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foundation preparation completed to station 16+50. 14 January 1984

38. D9H dozer ripping lower reaoh of right abutment aooess road.
28 October 1983

39. Right abutment "stripPing" using Case 1150C dozer. 22 November 1983
40. Typical example of large roots and pockets of soil between andesite

blocks at a depth of about one foot below the original right abutment
surface. 6 December 1983

41. D8H dozer ripping lower right abutment surface. 2 December 1983
42. Case 1150C dozer ripping right abutment with double shank ripper

teeth; note double parted winch cable. 6 December 1983
43. Typical example of excavated and blown right abutment surface prior

to removing loose rock blocks. Note distinct joints. 8 December
1983
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44. Stage I core trench excavation using push cat and scraper. Note D8
dozer using rippers and blade to excavate base of right abutment.
16 December 1983

45. Excavating andesite bedrock in Stage I core trench using Catepillar
235 excavator, vicinity station 31+10. 22 December 1983

46. Excavator widening Stage I core trench. January 1984
47. Left abutment excavation using 235 excavator. January 1984
48. Stage II core trench excavation using push cats and scrapers. Note

front end loader pushing overburden away from bedrock slope near
station 16+50 for scraper removal. 9 March 1984

49. Laborers tied off to safety lines while cleaning steep right abutment
surface. 29 November 1983

50. Surface preparation of right abutment using both air blasting and
hand labor. December 1983

51. Foundation preparation of right abutment surface using high pressure
air blasting. Note excavator working on south side of Stage I core
trench. 21 December 1983

52. Foundation preparation of Stage I core trench surface using backhoe
and hand labor, vicinity station 30+00. Note darker colored rock is
agglomerate cap. 6 January 1984

53. Pump truck with extendable boom and hose used for dental concrete
placement in Stage I core trench. 10 February 1984

54. Placing and vibrating dental concrete in Stage I core trench.
10 February 1984

55. Stage I core trench, vicinity station 31+50, after completion of
required surface treatment. Note large areas of dental concrete.
11 February 1984

56. Placing grout slurry mix by hand in prewetted crack between
rock blocks, vicinity station 31+80. 10 February 1984

57. Beginning Stage III right abutment surface preparation. Laborers
permitted to work only short reaches without safety lines. Note
backhoe removing Stage I protective cover down to elevation 1380 near
base of slope. 29 September 1984

58. Closeup of localized 3 foot deep cavity created during surface
preparation of right abutment; 20 feet right of dam centerline,
approximate station 31+96. 2 October 1984

59. Placing dental concrete on right abutment slope using concrete
bucket. 2 October 1984

60. Closeup of grout slurry application on right abutment. Slurry placed
in 1 inch wide by 6 inch deep open joints between andesite blocks.
9 November 1984

61. Right abutment between elevations 1393 and 1405 after surface
treatment. 12 October 1984

62. Small Case backhoe assisting excavator during left abutment
excavation. Note rock dust generated from air blasting of excavated
abutment surface. 10 January 1984

63. Initial foundation preparation of left abutment surface using low
pressure air blasting. Note 235 excavator on left. 6 January 1984

64. Foundation preparation in Stage II core trench using backhoes and
shovels; vicinity station 17+00. 12 March 1984
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65. Air cleaning core trench surface at station 20+80 using high pressure
bull hose. 16 March 1984

66. Stage II core trench foundation preparation. Laborers removing
alluvial materials loosened by backhoe from bedrock scour channels.
26 March 1984 .

67. D9H dozer with double shank ripping calichified granite cap at the
upstream edge of the core trench, vicinity station 16+30.
12 March 1984

68. D9H dozer using slopeboard to flatten bedrock slope near station
16+50 to 1:1 and remove soft weathered bedrock from foundation
surface. 12 March 1984

69. Left abutment between stations 11+48 and 12+24 after dental concrete
placement. 17 May 1984

70. Typical example of scour channels incised in granite bedrock, station
19+65. View looking upstream. 29 March 1984

71. Stage II core trench seour channels between stations 19+10 and 18+10
backfilled with dental concrete. 31 March 1984

72. Backfilling preconstruction test trench between stations 16+00 and
16+50, downstream side of core trench, with dental concrete. Note
sloping bulkhead constructed across open end of trench to contain
concrete. 30 March 1984

73. Drilling first zone of primary grout hole 30+00P using air track
percussion drill. Air-water mixture used as circulating medium.
10 January 1984

74. Air track drilling first zone of secondary grout hole 32+34S on right
abutment slope. . Drill pulled up slope using winch cable system.
6 March 1984

75. View of upstream end of intake structure foundation looking east.
Note left side wing wall steps in background and shear zone extending
across bottom of excavation. 6 February 1984

76. Outlet works conduit excavation between stations 17+60 and 17+40.
Note large angular granite blocks on floor of trench. 23 January 1984

77 • Overexcavated energy dissipator slope.. Note chamfer lines on bulk
head. Bottom line is top of dental concrete or "B" line elevation
while top line is invert of structural concrete. 19 March 1984

