.

Joint f111ing. Subvertical joints and spaces between blocks

are filled with an unconsol1dated but slightly indurated lithic

ashy sand. This material is laminar-bedded to wavy-'bedded in

places (see Fig. 1). The two principal coarse components are

an~ular clasts (up to 5 em) of the host lava derived from the

joint walls, and weathered pumice fragments. Silicic ash forms
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a lqrge component of the sand. The median-sized material con-

sists of quartz, feldspar, and volcanic glass.

Figure 1. Bedded sands, joint filling in abutment site lava flow.

pencil shows scale. Note the wavy laminar-bedding to the

left of the pencil. The white material is caliche (caC03),

also present on joint faces.

TA.BLE 1. Grain-size analyses.

Adobe 3

Md 0 = 3.1 (ca. 0.125 mm)
very fine sand

tS'0 = 1.5
moderately poorly sorted

cJ... 95 = -0.4
coarse tail graded

Adobe 5

contains coarse clasts
and is more indurated
than Adobe 3. Too in
durated to disaggregate
without altering grain
size. Large clasts are
mainly host basalt.
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In order to interpret the origin of the joint-filling sand

at the abutment site a mechanical size analysis and scanning

electron microscope investigation was made. A summary of the

data from the size analysis is given in Table 1, and the details

of the analysis are presented in Fig. 2. The SEM investigation

revealed the essential primary features of the sand grains, the

nature of the cementing material. and the effects of solution

and reprecipitation on grain surfaces.

The particles are ch1erly volcan1c glass (Figs. J & 4), quartz.

and feldspar (Figs. 5 & 6). In many cases aggregates of grains

are cemented by secondary minerals (Figs. 7 &8) which are mainly

calcite with minor zeolites. In some grains a coating of secondary

material has subsequently been etched to reveal the primary grain

~tructure by solution of cementing materials (Figs. 9 & 10). other

grains show secondary growth of small oriented projections (Figs.

11 & 12). Although only a few of the textures are illustrated

in this report, approximately 60 grains were studied to reach our

conclusions.

Or~gin of the joint-filling sand. The blocky surface of the

abutment lava flow prOVided an excellent trap for wind-blown sands

moving across the desert surface. The grain-size of the sands 1s

similar to that of typical desert dunes. The surface textures of

the grains. as revealed by SEM. show little evidence of abrasllon.

indicating a .local source. The majority of the grains are of

volcanic origin·, as is obvious for the pumice and glass shards.

It seems likely that this volcanic sand is related to the prominent

silic1c ash deposits exposed at the northern end of Lake Pleasant

and extending northward to New River and Black Canyon. These ashes

are interlayer.d with basalts and trachytes dated at about 10 m1llion

years ago.
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Figure 3. SEM photomicrograph 75001. Pumice fragment with
attached secondary minerals. (315X)

Fi~ure 4. SEM photomicrograph 75025. Glassy plate with adhering
secondary minerals. (500X)
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Figure 5. Feldspar crystal showing minor surface impact
features indicating only slight abrasion during transport.
()15X) SEM photomicrograph 75002.

Figure 6. Feldspar crystal with good primary morphology. Edges
and corners are well-preserved indicating only minor abrasion
during transport. (500X) SEM photomicrograph 75010.
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Figure 7. SEM photomicrograph 74911. Aggregate of angular frag
ments cemented by secondary material. (184X)

Figure 8. SEM photomicrograph 74916. Aggregate of platy and
angular fragments cemented by secondary minerals. (200X)
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Figure 9. SEM photomicrograph 74929. Pumice fragment with
a smooth coating of secondary minerals. Subsequent solution
etched the coating to expose the hidden vesicular texture.
(180X)

Figure 10. SEM photomicrograph 74930. Detail of pumice structure
in 'be ~raln shewn above. (900X)
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Figure 11. SEM photomicrograph 75009. Feldspar crystal showing
secondary ~rowth on crystal faces due to groundwater per
colation. (J50X)

Figure 12. SEM photomicrograph 75010. Detail of overgrowth on
feldspar crystal face. (2500X)
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It seems likely that shortly after the eruption of the blocky

hybred lava at the abutment site, ashes were blown from the northern

silicic center covering the surface and filling the cracks. The

laminar bedding of some of the sandy zones suggests some water

reworking of the material into the cracks. It should be noted

that a similar bp~kY lava surface at the spillway site does not

have sandy infilling material. This suggests either a short time

of surface exposure for these lavas, of a restricted time during

w~lch this ash was transported southward. This would be the case

of the silicic ash were transported during a period of active

volcanism near New River.

SPlLLWAY

The spillway excavation exposes a 20-25 meter thick section

through a complex pile of at least three intermediate lava flows,

all of which were erupted subaerially. The flows are very rubbly,

well-jointed, and in places show intence flow foliation and jointing.

This section was studied in the field and a composite photo~raph

was made for the outcrops on both faces of the excavation.

Rock types~ The lowest lava flow exposed in the spillway

excavation is very similar to the one at the abutment. Above this

are two less vesicular flows in complex superposition. Highly

fragmented breccia occurs between flow units. The irregular topo

graphy of the contacts may indicate sill-like intrusions into

breccia levees at flow margins. Thin section observations indcate

that the mineralogy and textures of these lavas are also similar

to the material at the abutment. The plagiocalse phenocrysts

have a wide reaction band of melted material that is surrounded

by a thin zone of fresh overgrowth. Clots of plagioclas~ inter-
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grown with clinopyroxene and independent crystals of clinopyroxene

with hourglass zonation are common. Sc~ttered quartz grains have

strong reaction haloes of clinopyroxene. Mafic blebs in the lava

contain plagioclase and clinopyroxene, but no tlivine was observed.

The textures vary from glassy to holo~rystalline. All of the

above features suggest that the lavas have a common oirgin and

are part of the Same complex that evolved over a short period of

time.

StratigraphY. The various features were identified on the

composite working photograph and in the field. The oldest lava

is exposed at the NE end of the cut. It has a very rubbly surface

and appears to be the Same lave as that exposed at ~he abutment.

This lava may become more massive downwards as excavation proceeds,

but at the time of the field work only the rubbly top was exposed.

The rock is vesicular, scor1aceous, and has abundant aphyrlc

inclusions of basalt.

The second lava is a strongly fragmented flow that underwent

extreme brecciation at the time of emplacement. podn of coherent

lava, which may be old lava tu~s, channels, or sills, are seen,

but in general the lava is composed of loose bloc~s. This is

a common- characteristic of some intermediate composition lava

flows resulting from flOW-induced shear and incipient rupturing

that is termed 'autobrecciatlon.'

The third lava caps the undulating surface of the other flows

and fills deeper depresions, forming vertical sides to some parts

of the flow. Later regional tilting has produced apparent over

steepen.d flow margins. This flow is more or less coherent, and

hqs extreme platy jointing that appears contorted into a swirling

pattern. Calcite and opal occur as coatings on joint planes.
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This last lava is glassy to microcrystalline, aphyric, in

the groundmass and lacks abundant megacrysts common to the other

lavas. All of these rocks are hybred and could be called trachyte

to trachyandesite, although they can not really be distinguished

without good chemical analyses.

The capping material at the NE end of the excavation is

a calichified breccia. This material was probably empalced by

mass flowage (colluvium?) during the time of a wetter and colder

climate. This unit has now hardened into a firm calcrete-like

material.

structures. All of the flows are strongly jointed and brec

ciated. Most of this fragmentation appears to ~Qve been primary

(related to lava emplacement), and there is little effect of

tectonic activity that is recorded in the rocks. Small faults

of up to J-4 m were noted in the excavations. These could have

been the result of displacements related to volcanism or to

later tec~~nism. The pr~ncipal fault seen in the spillway strikes

at 1750 and dips 75/850 • This fault may be of lical origin or

related to Basin and Range faulting. Obviously, the entire abutment

block has been faulted up by Basin and Range tectonism after the

emplacement of the lavas. However, the main Basin and Range faults

are now probably covered by the valley fill material to the east.

CONCLUSIONS

The sequence of volcanic materials exposed at the spillway

and abutment sites represent a complex lava flow pile. These

lavas are of intermediate hybred composition and had a high

vlscolsty at emplacement. The high viscosity led to strong
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autobrecciation and blocky, jointed flows. The joint-filling

sands at the abutment site are of aeolian origin from a silicic

volcanic source, probably in the vicinity of New River. This

sandy infilling probably continues throughout the blocky part

of the flow.
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structures and
is reserved to
in the opinion
warrant such

shall make all

1. GENERAL. Excavation shall consist of the removal of every type of material
encountered except materials covered by the provisions of the section:
CLEARING SITE AND REMOVING OBSTRUCTIONS in the designated areas, or from other
areas as directed, to the lines, grades, and elevations indicated. The
material to be removed may include but is not limited to earth, hardpan,
caliche, silt, clay, sand, gravel, cemented sand and gravel, rock, adobe,
detached pieces of ston~ and concrete, rock fills, existing fills of
miscellaneous debris and rubbish, and other unsuitable materials. Slope lines
indicated on the drawings for temporary cuts do not necessarily represent the
actual slope to which the excavation must be made to safely perform the work.
Excavation for permanent cuts shall be made to the slope lines indicated.
Excavation shall be performed in a manner which will not impair the subgrade.
Except as otherwise specified, the finished surface of subgrades shall be
smooth and shall not vary more than one 1/2-inch from indicated grade. The
exploration trench and foundation excavation for the embankment shall be
conducted in a uniform, continuous manner beginning at the west abutment and
proceeding easter ly in complete section increments in reaches of sufficient
length in which construction equipment can operate efficiently.

1.2 Equipment. All plant, equipment, tools, and machines used in the
performance of the work covered by this section shall be subject to the
approval of the Contracting Officer, and shall be maintained in satisfactory
working condition at all times. Excavating equipment used in the areas from
which fill and borrow materials are obtained shall be capable of excavating to
varying depths and of producing the necessary blending required to consistently
meet the specified gradation requirements.

1.3 Excavation Limits. Limits of excavation for the various
parts of the work are as indicated on the drawings but the right
increase or decrease the depth or areal extent of excavation if,
of the Contracting Officer, the conditions encountered
modification. Except as otherwise directed, the Contractor
excavations to the profiles and sections shown.

1. 4 Tolerances for Rock Excavation. Deviations from the lines and grades
shown. on the drawings or established by the Contracting Officer for excavation
in rock shall be within tolerance limits of 9-inches, except for those
excavations against which concrete structures are to be constructed.
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Excavations for concrete structures have certain reference lines designated as
"A" line and "8" line. The "A" line is located 9 inches above the "8" line in
all inverts and 6 inches inside the "8" line in all walls. The "A" line
repr~sents the inner tolerance limit inside which no rock will be permitted to
project. Any projections inside of "A" line represents the inner tolerance
limit inside which no rock will permitted to project. Any projections inside
of -AM line shall be removed. No timbering will be permitted to remain inside
of the "A" line. "8" line is the line to which measurement for payment of
excavation will. be made, and is considered to be the final excavation line
indicated on the drawings. Measurement for payment will be made to this line
regardless of whether the limit of the actual excavation fall inside or outside
of· it, but, sufficient excavation inside of this line shall be performed to
provide for the proper installation of steel reinforcement and placement af
concrete. Any excavation beyond the "8" line shall be replaced with concrete
complying with applicable portions of these specifications without additional
cost to the Government.

1. 5 Disposal of Excavated Mater ial. Excavated mater ial determined sui table
for embankment or stonework shall be placed in the embankment and stone
protection areas as directed or approved by the Contracting Officer, or shall
be temporarily stockpiled for later use, except as otherwise specified
hereinafter. The gradation of the excavated material will determine the areas
of placement. Excavated material determined unsuitable for embankment shall be
disposed of in the disposal or borrow areas (after excavation therefrom) as
specified herein. Upon completion of the work all temporary stockpile areas
shall be so graded that adequate drainage will be provided and shall be
smoothly and evenly dressed and left in a neat and satisfactory condition in
accordance with the sections: SEEDING and ENVIRONMENT PROTECTION. Disposal of
material in barrow areas shall be performed in suena manner that the amount of
material in each borrow area selected for disposal purposes is equally divided
between the areas. The material shall be placed in uniformly, even layers and
shall be uncompacted except for that obtained from the movement of the
equi(:Dent.

2. PRESERVATION OF PROPERTY. All excavation operations shall be conducted in
such a manner that street pavements, utilities, or other facilities and
improvements which are to relQain in place permanently will not be subjected to
settlelllent or hor iz,...~t:~l &IlOvelllent. The Contractor shall furnish and inst~ll

sheet piling, cribbing, bulkheads, shores, or whatever means may be necessary
to adequately support material carrying such improvements or to Gupport the
improvements themselves and shall lBl1intain such means in FVsi tivn until they
are no longer needed. Temporary sheet piling, cribbing, bulkheads, shores or
other protective means shall remain the property of the Contractor and when no
longer needed shall be re~ved from the site. The Contractor shall submit for
approval shop drawings showing proposed method of bracing which he intends to
use. All shoring and bracing shall be designed so that it is effective to the
botto. of the excavation, and shall be based upon calculation of pressures
exerted by and the condi tioo and nature of the mater ials to be retained,
including surcharge imparted to the side of the trench by equipment and stored
materials. Re.aval of shoring shall be performed in such manner as not to
disturb or damage the finished concrete.
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3. EXCAVATION, EXPLORATION TRENCH. Exploration trench excavation consists of
the relOC)val and disposal of all material between the lines and grades
indicated. All l<X>se boulders and debris shall be removed from the sides and
bottom of the trench.

4. EXCAVATION, FOUNDATION. Foundation excavation consists of the removal and
disposal of all material between the projected bottom of the embankment and the
existing ground line, as indicated.

5. EXCAVATION, ABUTMENT. Abutment excavation shall consist of the removal and
disposal of all materials between the existing ground surface and the top of
bedrock or as indicated on the drawings. All objectionable materials,
including overburden, weathered and intensely fractured rock, and detached
blocks and slabs, shall be removed to a suitable foundation rock.

6. EXCAVATION, CHANNEL.
disposal of all mater ials
materials may be used in
required fill.

Channel exca,vation consists of the removal and
wi thin the lines and grades ind ica ted. Sui table
the compacted outlet works fill portion of the

7. EXCAVATION, ACCESS ROAD. The excavation for the access roads shall consist
of the removal and disposal of all materials to the lines, grades, and
elevations indicated on the drawings. Suitable material excavated from the
access road shall be placed within the fill portions of the roads or used in
the random fill portion of the embankment.

8. EXCAVATION, SPILLWAY AND OUTLET WORKS. Excavation consists of removal and
disposal of all materials, from the spillway, outlet works and related
structures to the lines and grades indicated on the drawings. Excavation
methods (whether by ripping or blasting) shall be controlled to prevent damage
to rock outside prescribed limits of excavation. If drainage occurs due to
excavation methods utilized, the Contractor shall discontinue his operation and
complete excavation work by smooth blasting method specified in paragraph:
BLASTING. Mater ial suitable for stone protection shall be used as bedding or
type III stone.

9. EXCAVATION FOR STRUCTURES. Excavation for all structures shall be made
accurately to the lines, grades, and elevations shown or as directed.
Dimensions and elevations of footings and foundation excavations shown are only
approximate and may be changed if necessary to assure adequate foundation
support. Trenches and foundation pits shall be of sufficient size to permit
the placement and removal of forms for the full length and width of structure
f<X>tings and foundations as shown. Rock or other hard foundation material
shall be cleaned of loose debris and cut to a firm surface, either level,
stepped, or ser rated, as shown or as directed. Loose disintegrated rock and
thin strata shall be removed. When concrete is to be placed in an excavated
area, special care shall be taken not to disturb the ·bottom of the
excavation. Excavation to the final grade level shall not be made until just
before the concrete is placed.

9.1 The finished surface of the outlet works subgrade shall not vary from the
indicated grade by more than 1-1/2 inches when tested with a lO-foot straight
edge. Excavated mater ial suitable for the required fill may be used in the
random fill portion of the embankments.
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10. EXCAVATION, BORROW AREAS. Borrow shall be taken from the borrow areas
indicated and at locations as directed. An excavation plan and methods and
equipment to be used in excavating the borrow area shall be submitted to the
Contracting Officer for approval prior to excavating in the borrow area. No
borrow excavation shall be permitted within 300 feet of the embankment. The
depth of cut in all borrow areas will vary and shall at all times be controlled
to produce the specified gradations. Material shall be excavated with an
inclined or vertical cut face for the full depth designated or required for
each borrow area. Excavation shall be performed in a manner which will produce
IIlllximuJU blending of materials from top tc bottom of the excavation. The
excavation shall be conducted in such a manner that the borrow area will not
pond water. Moisture shall be added before the excavation and dur ing the
blending if mixing plants are used. All borrow material shall be blended and
moistened for the full depth of excavation prior to placing the mater ials on
the embankment to meet the requirements specified in section: EMBANKMENT. The
methods proposed for transporting material from the borrow area to the
embankment shall be submitted for approval prior to use. If haul roads are
required, the Contractor shall construct and maintain such roads. Upon
completion of excavation in the borrow area all slopes shall be not steeper
than IV: 48 and the areas shall be left in a neat condition, graded to drain
and in accordance with the requirements specified in section: ENVIRONMENT
PROTECTION. Unsuitable materials shall be wasted as directed. Areas of highly
cemented materials will probably be encountered within the borrow areas.
Whenever, in the opinion of the Contracting Officer, it is necessary to change
the location of the excavating equipment working in borrow areas in order to
obtain specified mater ial, the Constractor shall move his equipment to a new
location at no additional cost to the Government. The Contractor shall provide
sufficient personnel in the borrow areas to monitor the excavation and direct
the disposition of the excavated materials.

11. EXCAVATION, DENTAL. Unsuitable materials on the west abutment occurring
in pot holes, scour channels or other small depressions under lying the core
material zone of the embankment shall be removed and disposed. When conditions
are such that unsuitable mater ials must be removed using hand methods for
excavation, all materials removed in this work will be classified as
-Excavation, Dental,- regardless of composition. The Contracting Officer will
determine, in the field, the extent to which such mater ial shall be removed,
including the depth, dirpc~iou and dimensions of the excavations.

12. SCALING consists of the removal and disposal of bedrock mater iz.i from
vertical and over-hanging rock ledges on the west abutment, wittin t~le cut off
trench below streambed, and elsewhere as directed. The required scaling will
be indicated on the ground surface with stakes, paint or like means by the
Contracting Officer. Large rock overhangs and protrusions shall be removed to
a relatively uniform slope by means of line dr illing and blasting. Mater ial
excavated from the areas scaled shall be disposed of in the designated waste
areas. Scaling within 100 feet of areas to be grouted shall be completed prior
to commencement of grouting operation. The abutment above streambed shall be
scaled before any work is commenced in the streambed near the abutment toe.

13. STONE GUTTER. Excavation of stone gutters shall be accomplished by
cutting accurately to the cross sections, grades, and elevations shown. Care
shall be taken not to excavate gutters below grades shown. Excessive open
gutter excavation shall be backfilled with satisfactory, thoroughly compacted
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material or with suitable stone or cobble to grades shown at no cost to the
Government. Materials excavated shall be disposed of as shown or as directed,
except that in no case shall material be deposited less than 4 feet from the
edge of a ditch. The Contractor shall maintain all excavations free from
detrimental quantities of leaves, brush, sticks, trash, and other debris until
final acceptance of the work.

14. REMOVAL OF UNSATISFACTORY SOILS. The removal of soils which are
unsatisfactory for foundations of the embankment, structures, roads, and
drains, may be required in certain areas. The Contractor will be required to
excavate any such areas to the depth directed and backfill the areas with
compacted fill conforming to the requirements of the sections: FILLS AND
SUBGRADE PREPARATION; and EMBANKMENTS.

15. DISPOSAL OF EXCAVATED MATERIALS. Excavated materials suitable for
required fills shall be placed in temporary stockpiles or used directly in the
work. The miscellaneous fill areas are required fills and shall be filled in
accordance with the requirements of the sections: FILLS AND SUBGRADE
PREPARATION; and EMBANKMENTS. All excess excavated materials, unsuitable
material from the borrow area, excavated materials not suitable for fills, and
unsatisfactory materials shall be disposed of in the disposal areas indicated
on the drawings. No excavated material or waste of any kind shall be disposed
of at any place beyond the limits of the work under this contract without
express authority. The stockpiles and disposal fills shall be placed in a
manner to preclude ponding of water.

16. LANDSCAPE STONE.

16.1 General. Landscape Stone 1S defined as basalt with a natural desert
varnish (dark colored) finish on no less than 40 percent of the exposed
surfaces. The sizes and quantity of stones salvaged shall be within the limits
indicated on the drawings. The Contractor shall choose stones that are as free
as possible from fractures, cracks, and chipped surfaces.

16.2 Source. All stones required for landscaping work shall be salvaged from
the west abutment and spillway area. The Contractor shall use only those stones
lying within the areas designated for excavation.

16.3 Handling and Storage. Stones shall be selected and removed before
excavation work begins. Stones sha 11 be handled with care so that chipping,
cracking or breaking of the desert varnish finish will not occur. Rocks shall
be stored at a safe location, away from haul roads and other areas of heavy
construction activity. Upon completion of the work, any excess stones shall be
disposed of as directed by the Contracting Officer.

16.4 Placement. Landscape stones shall be transported from the stockpile and
installed in a manner that will avoid chipping, cracking, and breaking of the
desert varnish finish. Stones shall be placed in natural reclining position
with the desert varnish side exposed. Stones positioned on the ground shall be
placed so that one-third of the volume of the rock shall be below grade.
Stones shall be located as shown on the contract drawings. The Contractor
shall notify the Contracting Officer at least 72 hours prior to placement. Any
in-place stone with over 20 percent of its desert varnish finish chipped off
shall be replaced with landscape stone of comparable size.
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17. BLASTING.

17.1 Safety Requireti1e~ts. For these requirements reference is made to the
paragraph: ACCIDENT PREVENTION in the GENERAL PROVISIONS. Blasting will be
permitted only when precautions are taken for the protection of persons, the
work, and property. The Contractor shall inspect the 42-inch waterline both
prior to and after blasting in the spillway. The results of the inspections
shall be documented and a copy presented to the Contracting Officer. Any damage
to the work or property shall be repaired by the Contractor at no expense to
the Government.

17.2 General.

17.2.1 The Contractor shall submit 3 copies of drawings of blasting proposals
and blasting schedules for approval before starting any blasting in any area,
showing the position and spacing of drill' holes, types of explosives proposed
for use,· position and size of each charge, and the timing schedule for
detonating the charges. Use of non-electric blasting caps is prohibited.

17.2.2 The contractor shall control the blasting procedures so as not to
overshoot and will be required to remove, at his own expense, any material
outside the authorized lines and grades indicated on the drawings which may be
shattered or loosened by such blasting.

17.2.3 During blasting operations the Contractor shall have on the site, and
1n iumediate charge of the blasting and rock excavation, a blasting expert
acceptable to the Contracting Officer, who has had no less than 3 years of
continuous experience in blasting and rock excavation operations. Powder
hand lers sha 11 have had no less than one year of cont inuous exper ience 1n
preparation and loading of powder charges.

17.2.4 Variations of smooth blasting procedures as described herein will be
permitted providing the Contractor demonstrates that the substitute procedure
will achieve an equivalent sound rock face at the final excavation lines.

17.3. Smooth Blasting

17.3.1 Smooth blastino ",ill be required within the areas indicated for th~

spillway and outlet excavation and such other areas as directed. The
explosives shall be of such strength and quantity and shall be used jq such a
manner as will neither open seams nor otherwise damage the rock outside of
prescribed limits of excavation. In the spillwy area.c, \,There smooth blasting
is required, buffer zones shall be provided as indicated. Blasting in the
buffer zone shall be performed in a manner which will produce relatively smooth
and sound rock faces at the pre liminary and final excavation lines. As the
excavation approaches the preliminary and final excavation lines the depth and
spacing of blast holes and the amount of explosive shall be varied with the
field conditions to prevent damage to the rock faces. Whenever, in the opinion
of the Contracting Officer, blasting may injure the cut slopes or rock upon
which or against which concrete is to be placed, the use of explosives shall be
discontinued and the excavation shall be completed by wedging, barring,
channeling and broaching, or other suitable methods. Any damage to or
displacement of supports and any damage to any other part of the work caused by
blasting shall be repaired by and at the expense of the Contractor and in a
manner satisfactory to the Contracting Officer. No blasting will be permitted
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within 100 - feet of concrete which has been 1n place less than 7 days, not
within 100 feet of a grouted area.

17.3.2 Excavation outside of the buffer zone shall be performed prior to any
work on the buffer zones. Blasting of the buffer zones shall be done in
comparatively small rounds. The rock forming the buffer zones on the side
slopes shall be removed in succesive thin slices commencing with the slice
adjacent to the free face of the buffer zone, indicated as the preliminary
excavation line on the drawings, and advancing progressively to the final
excavation line. The slices shall be parallel to the final excavation line.
Multiple-row rounds shall be used with regular or long period delays between
rows rather than short period or millisecond delays. The delays shall be
selected to provide sufficient time between detonation of rows to allow each
outer slice to clear the face prior to detonation of the next row. The spacing
between the rows of blast holes and the spacing between the blast holes in the
individual rows in the buffer zones shall be varied to produce a sound wall at
the final excavation line except that the spacing between blast holes on the
final excavation lines shall not exceed those indicated on the drawings, or as
directed.

17.3.3 Blasting of the horizontal buffer zone above the spillway invert shall
be done by use of successive rows of blast holes drilled perpendicular to the
invert. The spacing of the vertical rows of blast holes shall not exceed 36
inches and the spacing between holes in a row shall not exceed 30 inches or as
directed.

17.3.4 Ammonium
zones and shall
excavation lines.

nitrate type explosives shall not be used in any of the buffer
not be used within 10 feet in advance of the preliminary

17.4 Demonstration of Capability. The capability of the Contractor to perform
any blasting technique shall be demonstrated at a point no closer than 10 feet
from a preliminary excavation line. If a demonstration does not produce
results satisfactory to the Contracting Officer, the Contractor shall modify
his technique and perform such demonstrations as are necessary to produce the
desired results.

17.5 Records. The Contractor shall keep and furnish
Officer accurate logs and records of all operations
preparation, _drilling, blasting and excavation procedures.
be submitted daily with the Quality Control Report and
following.

to the Contracting
pertaining to the

The records shall
shall include the

17.5.1 The number, size, type, and make of all equipment used 1n the
excavation process.

17.5.2 The number, size, depth, direction, and spacing of drill holes utilized
for each round of blasting, to include a plan sketch drawing.

17.5.3 The quantity, type strength, and stetmning of explosives used 1n
blasting each drill hole.

17.5.4 The type, make, and system of detonation used for each round of
blasting.
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17.5.5 The volume of rock excavated from each round of blasting.

17.5.6 Any unusual drilling or blasting occurrences.

* * * * *
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RIGHT ABUTMENT

EVALUATION

,

ATTACHMENT 3



Attachment 3, Right Abutment Evaluation, was originally prepared by

the Los Angeles District Geotechnical Branch as a handout for the combined

SPD and DCE site inspection of Adobe Dam on 21 and 22 April 1981.



ADOBE DAM

Maricopa County, Arizona
Gila River Basin

New River and Phoenix City Streams, Arizona

Contract No. DACW09-80-C-0121

Right Abutment Evaluation



ADOBE DAM

The Right Abutment

1. Prior to construttion the materials on the surface of the right abutment
had the appearance of a large rubble pile and consisted of talus debris, slope
wash and large quantities of basalt boulders to 6-feet in size. Cemented
caliche material was present in small quantities. Based upon core holes,
drilled during design; the underlying bedrock surface was expected to consist
of medium to highly fractured basalt and andesite with fractures and small
cavities filled with a fine tuff ash material.

2. During the early stages of construction, because of the difficulty of making
the abutment excavation using heavy duty dozers with rippers, the Contractor

proposed to drill and blast the material to loosen it sufficiently so that it
could be more easily removed with heavy construction equipment. With the concern
for providing a suitable foundation for placing embankment material, the Contractor
was permitted to demonstrate his excavation in the downstream portion of the
abutment. The Contractor was asked to excavate and air clean a test section
approximately 40x40-feet downstr~am of Station 11+50 to 11+90 to evaluate if his
excavation procedure would provide a suitable abutment foundation. After such
excavation, inspection of the exposed surface indicated satisfactory result. Hence,
the excavation method was approved and the downstream abutment excavation was
completed, followed by the abutment excavation for the upstream portion of the
abutment.

3. The abutment foundation as exposed in the test section would be suitable after
adequate surface treatment. The surface consists of an irregular surface of large
basaltic blocks with tuffaceous materials filling the fractures and small cavities
between the blocks. The filled fractures are interconnected, larger, and more
numerous than that anticipated during the design. Overall the tuffaceous fill
material is dense, relatively incompressible, relatively impervious and non
soluble. To determine the engineering characteristics of the tuffaceous materials
two undisturbed chunk samples were obtained for detailed laboratory testing. The
samples were tested by Engineering Testing Laboratories, Inc., Phoenix, Arizona
and by the SPD Laboratory at Sausalito, California. The tests conducted by each
laboratory are listed below and the results of the tests are attached.



Engineering Testing Laboratories, Inc.

a. Gradation

b. Inplace Density

c. Specific Gravity

d. Consolidation - Sample saturated at 4 TSF

e. Dispersive Soils Test - Crumb Test

f. -Soluble Salts Test

SPD Laboratory

a. Gradation

b. Inplace Density

c. Specific Gravity

d. Consolidation

e. Soluble Salts Test - Not completed

f. Permeability Test

4. After cleaning the abutment foundation of all loose materials, the area to
receive core material would be cleaned by air blasting and hand picking. Prior
to placement of embankment ~aterials, abutment areas underlying the core material
would be treated with grout slurry and dental concrete, as required. Grout
slurry would be used to fill fractures and joints. Dental concrete would be used
in areas where ~ore materials cannot be placed and compacted. After abutment
treatment is completed~ core materials would be placed and :land compacted in areas
where equipment compaction cannot be used. The placement and hand compaction
operation would proceed immediately ahead of embankment construction.

5. The abutment area to receive gravel drain and random material would be cleaned
of loose material. Air blasting would be used to aid the removal of loose materials.
After cleaning is completed, dental concrete would be placed in areas where embank
ment materials cannot be placed. Random material would be placed, and hand compacted
in areas where compaction equipment cannot be used. The placement and hand compaction
would proceed immediately ahead of embankment construction.
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Job No. 21200567
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LABORATORY REPORT
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Test Procedure D~s~ensi ve Soil & Permea- Sampled By Date _
bl11ty Tests

Reviewed By KLR Date 2-5-81 SubmittedBy BS Date-----

RESULTS

DISPENSIVE SOILS TEST

Crumb Test - Grade 1. No Reaction: Crumb may slake .and run out on

bottom of the beaker in flat pile, but no sign of cloudy

water caused by colloids in suspension.

PERMEABILITY TEST

Four attempts were made at performing a constant head permeability

test on a sample carved from the bulk sample delivered to the site.

Each attempt was unsuccessful due to the inability to seal the samples
to the permeameter.
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ConverseWardDavlsDlxon
Geotechnlcel Conlultenls

April 2, 1981
81-4113-01

Los Angeles District
Corp of Engineers
300 North Los Angeles Street
Los Angeles, CA 90012

Attention: Mr. Lawrence J. Lauro, Chief,
Foundations and Materials Branch

Subject: Adobe Dam

Gentlemen:

On March 18, 1981, the undersigned attended a meeting and
made afield inspection of Adobe Dam in accordance wi th
your purchase order No. DACWO 9-8l-M-2113. Attendees at the
meeting included your contractor-eng ineer, Mr. Joseph
Sciandrone, and representatives from Los Angeles District's
Construction-Operations and Engineering Divisions, Phoenix
Area Off ice, and Resident Eng ineer 's staff, and from South
Pacific Division's Construction-Operations and Engineering
Divisions. A list of attendees is attached.

The purpose of the inspection was to review the foundation
conditions of the right abutment as exposed by excavation
and to discuss a potential drain material gradation
modification as well as a contractor's proposal to use a
vibratory roller on core material for the dam. This report
will deal ch ief ly wi th the abutment foundation cond i t ions
and proposals for treatment. The SUbjects of drain
materials and compaction will be covered in a separate
report to be furnished by your contractor-engineer.

Prior to our inspection of the work we were given an
excellent briefing on the status of work by Capt. Paul Dunn
and on the history and chronology of the right abutment
excavation by David Lukesh. At the time of inspection a
good portion of the core contact area had been excavated and
cleaned for the inspect ion. Founda t ion ex cava t ion in the
valley section has been started and a small amount of
embankment material had been placed in January between
station 21+00 and 25+00. The contractor's activity on March
18 was concentrated on the east side of 35th Avenue.

Conyerae Werd Deyll Dixon, Inc.
The Folger Building, Suite A
101 Howard Street
San Francisco, California 94105
Telephone 415 543-7273



Interpretation of design exploration core borings from the
right abutment resulted in the expectation of having a
foundation of medium to highly fractured andesite with
fractures choked with tuffaceous ash materials. Excavation
has revealed a foundation very much as expected except that
fractures are larger than visualized and the cleaned surface
is very irregular in relief with individual andesite blocks
as large as 7 feet or more across. The relief and
semi-angular shapes cause the foundation to appear as large
detached blocks embedded in a matrix of dense lithic tuff.
Close inspection, however, reveals that the rock mass is,
indeed, in-place bedrock which appears to be a remnant
andesite flow with through going joint surfaces.

To develop the proper foundation treatment for the dam an
understanding of the origin of the rock mass and the reason
for the extremely fractured condi tion is required. In my
opinion, the exposed rock represents an andesite flow. which
has been subjected to extreme tensile stresses causing
extensive fracturing of the rock. Rock in the vicini ty of
stations 10+00 to 12+00, has possibly slumped into position.
Movement has been minimal, however, it caused blocks of rock
to separate 10 inches or more. Pyroclastic volcanic
activity supplied the material for backfilling of the
fractures and later it appears that the tuffaceous sediments
were at least partially deposited in the fracture system by
water action. This scenario suggests that the fractures are
completely filled with tuffaceous sediments, but with depth,
there could be, and likely are, fractures which did not get
backf illed and which are open to passage of water. Water
testing of exploration borings supports this hypothesis.
Work to be accomplished, such as excavation for the outlet
conduit at the base of the abutment and the grouting program
will provide further data allowing a better understanding of
the foundation ge~isis.

Testing of the tuffaceous fracture filling material has
demonstrated that it is dense, incompressible and less
permeable than core materials for the dam. It has a field
classification of a gravelly, silty, very fine sand. In my
opinion the foundatlon, as exposed at the time of
inspection, is satisfactory and further excavation is
unnecessary. Because of the gross irregularity of the
surface, partially due to dental excavation of tuffaceous
materials from the fractures, it will be prudent to use
backfill concrete to reduce gross foundation irregularity in
the core contact area. Dental excavation of the tuffaceous
infilling, to the extent as has been done, is not judged to
be necessary in other areas to be prepared for foundation.

2
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At the upper part of the right abutment foundation near
station 10+00 the excavation has been cut near vertically
for about 20 feet. This cut through the andesite flow
reveals some open fractures. These may be representative of
the type of fracture openings below that upper zone of rock
having impervious tuffaceous fracture filling lower on the
abutmen t. These open fractures will require careful
treatment by grouting. The slope, as excavated, is too
steep to compact core material against and makes treatment
of the open fractures d ifficult. I support the project
geologist's proposal to have the slope re-excavated to
lH: IV. This excavation will require blasting which should
be carefully controlled to avoid further disturbance to the

. rock.

Foundation grouting on the right abutment was designed to
extend the exploration program. Now that foundation
condi tions are better understood, the grouting takes on a
more important aspect of foundation treatment. Holes which
penetrate the infilled fractures will require water testing
to detect voids or open condui ts. Prev ious exploration
indicates that, below the inf illed fractures, there is a
system of smaller open fractures that are potential seepage
paths. These fractures should be grouted to the depths
planned, paying particular attention to areas of unusually
high grout takes. Split spaced holes should be installed in
any areas where it is difficult to get grout refusal in the
planned holes. The criteria used to determine need for
splitting is arbitrary, but as a starting guide it is
recommended that additional holes be installed if grout
takes average as much as 0.3 sacks per lineal foot of hole.
Where it has been necessary to split spacing closer than 5
feet, or where open fractured rock can be observed at the
surface, consideration should be given to installation of a
shallow line of holes, on the order of 10 feet deep, up and
downstream of the main grout curtain. These auxilIary lines
should be no more than 8 feet each side of the main curtain.
The planned depth of 40 feet for the grout holes appears to
be adequate. Considering the nature of the foundation ,it
is my opinion that the planned 20 foot spacing for ini tial
holes on the upper part of the abutment should be spli t to
10 feet throughout. Subsequent splitting should be done if
significant grout takes are encountered.

Design of the dam appropriately includes a drain blanket to
rest on the rock downstream of the core and beneath the
random shell. It is suggested that gradation of the drain
material be checked against the finer gradation of the
tuffaceous sediment filling the large fractures to determine
if f il ter requirements are met. Al though the surf icial
foundation treatment and grouting are expected to provide a

3
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satisfactory foundation, a redundant line of defense against
piping of the fine-grained tuffaceous material can be
provided with a properly graded material. If filter
requirements are not met by the drain it is recommended that
a finer grained, but perv ious, layer of fil ter material be
placed between the drain blanket and rock~

We made an abreviated inspection of the spillway excavation.
The work appears to be progressing satisfactorily with no
major problems. The large cut slopes expose an interesting
sequence of the volcanic rocks. Geologic mapping of the cuts
and interpretation of the geology will undoubtedly help in
the final interpretation of the dam abutment foundation.

CONCLUSIONS AND RECOMMENDATIONS

Right Abutment Foundation

1. The right abutment foundation is essentially as
interpreted from design exploration.

2. The rock is andesite which appears to
slumped in the geologic past creating
fracture openings subsequently filled
tuffaceous sediments.

have
large
with

3. The rock, as excavat~d at the time of inspection,
is judged to provide a satisfactory foundation for
the dam.

4. Because of the gross irregularity of the excavated
foundation surface and difficulty of hand
compacting core material in the narrow fractures,
use of dental concrete or shotcrete to reduce the
overall relief is recommended.

5. The grouting program will be an essential part of
the foundation treatment; the planned initial hole
spacing of 20 feet in the upper portions of the
abtument should be split to 10 feet and spacings
should be further split if significant grout takes
are encountered.

6. In areas of high grout take or areas where an open
fractured foundation is observed, supplementary
I ines of grout holes up and downstream of the
curtain should be considered.

7. The steep slope at the upper right abutment should
be re-excavated to 1:1 to facilitate foundation

grouting and compaction of embankment material
against the rock.



8. If the downstream drain blanket 9radation is not
satisfactory as a filter against the tuffaceous
sediment crack filling material, a properly
graded, pervious, filter should be provided
between the drain and the rock •

. Very truly yours,

CONVERSE WARD DAVIS DIXON

tfI~~&~
Alan L. O'Neill
Vice President

ALO: ja

Enclosure

5
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Report to

Chief, Foundation and Materials Branch

on .'\dobe !)am

Introduction. At the request of Chief, Foundation and Materials

Branch, the writer visited the Adobe Dam project in accordance

with blanket purchase agreement DAC\l 09-81-M-1993. The request

was made on 10 March 1981 and the site visit was on 18 March

1981. The purpose of the trip '''as to evaluate right abutment

treatment, drain material requirements and compaction procedures.

Other participants in the site visit were district and divi-

sion engineering and construction personnel. ~tr. Al O'Neill,

contractor-geologist, participated and will cover the geologic

aspects in a separate report. A list of attendees is on file

in the project office.

The group was briefed at the project office by Captain

Paul Dunn, Project Officer. The briefing included a presen-

tation of pertinent project data significant construction
I

milestone dates, project organization chart, modifications, and

payments. Captain Dunn's briefing was followed by a slide

presentation by Mr. Dave Lukesh, project geologist. 11r. Lukesh

described the site geology ~'ith emphasis on the right acutrnent

a~d spillway e:~avation. Following the o~~ice presentations

the group inspected the excavated rig~t abutment, the s!"ill"'2y

excavation and core material test fill.

1
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~ata ~eview. Prior to the field trip, the data reviewed were

ple-ns/ specifications anc the G:J~! appendi:{ on geology, soils

2n~ ~aterials. In a~0ition, a ?~elbninary report title~

"?_i,;~t i'l.:bl1t::ier:t ;:valuation" was provic.ed by the Foundation

an~ Ma~8rials 3ranch.

:::\.i--:'ht ~b·..1tnent. The group inspected the right abutment.

~~r. Dave Luxesh discussed the geology and described the pro-

?osed treatme~t. The treatment will not be described in Qetail
In

because it isAgeneral ~greement \~ith the approved design memoran-

d~~, plans and specifications and the =ngin8ering Considera-

tions,anc Instructions for Field Personnel. In the Engineering

~onsiderations paragraph titled 3edrock Preparation, the clean
On!! g/.fC(/fftui. 7h~ ,94t:'/t:'9/C 4f/'4cf-r ,,/IA~ 4iv/"~trArrr~A/~~Ar

ing of bedrock surfaces, grout~ng a'hd surface treatrnent
A
will

be covered in a report by the contractor-geologist.

The basic objective of the treatment will be to "remove

materials and treat areas which would provide potential seep-

age paths along the abutment contacts." Proposed slope flatten-

ing in the upper portion of the abutment will provice a re-

latively unifor.m surface against v/hich embank~ent material can

be compacted. The test results included in the report "Right

!~utment Evaluation" indicate that the material filling

fractures and openings bet~een blocks has enginee~ing pro-

perties sLuilar to the core material. The G~M describes the

single line grout c~rtain as essentially an investig2~ive

?rogram. The contract~al ability to increase the 0rou~ing

program, as required, is covered in the specifications. The

axpansion of the grouting progran was discussed and will bg
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cO'lered in the contractor-geologist report.

The embankment, as designed, provides defensive measures

t~at mitigate for minor unpredictable conditions. To decrease

the potential for seepage along the abutment, the upstrean

portion of the abutment contact \vill be blanketed with a layer

Of impervious material with a minimum thickness of 5 feet.

Seepage through the abutment will be controlled by a high

capacity drainage blanket covering the dO\Ynstream portion of

the foundation and abutment.

0r?in Material. The specified drain material is a coarse to

fine gravel with less than 5 percent coarse sand. The con

tractor proposed to substitute a fine gravel to coarse sand

with a small percentage of medium sand. To support his pro

posal the contractor had Engineering Testing Laboratories (BTL)

perform numerous permeability tests. The test procedures

briefly described, for two tests (A&B) on prepared samples, in

the 2TL letter to I~1 Sundt follow. Additional tests were per

formed using the described procedures, but the majority of the

tests were constant head.

The permeability tests were performed by placing approxi

mately a one foot high sample in a 4-inch diameter, 6-foot

high vertical standpipe. A No. 10 screen and a cap was placed

on the bottom of the standpipe. The standpipe was then filled

,~ith water. The bottom was then removed and the tL~e re0.uire~

=o~ a measu::::-ed height of '·"ater to pass t'hrou<;~ the .sam~le '.!2~

i7leasured. The test was repeated at least 5 times for eac!:

sample.
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The results of the ?ermeability tests are summarized in

Ta~le 1. The ~Ermeabilities are the average of the trials

which variee from 5 bo 9. The trial values '....ere very con

sistent, test A-9 s~o\...ing the least consistency. The falling

~ead tests, even though they were conducted at lower densi

ties, resulted in the lo.....est perneabilities. This might

suggest that minus No. 10 material \vas removed during the

inir.ial test trials. The test results compare well with other

tests on plus No. 10 material.

Obviously, the permeability of interest is the in-place

permeability. The range of gradations for 5 samples taken from

the grade are plotted against the modified gravel drain grada

tion on Figure 1. It is noted that some of the sc~ples are

bord~rline. The ideal location for drain material on the fine

side of the gradation band is in contact with the founc.ation.

This results in a 10\'" piping ratio and a higher sa~ety factor

against piping.

To provide a safe design against piping, the D85 of the

foundation or soil was arbit.rarily taken as the minus No. 4

gradation D8S /see Figure 2. As this is a conservative approach,

a limiting ratio of 5 was used in lieu of 4 which would be

applicable to crushed stone. The results o:l::>tained from Figure

2 are s~o\.;n on Figure 3 where they are compared with the

specified gravel drain gradation and the gradation shown on

.?igur8 1. -:xamination of the gradation· bands s1:.o·.·m on ?igure

3 sho\vs that either band would subsfantially satisfy piping anc:

pe~ecbility criteria fer the random fill and fo~nGation. T~e
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Jradc~ion ShO\VTI on Figure 1 provides a higher safety factor

a~ainst ~ipin~f ,vhereas the specified gradation provides a

higher permeability. The uniformity coefficient of materials

\vithin either band are low enough to rnininize segregation. The

fine gravel and coarse sand mixture permeability would be

a~=ected more by particle breakdo~n during placement and com

paction.

It is important that the permeability be determined for

samples representative of the end product on the grade. Con

sideration should be given to using a No. 100 mesh screen in

permeability tests in lieu of the No. 10 screen used in the

reported testing. Unless the permeability is significantly

decreased from the reported values, the modified drain should

provide adequate capacity to function defensively. Providing

a high capacity drain is a defensive measure because the com

puted through seepage and underseepage quantities are small.

The high capacity drain is being provided as a defense against

unpredictable seepage. Should the permeability of the modi

fied gradation become a matter of concern, the alternative for

the horizontal drainage blanket ,~ould be to sandwich a one-foot

layer of specified gravel between one-foot layers of the

modified gradation.

Drain material would be placed against abutment bedroc}~

as shmm on CrosS'3ections No.1, sneet 38 0= contract dra'.v

ings. ~'7he=e practicable, depress ions and i::-regularities in

the bec:rock surface should be filled '.·.lith com~acted (l.rain

material to forn a leveling course. Co~sideration shoulG ~e

given to use, in these areas, of drain material that borders
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the fine side of the r.loc.ifiecJ grar:ation band. Haterials sini

lar to the earlv crain material oroduction should be satis-- .
~actory i~ these areas. Should accitional cata indicate that

the infill ~aterial is finer than presently ineicated, a fi~er

gra\~ation of pervious material shoulc':' ~:>e consic.e:cec~'=or the

leveling course.

::rnbank.:",ent !1aterial Comoe.ctian. Haterials uS2',ge and c.esign are

~asec on ?lacing ~aterial ,~ith 20 percent or 80re fines in the

core ana ~aterial~,ith not more than 20 ~ercent :ine~ in the

ranc.on zone.

The procedural specifications limit the lift thickness

to 12 inches and require 8 pass~s of a 50-tan pneumatic roller.

For the core, the option is an 8-inch layer and 8 passes of a

tamping roller. The equipment requirements for the pneumatic

and ta~ping rollers are as specified in the OCE guide.

The contractor proposed to substitute a la-ton vi~ratory

roller for the 50-ton pneumatic with the objective of recuc-

ing the nuffiDer of passes required to achieve a density of 2t

least 95 percent of maximum density determined by ASTH D 698.

~ecognizing that bond is an overriding consideration for the

core, procedures were established for various methods of

scrarifying. Telltale marking provided by spreading IL~e

facilitated identifying the layers in a transverse trench

t~rou9h the test fill. Observers agreed that the =irst laysr

cid not appear to be bonde~. The top layer appecrs to have

renoundec. and there was evidence of compaction overstress.

Observers' opinions varied as to the adequacy of bond with



7

The decision whether to use a vi~ratory roller on core

m~terial wit~ due attention to sca~ifying to assure bond is

a policy matter as well as a technical issue. The 2mbank.-nent

(For Eart~ ;Jams) Guide Specification C~'~-022l2 Feb 76 includes

tamping rollers, vibratory rollers and rubber-tired rollers.

The i.'1lplied usage of vibratory. rollers .is "for compacting

rockfills, pervious sand and gravel fills, or filter and

transition drainage layer;:;." There are ;mown exceptions to

that restricted usage, the best kno,~ being the compaction of

random fill zones at tiarm Springs Dam, see Figure 4. There-

fore, there is a precedent for use of a vibratory roller on

the random fill, but no kno\~ Corps precedent for its full

scale use on core material. As the objective of using the

vibratory roller is to increase productivity, use of the

roller on random material would accomplish that end. The

estimated quantity of random fill is 1,480,000 cy whereas the

estimated core material quantity is 674,000 cy. Consideration

of these factors suggests limiting the use of the smooth drum

vibratory roller to the random fill compaction.

Conclusions and Recommendations. Based on the data review

and site inspection the following are concluded and recommended.

1. It has often been stated that the safety of dams

involves consideration of more than technical !actors.

?roject organization is one of the most important fa~tcr~,

especially the collaborative relation b9t",reen eng:'neeringand

construction and the interaction between the engineer and the
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geologist. The attitude and competence of the ~cobe Dam

project organization are commendable. The site inspection

cenonstrates that appropriate attention is being given to

a~cressing field conditions as they develop.

2. The design provides defense against unpredictable

seepage. On t~e right abutment the grout curtain, with the

Nodifications proposed by the contractor-geologist, is com

plemented by the upstream imperviouq blanket and the pervious

r.o1.mstream drain which can accommodate calcula ted seepage and

seepage fl01." not ar:1enable to analysis.

3. The bedrock preparation discussed in the field is

in accordance with the plans, specifications and Engineering

Considerations and is considered satisfactory.

4. The modified drain material gradation provides a

higher safety factor against piping than the specified drain

~aterial. The specified drain material has a higher perme

ability and therefore a higher flow capacity under a low hy

draulic gradient. If the modified gradation after compQction

results in permeabilities which are not significantly lower

than the reported test values, the permeability should be

adequate. Should the permeability reduce significantly because

of added minus No. 10 and minus No. 200 material, the alter

native ,,,auld be to sandwich the specified higher permeability

drain material between layers of the finer drain mat2rial.

?resent indicaticnsare that this consideration \"Iill not be

necessary.

5. ~;:1ere practicable, the drain material should be usecl

on the do~mstream right abutment as a leveling course to f~ll
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irresularities in t:J.e bedrock surface. This \"ould provic~e

cirer::t cont.act ;:,ebveen potential foundation seepage and the

Crain matGrial. urain ~aterial on the fina siCe of the grada

t~on band or finer should be used in order to increase t.he

safety factor against piping.

6. Use of vibratory rollers on r?ndom material, similar

to the subject project random material, has produced satis

factory results. It is recommended that use of the jvibratory

roller to compact random material be approved.
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SECTION 20

DRILLING AND GROUTING

Index

1. Applicable Publications
2. General
3. Equipment

4. Grouting Materials
5. Drilling and Grouting
6. Quality Control

1. APPLICABLE PUBLICATIONS. The publications listed below form a part of
this specification to the extent referenced. The pulications are referred to
in the text by the basic designation only.

1.1 U.S. Army Corps of Engineers, Handbook for Concrete and Cement.

CRD-C 103-60

CRD-C 113-68

Sieve Analysis of Fine and Coarse Aggreate
for Use in Portland Cement Concrete

Moisture Content of Aggregate by Loss in
Weight by Drying

1.2 American Society for Testing and Materials (ASTM) Standard.

A 120-73 Black and Hot Dipped Zinc-Coated
(Galvanized) Welded and Seamless Steel
Pipe for Ordinary Use

1.3 American National Standards Institute (ANSI) Standard.

B 163-1971

2. GENERAL.

Malleable Iron Threaded Fittings,
150 and 300 lb.

2.1 Program. The work contemplated consists of foundation exploratory
drilling and grouting the bedrock beneath the abutments of the dam and the
outlet works. The approximate locations, limits, and details are indicated on
the drawings • The program shown on the drawings and described herein is
tentative and is presented for the purpose of canvassing bids. The driliing
and grouting shall be done after stripping and cleaning of the abutments and
after excavation of the outlet works, The amount of drilling and grouting
which actually will be required is unknown, and will be governed by conditions
encountered as the work progresses. The Government reserves the right to
increase or to eliminate any part of the drilling and grouting program should
conditions indicate this as being desirable. Survey controls will be
established, prior to drilling for grout holes, to provide reference points to
determine the location and elevation of grout holes and to provide control for
geologic mapping of the west abutment. The controls shall be established
along the centerline of the embankment, from station 9+75 to station 13+70 on
50 foot stations, with elevations at each station.

2.1.1 Area Preparation Prior to Grouting. Prior to grouting operation on the
west abutment, including setting grout pipe, all faults and seams within the
core zone which might interfere with the grouting shall be cleaned as
directed, free from oil, standing or running water, mud, drummy rock,
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coatings, debris and loose or unsound rock fragments. The area for cleaning
will be as indicated below or on the drawings. Starting at elevation 1400..!..
feet down to elevation 1,338 feet the width will be 5 feet downstream of the
core zone to 5 feet upstream of the projection of the 1:1.75 upstream slope of
the core. Below elevation 1,338, the abutment rock, below streambed, will be
similarly cleaned the full width of the foundation trench to elevation 1314.5
feet. All surfaces shall be cleaned thoroughly by air blasting or by other
approved methods. Water shall not be used in the cleaning. This area
preparation does not relieve the contractor from the responsibility of
additional cleaning of the area upon completion of the grouting operation.

2.2 Procedures. The sequence in which the holes are drilled and grouted will
be determined in the field and shall be as directed. All grouting mixes,
pressures, pumping rates and other specific grouting operations shall be
controlled by and in the presence of the Contracting Officer. Survey controls
will be necessary in the field for a1inement and elevations of grout pipes.

3. EQUIPMENT.

3.1 General. All drilling and grouting equipment used shall be of a type,
capacity, and mechanical condition suitable for doing the work as determined
by the Contracting Officer. The power, equipment and layout thereof shall
meet all applicable reuirements of local, state, and Federal regulations and
codes, both safety and otherwise, and the applicable requirements of the
SPECIAL PROVISIONS. Sufficient lighting facilities shall be provided and
maintained so that all drilling and grouting operations, including calking of
grout leaks, can be satisfactorily performed.

3.2 Drilling Equipment. Standard core and grout hole drilling equipment
shall be used. The drill rigs used for exploratory core drilling shall be
similar or equal to the No. 8 Chicago Pneumatic with hydraulic feed. The
drill rights used for grout hole drilling shall be of size equal or greater
than a No. 55 Chicago Pneumatic as conditions require. At the option of the
Contractor, either coring or non-coring bits may be used for drilling grout
holes. II Nil size coring bits shall be used for exploratory drilling. A
Sprague and Henwood Series ''M'' core barrel, or equal, shall be used for
drilling exploratory holes. Water shall be furnished in sufficient quantity
to insure drilling oper8~i0ns will not be delayed by shortages.

3.3 Grouting Equipment. Grout plants shall be capable of supplying, m1x1ng,
stirring and pumping grout to the satisfaction of the Contracting ;jfficer.
Each plant shall have a minimum capacity of 30 g.p.m. of grout injected at a
pressure not greater than 150 psi. Plants shall be maintained in first-class
operating condition at all times and any grout hole that is lost or damaged
due to mechanical failure of equipment or inadequacy of grout supply shall be
replaced by another hole, drilled by the Contractor at his expense. Each
grout plant shall include the following minimum equipment.

3.3.1 Two specially equipped, air-driven, single screw type pumps or other
approved type.

3.3.2 A mechanically
stirring the grout and
grout pump operations.
capacity of the sump.

driven grout mixer capable of effectively m1x1ng and
which can be emptied into a sump without interrupting

It sha 11 have a capac ity of not less than 3/4 the
The mixer shall be equipped with a suitable water
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measuring device calibrated to read in cubic feet and tenths and so designed
that after each delivery the hands can be conveniently set back to zero.
(Similar and equal to Neptune Disc Meter, Model 106 with 6-inch verical dial).

3.3.3 A mechanically agitated sump, so designed as
effectively stirring and holding in suspension all solid
the grout. It shall have a minimum capacity of 16 cubic
measuring the quantity contained to 0.1 cubic feet.

to be capable of
matter contained 1n
feet and a means of

3.3.4 A tank for auxiliary water supply to be used in pressure testing,
flushing, and pressure washing operations.

3.3.5 Such valves, pressure hose, small tools, and accessories as may be
necessary to provide a continuous supply of grout and accurate pressure
control. The inside diameter of the delivery line shall be not less than
1-1/2 inches and have a length not more than 200 feet from the sump to the
header and be connected and operated such that objectionable blocking of the
line will not take place when pumping at the minimum discharge capacity of the

pump.

3.3.6 A 100-mesh vibrating screen with a m1n1mum of 576 square inches of
screening area for screening grout from the grout hole return line to the
sump.

3.3.7 Ground plugs and packers and attachment devices of an approved type for
pressure testing and grouting of grout and exploratory holes.

3.3.8 A water meter graduated in gallons per minute for use in pressure
testing operations.

3.3.9
testing
pressure
gages.

Pressure gages graduated to read 0 to 100 psi for use in pressure
and grouting operations. An accurately calibrated, high precision
gage shall be furnished for periodically checking the accuracy of all

3.3.10 A pressure gage graduated to read 0 to 50 psi with no greater than 2
psi divisions on the dial for use in grouting operation at shallow depths.

3.3.11 Sufficient stop cocks and screw caps for capping holes within 50 feet
of grouting operations.

3.3.12 A variety of caulking tools ~ith a supply of quick setting mortar,
sacked sand, oakum, lead wool, and such other materials that would be useful
in sealing grout leaks through open fractures and joints.

3.4 The arrangement of the grouting equipment shall be such as to provide a
continuous circulation of grout thro,ughout the system and to permit accurate
pressure control by operation of a valve on the grout return line, regardless
of how small the grout take may be. Any hole being grouted shall be no
farther than 200 feet from the grout pump. The equipment and lines shall be
prevented from becoming fouled by the constant cirulation of grout and by the
periodic flushing out of the system with water. Flushing shall be done with
the grout 'intake valve closed, the water supply valve open, and the pump
running at full speed. Either of the following two distinct arrangements of
connecting and operating grout equipment may be required.
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3.4.1 Direct grouting shall be done by connecting the grout supply hose to
the grout pipe with a "direct grouting header" as shown on the drawings. This
method shall be used on clean holes which pressure tests indicate may take a
moderate amount of grout.

3.4.2 Packer grouting shall be done by setting a packer in the hole at the
depth directed and using a direct grouting header. Several packer settings
may be used during one grouting operation.

3.5 Records. The Contracting Officer will keep records of all drilling and
grouting operations, such as a log of the exploratory and grout holes, results
of washing and pressure testing operations, time of each change of grouting
operation, pressure, rate of pumping, amount of cement for each change in
water-cement ratio, and other data as deemed by him to be necessary. The
Contractor shall furnish all necessary assistance and cooperation to this end.

3.6 Communications. When, for his own convenience, the contractor has the
individual elements of his plant 90 located that communication by normal voice
between these elements is not satisfactory, the Contractor shall install a
satisfactory means of cOlIDDunication, such as a telephone or other suitable
device.

3.7 Lighting. The Contractor shall furnish weatherproof, minimum 300 watts
each, light clusters on portable stands, in such quantity and with cables,
bulbs, etc., as to provide adequate lighting for all elements of grout
operations in the event grouting must be extended into hours of darkness. A
power source, furnished by the Contractor, shall be available at all grout
operation locations.

3.8 Protection to Work and Cleanup. During grouting operations the
Contractor shall take such precautions as may be necessary to prevent drill
cuttings, equipment exhaust oil, wash water, and grout, from defacing or
damaging any part of the permanent structure. The Contractor will be required
to furnish such pumps as may be necessary to care for waste water and grout
from his operation. The Contractor shall upon completion of his operations
remove all grout pipe above the foundation surface, clean up all waste
resulting from his operations that is unsightly or would interfere with the
efficient operation of the proj~ct as anticipated by the original design. All
holes or depressions thus formed shall be patched with a mortar composed of
one part Portland cement, two parts sand, and an admixture contaiuing
unpolished aluminum powder. The admixture shall consist of onp pound
unpolished aluminum powder dry mixed with 50 pounds of Portland cement. Five
ounces of this mixture shall be added to each sack of l'vrtland cement. The
patch ing shall be done in a neat and worlananlike manner so as to provide a
surface smoothness at least equal to undisturbed areas of the concrete
surface. Prior to final acceptance of the work, all concrete surfaces shall
be cleaned and restored to their original condition, as nearly as practicable
as determined by the Contracting Officer.

4. GROUTING MATERIALS.

4.1 Water. Water to be used for drilling, washing, pressure testing and
grouting operations shall be fresh, clean, and free from any sediment. Water
shall be furnished by the Contractor and shall be supplied in quantities to
prevent interruption of any of these operations.
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4.2 Cement. Cement used in grout shall by Type II and shall conform to the
requirements of section: CONCRETE. Only cement furnished in cloth or paper
bags will be accepted for use in the work. A bag (sack) shall contain 94
pounds net. A sufficient quantity of cement shall be stored at or near 'the
site of the work to insure that grouting operations will not be delayed by
shortage of cement. In the event the cement is found to contain lumps or
fore ign matters of a nature and in amounts which, in the opinion of the
Contracting Officer, may be deleterious to the grouting operations, such
cement shall be removed from the site at no cost to the Government.

4.3 Pipe. All metal pipe and fittings required for constructing grout and
exploratory holes, grout hole connections and air vents shall conform to
ASTM A 120, standard weight, galvanized. All fittings shall conform to ANSI B
16.3, 150 lb. class.

5. DRILLING AND GROUTING.

5.1 General. All exploratory grout and grout holes shall be drilled at the
locations shown on the drawings or as directed. In general, grouting will be
started at the lower elevation of the abutment and at the lower part of a
section being grouted. Exploratory grout and grout holes may be drilled to
depths ranging to 40 feet or as directed. All exploratory grout or grout
holes shall be washed, pressure tested and grouted. The location of the first
series of holes (primary) shall be determined by conditions in the field.
The location of intermediate holes (secondary series) shall be determined by
the split-spacing method. The number of grout holes may be increased,
progressively, by the split-spacing method, as desired.

·5.2 Installing Pipe for Grouting. The Contractor may be required to furnish
and install pipe for drilling and grouting as directed. The grout pipes shall
be secure ly anchored into the finn bedrock. The pipes are to be inserted by
flaring the bottom of the pipe, or other approved methods, then grouting or
caulking it in place with some suitable material to preserve alinement, to
prevent entry of foreign materials into the hole, and to prevent leakage. The
pipe and fittings shall be cleaned thoroughly of all dirt, grease, oil, grout
and mortar immediately before installing. All joints shall be made up snug
and the assembly held securely in position and protected from damage Or
displacement. The Contractor shall take all necessary precautions to prevent
any pipe from becoming clogged or obstructed fro~ any Cause and any pipe which
becomes clogged shall be cleaned out in a manner satisfactory to the
Contrac ing Officer at the Contractor I s expense. The presence of tramp metal
such as nails, wire, bolts, nuts, and other foreign material in the pipes
through which grout holes are to be drilled shall be considered as
obstructions.

5.3 Grout Hole Drilling. Grout holes shall be drilled into finn bedrock
through pipes embedded in the bedrock. Grout holes shall be drilled with
standard rotary non-percussion drilling equipment as hereinbefore
designated. No core recovery will be required and the type of bit used shall
be optional with the Contractor. The minimum diameter of hole shall be 1-1/2
inches at the point of maximum penetration. No grout hole will be drilled at
an angle greater than 45 degrees measured from the vert ical. The angle and
bearing of the hole shall be measured by a Brunton compass or similar device
with a maximum tolerance of 3 degrees. Drilling shall be done in accordance
with the procedures hereinafter described. The use of grease, "rod dope" or
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other . lubricant on rotary drill rods will not be permitted except that an
approved neutral liquid soap may be added to the drill water. Each hole shall
be protected from becoming clogged or obstructed by means of a cap or other
suitable device on the collar and any hole that becomes clogged or obstructed
before completion of operations shall be cleaned out in a manner satisfactory
to the Contrac ting Officer or another hole provided by and at the expt!nsE! of
the Contractor. Whenever the drill water is lost, or artesian fiow is
encountered, the drilling operations shall be stopped and the hole grouted
before drilling operations are resumed in such hole. The grout within a
partially completed hole shall be removed therefrom by washing or other
methods before it has set sufficiently to require redrilling. Redrilling
required because of the Contractor's failure to clean out a hole before the
grout has set shall be performed at the Contractor's expense.

5.4 Definition and Procedure for Drilling and Grouting. Drilling and the
grouting shall be done in sections using split spacing, stage grouting method
as described herein.

5.4.1 Zone. A zdne is a predetermined partial depth of grouting. The first
zone extends 20 feet downward from bottom of the grout pipe. The second zone
extends 20 feet downward from the bottom of the first zone. In general, all
grouting in a given zone and section will be finished before work is started
in the next underlying zope. Also, grouting of second zone in anyone section
shall not begin until the first zone of the adjoining section is completed.

5.4.2 Section. A section is a reach in the grout area, not more than 200
feet in length in which grouting operations will not be permitted at the same
time that drilling is in progress. In so far as practicable, the grout area
will be subdivided into sections in manner which will facilitate the
Contractor's operations. Hole spacing for anyone arrangement of holes will
be varied in accordance with conditions encountered and as directed.

5.4.3 Stage. A stage is a partial or complete depth of hole within any given
zone. The actual depth of a stage depends upon geologic conditions
encountered in drilling. It may vary from a fraction to the full depth of the
zone, and is marked by the loss or gain of drill water in appreciable amounts
or by some other conditions which prevent the hole from being drilled to the
full depth of a partiC"'~:lr zone.

5.4.4 Split Spacing. Split spacing is the procedure of locating an
additional grout hole between two previously drilled and grouted holes.

5.5 Stage Grouting. Stage grouting is a complete cycle of drilling and
grouting of any poriton of a hole or all of the hole within a given zone. It
involves the placement of a grout curtain by drilling and grouting 1n
successive ~perations ,in accordance with the following general procedure.

5.5.1 Primary holes for grouting shall be drilled within the first zone. The
depths will be governed by the foundation conditions. Normal spacing of
pr imary ho les is 20 feet.'

5.5.2
removed
require

After the grouting
by washing or by
redrilling.

of any hole, the grout within the hole shall be
other methods before it has set sufficiently to

20-6



5.5.3 After the interval of time as specified in paragraph: STAGE GROUTING
PROCEDURES, has elapsed the primary holes not already drilled to the limit of
the first zone shall be drilled as directed by the Contracting Officer to
additional depths not exceeding the zone limit.

5.5.4 The primary holes thus deepened shall again be washed and pressure
tested and then grouted at higher pressures as directed by the Contracting
Officer.

5.5.5 The process of successfully drilling primary holes to addtional depths
and grouting at higher and higher pressures in stages in all the zones, shall
be repeated until all of the primary holes in a section have been completely
drilled and grouted as directed by the Contracting Officer.

5.5.6 After the primary holes in all the zones have been completed as
specified above, the secondary holes shall be drilled in a manner similar to
the primary holes. These and succeeding series of holes are determined by the
"split spacing method," and shall be drilled and grouted to the depth of the
first zone in like manner until the first zone of that section is completely
grouted as directed.

5.5.7 The process of successively drilling to specified depths and grouting
at higher pressure in stages for the first series of holes· and then for
succeeding series of holes shall be repeated for the second zones of that
section. Other sections along the grout curtain shall be grouted i~ like
manner until grouting is completed, to the satisfaction of the Contracting
Officer. As the drilling and grouting work progresses, it may develop that
conditions are such that all or parts of the foundation already grouted
require additional grouting. In such event, the equipment shall be returned
and additional holes for grouting shall be drilled and grouted as directed by
the Contracting Officer and no additional allowance above the contract prices
will be made for drilling and grouting such holes or for the expense of any
movement of equipment to the performance of such work.

5.6. Washing and Pressure Testing. Immed iate ly upon completion of drilling
each grout hole the hole shall be thoroughly washed with clean water with
water pumps capable of pumping 50 gallons per minute. All drill cuttings,
intersecting rock seams and crevices containing clay or other washable
materials shall be washed by circulating water from the bottom of the hole to
the top with the maximum pump capacity. The circulation shall continue until
the water is clear or for a maximum of 10 minutes. No separate payment will
be made for washing. Immediately before pressure grouting of any hole, the
hole shall be pressure tested starting with low pressures and increasing the
pressure to successively higher rates until the maximum pressure, for the
increment being tested, has been reached. Maximum pressure for testing shall
be the same as the maximum grouting pressure indicated in 5.8.2. Where no
pressure can be built up, the zone shall be tested at the maximum pumping
capacity for 5 minutes.

5.7. Stage Grouting Procedures.

5.7.1. First Stage. The Contractor shall perform the first stage or 10w
pressure grouting, by washing and grouting holes at locations indicated on the
drawings or as directed. Before grouting is begun in any hole of a given
series in any section, at least the two adjacent holes in advance of each such
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hole shall be completely drilled for the same stage and the adjacent hole
completely washed· and pressure tested to facilitate washing and flushing out
of any intervening clay~filled seams, fractures, or solution openings.

5.7.2. Second Stage. After all first stage grouting in any section has been
completed, as specified above, the Contractor shall proceed, when so directed,
with second stage drilling and ~routing in accordance with the procedure
outlined herein but in no case shall the deepening of any hole preparatory to
grouting be coumenced before a minimum period of 24 hours has elapsed since
completion of the previous stage-grouting at the hole, nor shall second stage
grouting be conducted within a distance bf approximately SO feet of any hole
in which a previous stage of grouting has been completed until the grout in
such previous stage holes has set for a period of 24 hours. Grouting at
subsequent stages shall conform to the same requirements as to minimum time
and distance.

5.8. Grouting.
presence of the
following general

All pressure grouting operations shall be performed in the
Contracting Officer, and shall be 1n accordance with the
procedure.

5.8.1. Grout Mixes. Mixes shall be 10 the proportion directed by the
Contracting Officer who will, from time to time, direct changes to suit the
conditions in the particular grout hole as revealed by the drilling and
grouting operations. The water cement ratio by volume will be varied to meet
the characteristics of each hole and will range between 0.6 to 6.0, the
greater part of grout probably being placed at a ratio of about 2.0 to 4.0.
The grout shall be neat cement consisting of cement and water.

5.8.2. Grouting Pressures. Grouting pressures to be used in the work will
vary with conditions encountered in the respective holes and the press.ures
used shall be as directed by the Contracting Officer. It is anticipated that
pump pressures will range from 0 to 40 psi but in no event will pressure in
excess of. 50 psi be required, based on grouting pressure of 1.0 psi per foot
of depth.

5.8.3. Grout Injection. In general, if pressure tests indicate a tight hole,
grouting shall be started with a thin mix of approximately 6: 1. If an open
hole condition exists, a~ rleteLmined by loss of drill water or inability to
build up pressure during washing operations, then grouting shall be started
with a thicker mix and with the grout pump operating as nearly as practicable
at constant speed at all times; the ratio will be decreased, if neccssary,
until the required pressure has been reached. When the pressure tends to rise
too high, the water-cement ratio shall be increased as may be required to
produce the desired results. If necessary to relieve premature stoppage,
periodic applications qf water under pressure shall be made. Under no
conditions shall the pressure or rate of pumping be increased suddenly, as
either may produce a water-haumer effect which may promote stoppage. The
grouting of any hole shall not be considered completed until that hole refuses
to take any grout w'hatsover at 3/4 the maximum pressure required for the
stage. Should grout leaks develop and grout escape through open fractures or
grout pipes, plugging, caulking, or capping will be required as directed. In
general, surface grout leaks through open fractures shall be sealed with a
thick mortar containing a quick setting agent. At times, however, oakum, lead
wool or other such materials may be used. Grout escaping through adjacent
grout holes shall be capped and before the grout has set, the grout pump shall
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be connected to each of these holes and the grouting completed at the
pressures specified as directed. Once grouting has been started it shall be

I continued to completion without any interruption whatsoever. If, due to size
and continuity of fracture. it is found impossible to reach the required
pressure after pumping a reasonable volume of grout at the minimum workable
water-cement ratio, the speed of the pu~ping shall be reduced. Following such
reduction in pumping speed, if the desired result is not obtained, grouting in
the hole shall be discontinued when directed by the Contracting Officer. In
such event, the hole shall be cleaned, the grout allowed to set, and
additional drilling and grouting shall then be done in this hole or in the
adjacent area as directed, until the desired resistance is built up. After
grouting of any hole, the pressure shall be maintained by means of a stopcock
or other suitable device until the grout has set to the extent that it will be
retained in the hole. Grout that cannot be placed, for any reason within 2
hours after mixing shall be wasted. If such grout is mixed at the direction
of the Contracting Officer or with his knowledge or consent, such wasted grout
(except grout or the material constituents thereof, wasted due to the improper
anchorage of the grout pipe or connections, negligence on the part of the
Contractor, or improper mixing) will be paid for at the contract prices for
the materials contained therein. After grout has set in completed holes, the
hole shall be kept filled with grout to ground surface by hand pouring. Any
holes in which the grouting is omitted shall be filled with grout to ground
surface by hand pouring. Any grout holes lost due to insufficient cement or
other materials shall be replaced by the Contractor at no additional cost to
the Government.

5.9. Exploratory Grout Hole Drilling.

5.9.1. General. Explorary holes shall be drilled in order to explore the
foundation material and to check the penetration of the grout. Exploratory
holes shall be located by the Contracting Officer. The core holes shall be
dr illed to the depths and angles direc ted and the core diameter shall be
minimum 2-l/8-inches diameter. The drilling shall be done in a workmanlike
manner and, in order to insure maximum core recovery, the coring equipment
used shall be similar in construction and equal in performance to Sprague and
Henwood '~" series equipment. Exploratory holes shall be washed to their full
depth, pressure tested, and pressure grouted as specified.

5.9.2. Core Boxes shall be well constructed of new, seasoned fir and plywood
and shall be of such length, width, and height that four 4-foot cores may be
placed in each box, separated by firmly fastened wooden strips and equipped
with at least six screws each. Standard hardware hooks, 2 inches in length,
and eyes will be attached to the covers opposite the hinges so the covers can
be firmly hooked to the box. Each box shall contain sufficient loose wooden
blocks, 2-1/8 x 2-1/8 x 5/8 inches, to be used as marked for the bottom end of
each core run. Details of core boxes to be used in the work shall be
submitted for approval prior to their construction. Core boxes shall be ready
for use well in advance of their actual need so that at no time will it be
considered necessary to employ makeshift' methods in storing the core
samples. The Contractor shall furnish sufficient core boxes to accouunodate
all cores recovered. A separate core box or group of boxes shall be provided
for each core hole drilled. All core boxes shall be constructed for NX size
cores.

20-9



6.1 Records and Tests.
records of corrective
required in paragraph:
REQUIREMENTS.

5.9.3. Procedure. The drilling shall be done in a workmanlike manner and all
necessary precautions shall be taken to secure the best possible cores. The
core barrel shall be pulled as soon as the advance is equal to core capacity
of the core barrel or as often as is necessary to prevent injury to the cores
whichever is shorter. As soon as any core block occurs, the core barrel shalt
be pulled ~ The core shall then be removed, placed in a wooden V-trough,
washed and placed in proper used for separating the core runs. As each box is
filled with the core samples, it shall be suitably and legibly marked with
project name, hole number, depth, and other pertinent information as
directed. No box shall contain cores from more than one hole. The boxes
shall be delivered in the vicinity of the work, as directed. Exploratory
holes may be grouted under pressure, if conditions so indicate, but in all
cases the holes will be grouted to full depth.

6. QUALITY CONTROL. In addition to records kept by the Contracting Officer
the Contractor shall establish and maintain quality control for all drilling
and grouting to assure compliance with contract requirements and maintain
records of his quality control for all operations including but not limited to
the fo 11owing :

(a) Drilling of exploratory grout and grout holes. Records of
drilling should provide plan showing location of all holes and information on
type of drilling equipment used, depths of drilling, drilling rates, washing
and pressure testing and depths of water loss.

(b) Grouting. Records should be kept of type of grouting plant
used, including all grouting equipemnt, grouting depths, grouting mixes, and
amount of cement for each change in water cement ratio, pressures and pumping
rates, ambient temperature, and grout takes and wastage, and time of each
change of grouting operation.

A copy of these records and tests as well as the
action taken, will be furnished the Government as

CONTRACTOR QUALITY CONTROL 0 f sec t ion: GENERAL

* * * * *
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OATE DESCRIPTION OBL.IGATIOH PIO.YIO.BL.E DISBuRSEIoIENT OUHOELIVEREOEXPENDITURE
BIO.L.IO.NCE 8AL.AHCE

I 2 ) 4 5 II 7

B.!. # 6(A) Scaling First 300 CY 300 CY 120 CY - 180 CY · 977X $ 17.00 _c 2,9Sg.62

B. !. # 6(B) Scaling over 300 CY 200 CY 0 CY - 200 CY · 977X S 15.00 -~ 2,931.00

B.!. # 7 Excavation, Abutment 36,000 CY 33,232 CY - 2,768 CY · 977X $ 4.00 -SHl,817.34

B. 1. # 8 fxcavation, Foundation 512,000 CY 485,723 CY -26,277 CY · 977X $ 1.00 -S25,672.63

9
Excavation, Exploration

- ~ 1, 007.288.1.# . Trench . 100,000 CY 98,969 CY - 1,031 CY · 977X $ 1.00

8.1.# 10(8'
Excavation, Dental
over 100 CY 5,400 CY 5,717 CY 317 CY .977X$ 60.00 +<;I8,582.54

[3. -r # 11 Excavation, Outlet Works 12,10.2 CY 12,110 CY 8 CY · 977X $ 6.00 +~ 46.90

R T H 12 Excavation, Spillway 233,000 CY 236,937 CY 3,937 CY · 977X $ 2.50 +~ 9,616.12

8.1.#13 Excavation, Channel 23,000 CY 24,521 CY 1,521CY · 977X $ 1. 50 +<": 2,229.03

R T # 15 Ex·cavation, Toe 1,920 CY 1,928 CY 8 CY · 977X $ 2.50 +~ 19.54

f3 I # 16 Fill, 0ut 1et \~0 r ks 16,000 CY 17,900 CY 1,900 CY · 977X $ 3.0() +S 5,568.90

R T H 19 Fill, Toe 37,400 CY 46,260 CY 8,860 CY · 977X $ 1. 25 +510,820.28
-
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R
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PARTIAL PAYME~T RECORD (Continued)

M M Sundt Contructinn rn nArt.Jna-Rn-rnl ;I
(Ch.cl( "'pr'Oprl." bolt)

- ACCRUED
ACCOUNTS OUNLIQUIOATEO

OATI!: O£SC~IPTIOH OBLIGATION
EXPENDITURE

PAYABLE DlsaURSE""ENTS OUNDELIVERED
. BALANCE aALANCE

I z ] 4 5 5 7

B !. ::22 EiJ!",1 nkr,1en t Core fi74 nnn rY F.R7 QSl rv 11 PC:;l rv · 977X $ 1. 00 +$ 13~~_4.-,.Jg ___

8.1.#23 Eilibankiilent Random 1 480,000 CY 1 46S0nn rY -lS non rv · 977X (;, an ,ot '1 lQO c:;n

R T :24 Gravel Drain 142,000 CY lLlg S8g r.Y 7 Sp,q rY .977X, 8.00 +$ 59 315 6?

R T :25 Additional Rolling 500 HR o HR -500 HR · 977X ~ 1on rio _'\ Ll.P. P.c:;n nn

R T :;26 Beddinq Material 33,450 CY 31, 900 CY - 1 550 CY , . 977X¢, R on - c:; 1? 114 8n

R T :27 Filter r~a teri a1 4,000 CY 3,659 CY -341 CY . 977X$ 8.00 -\ ? Ii!)S ?fi

R T ,,28 Stone, Type I 97,400 TN 88,830 TN -8 570 TN .977X$ 6.00 -$ 50 237 14

R T ,,29 Stone, Type II 67,000 TN 35,494 TN -31 506 TN . 977X$ 6.00 -$lR4 fiRR 52

R T :31 Groutinq, Stonework 350 CY 274 CY -76 CY .977X<t; 7S 00 -'\ S C:;fiR an

R T ,,33 Concrete, Outlet Channel Si 11 22 CY 25 CY 3 CY .977X\lnO.nO +'\ Zg3 10

R T ,,34 Concrete, Spillway Sill 43 CY 96 CY 53 CY .977X$125.00 +$ 6 472.62

Q T ,.37(B) Concrete, Plug (Lean Mix) 325 CY 300 CY -25 CY .977XS 75.00 -$ 1 831. 88 '

Q T .:;38(13) Dental Concrete 940 CY 910 CY -30 CY .977XS 90.00 -$ 2 637.g0

Q T ,.39(A) Grout, Slurry 100 CF 34 CF -66 CF . 977XS 6.00 -$ 386.89

B T :39(B) Grout, Slurry 100 CF o CF -100 CF . 977XS 5.on -<t; 4RR sn

R T :i40(A) Portland Cement 5,850 CWT fi fi40 r.WT 7QO rl-JT a77X¢' 4 SO +<1; 1 471 ;ILl.
HOles

Q p 43(8) Drilling Exploratory Grout 100 LF ... 57 LF -43 LF a77X~ 45.00 ~$ 1,890.50
'I C

". L.. -J • G.P.o. 1972-769272/227
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Paul N Dunn. CPT. CE\., . COL, CE .' .' .. .,. ." ~
'. __ ', Project Engineer '\ .~ '-"~ Contracting Officer '.,,' ' '' .

A"OU~T'
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PARTIAL PAYlIlEHT RECORD
.• CO .. TRAC TO" P\.I"C1-4A.ll 0"01l" NV".Il"lolA ... ': 01' \11:"00" 0" cO.. TF.... CTO.. ."

M.M. Sundt Construction Co•.. - -
(CPlKt: _ri.,• ...;

OUHLIQUIOAT EO

DUNo£Llvt:,u:o .j
BAL.ANCE .

7 '\ I•
OISBURSOIEHT

DACW09-BO-C-0121

• .! AC:COU~TS '-'
PAYABLE: , .. ,:

.. ' . BALANCE.
.. . . - I . . • .. -

ACCRUED
£XPl:NOITUR£

I
4 •..

J

OBLIGATIONDUCl'IlPTION

1

_ DATI:

i;..

I

+S 11. 518'. 83 !B. L# 43(C),
8.1.,;43(0)

Drilling Grout Holes'

Pipe for Grout Holes

975 LF

130 LF

1,761 LF'

150 LF'

-786 LF ..- 1.977X$ 15.00

.- 20 LF·.··· 1.977XS· 3.00 +$ 5~.6l . !
I

8. L#A3(E) ori 11 Set-Ups 70 EA . 124 EA - . 54 EA .' I. 977X S 50.00 +$ 2~ 637'.90

- 23.5 HR '.977X$120:00......
I' .

. - !

B. L#'43(F)

B. L# 43(G)

Washing &Pressure Testing

Grout Pump Connections

50 HR

70 EA

26.5HR

103 EA .. 33 EA ' .977X$ 35.00

~$ 2.755.13

+$' 1,128.44
. ..

8.L#43(H) Placing Grout 864 SA 4,744 SA J~880 SA · 977X # 30. 00 +$113. nil lin

! R. I.e 50 IAsphalt Concrete Pavement

I R. T. # 48 Aggregate Base, Access Rd 1,650CY

1,860 TN

1,806 CY

1,954 TN

. 156 CY
.. ~.

94 TN

· 977X $ 12.00

• 977X $ 30.00

+$ 1.828.Q/t

+$ 2.755:14

B. I .• 52 ,lAsphalt Used in SST 25 TN 35.1 TN . '--10.1 TN •977 X$250. 00 +$ "2 ;466~'92

R T'~ 53. :,IAggreg'ate Used in BST '260 TN 305 TN 45 TN •977X $ 20. 00 +$ 879..30
1,'4. ;,' ~ ::~ ~'5"" IGuard~/a i 1 297 LF 336.5 LF 39.5 LF .977X$ 15.00 +$ 578'.87

':'!', Ip'I"'p S&· lLogBarrier 174LF !'F'"
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.HSTAl..l.ATtO ... ACCOUNTING Cl..ASSIFICATION

Adobe Dam 96X3122 Const Gen C of E, Civil BE0640410A
Phoenix, Arizona

N."'E 0'- VENOOR OR CONTRACTOR CONTAACT OR PURCHASE O~OER NuW"ER
PARTIAL PAYMENT RECORD (ContInued) M. M. Sundt Construction Co. DACW09-80-C-0121

(Clt.cll ."ropr/.t. eoc)

ACCRUED
ACCOUNTS DUNl..IOVIDATEO

OBLIGATION PAYABLE DISBURSEMENTS DUNOEl..IVEREODATE DESCRIPTION . EXPENDITURE
BAl..ANCE B ... I.. ... NCE

1 Z J 4 , a 7

B.1. #63 Desert Varnish Finish 9.120 SF 27,695 SF 18.575 SF .977 xii '.30 +'1; 5.444.33

.

.-

' ..

-

I
tr GJ"OL IlJ71 ~.I1·C70,'11'
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Final Quantitv Increase $2.931 15

NAhliE OF VENDOR OR CONTRAC TOR CONTRACT OR PURCHASE OROE" Nu .... eE.R

PARTIAL PAYMENT RECORD
M. M. Sundt Construction Co. DACW09-80-C- 0121

(Check epp,op,ie,e "".)

ACCRUEO
ACCOUNTS DUNLIQUIOATEO

O"TE OESCRlpTION ·OBLIGATION
EX PEHOIT URE

pAYABLE OISBURSEMENT DUN DELIVERED
BALANCE BALANCE

1 2 ) 4 5 , . 7

8T 1/ 1R Fi 11 .1Sth Avpnup 91,000 CY 93,043 CY +2,043 CY $ 1.20 +$2,553.75

IRT JJ 1nll Stonp Tvop TTT .1Sth Avp 4,400 CY 4,234 TN - 166 TN $ 6.00 -$ 996.00

IRT JJ l1Q ~-- ·_-,tp Rrl<:p 1C:;th Avp 1,870 CY 1, 993 CY + 123 CY $12.00 +$1,476.00

IRT il 1:;1 Illcnh.::olt rnnrrptp P It 786 TN 781 TN - 5 TN $30.00 -$ 150.00

IRT JJ I:;Ll I ~
.; \/0 C:::o.::o 1 6,980 SY 7,138 SY + 158 SY $ 0.30 +$ 47.40

TOTAL +$2.931.15
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