. 78. 235 excavator scraping off loosened rock from surface of outlet
conduit trench. Note relatively level surface (where laborers are
walking). 16 January 1984

79. D9 dozer ripping high spot at station 19+70 in outlet conduit trench
excavation. 17 January 1984

80. Intake structure foundation preparation. Note laborer jackhammering
high spots on left (east) side wing wall steps down to grade.
1 February 1984

81 • Partially completed outlet works intake structure. Note over
excavated area upstream of invert concrete slab. 26 March 1984

82. View of completed intake structure looking west. Note lean concrete
backfill areas adjacent to structure. 11 June 1984

83. View of outlet works excavation looking upstream. Hard granitic
bedrock exposed by excavator within energy dissipator in foreground.
18 January 1984

x



TABLE OF CONTENTS (Cont'd)

84. Foundation preparation of outlet conduit excavation using backhoe and
hand labor. 18 January 1984

85. Air cleaning energy dissipator foundation with very low pressure air
hose to avoid degradation of granite bedrock surface. Note hard
granite blocks in decomposed granite matrix. 15 February 1984

86. Placing leveling slab of dental concrete in outlet conduit
excavation. Wooden screed bar used for leveling surface of slab.
24 January 1984

87. Looking upstream at dental concrete placement on energy dissipator
slope. 20 March 1984

88. Final cleanup of energy dissipator foundation by low pressure air
blasting. 20 March 1984

89. Hand picking loose rock from foundation surface underneath energy
dissipator rebar lattice. 20 March 1984

90. Outline of concrete plug area on east side of outlet conduit. Note
most of conduit projects above adjacent foundation surface due to
greater depth of core trench excavation. 24 April 1984

91. Concrete plug placement on east side of conduit using concrete
bucket. Note laborer on top of box vibrating concrete near contact
with conduit wall. 25 April 1984

92. Concrete plug on west side of outlet conduit. Note upper portion of
plug is slightly steeper than 1:1 to eliminate "feather"edges
against the top of the conduit. 25 April 1984

93. Completed concrete plug on east side of conduit. Concrete spills
outside plug limits were subsequently removed. 26 April 1984

94. View of downstream north wall of completed spillway excavation
showing layered volcanic sequence which dips 30oNE. Note massive
flow breccia separating fractured andesite (on right) and tuff units.
Alluvium exposed near edge of photo on left. 29 November 1984

95. Typical example of strongly jointed andesite flow exposed in north
wall of spillway excavation, vicinity station 17+00. Note variable
joint patterns and darker colored "zone of weathering" near surface
of flow. 20 March 1985

96. Strong subparallel to wedge shaped joint pattern (striking N750 E,
dipping 450 NW) exposed in north wall of spillway excavation below
bench, vicinity station 15+50. 20 March 1985

97. Mechanical excavation in spillway using D9H dozer with double shank.
Note slopeboard used for slope trimming. 27 October 1983

98. North side of spillway excavation after production shot No. 9 down to
bench elevation. Note 1 to 2-foot buffer of rock left by step
drilling blasting technique which was subsquently removed to grade
using dozer slopeboard. 9 March 1984

99. Spillway test area excavated and cleaned to allow inspection and
evaluation of proposed horizontal buffer zone blasting technique.
Results unacceptable-note large 6 x 6-foot rock block virtually
unaffected by blast. 6 September 1984

100. Scraper hauling shot rock from spillway for Stage II diversion levee
slope protection. Dozer with slopeboard used for slope trimming.
22 March 1984
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Excavating production shot No. 14 in spillway using front end loader
and rock truck. 5 september 1984
Outline of sill section, south wall of spillway excavation. Note
irregular slope and highly fractured andesite rock mass.
31 October 1984
Excavating spillway sill at station 17+50 using a Gradall with
hydraulic ram attachment to break up the rock, and a Case backhoe to
excavate the broken rock. 28 November 1984
Excavated sill section, north wall of spillway. Note limited over
break in fractured andesite rock mass. 29 November 1984
Laborers cleaning loose rock from invert section of spillway sill.
Variable bedrock structure resulted in wider and slightly deeper
excavation than originally designed. 29 November 1984
Completed concrete sill section, north wall of spillway. Sill
extends up to bench level. Note sloped invert section projecting
above bedrock near bottom of photo. 20 March 1985
South wall of completed spillway excavation, vicinity station 16+00.
Note variable joint orientations and spacings, including prominent
dip-slope joint planes. 18 April 1985
Slope failure along arcuate dip-slope joint plane in spillway south
wall at station 15+75 has reduced bench width to only 7 feet.
20 March 1985
Dike No. 1 exploration trench, station 81+25. Note coherent andesite
blocks on both sides of photo with calichified andesite breccia
toward center. 22 January 1984
View of dike No. 1 exploration trench excavation looking north from
south abutment. January 1984
View of dike No. 1 completed exploration trench excavation looking
south from station 13+00. Note widespread caliche. 25 February 1984
Dike No. 2 foundation after stripping. 6 February 1984
Front end loader with full bucket compacting initial lift of core
material against treated bedrock surface in Stage I core trench,
vicinity station 30+70. 13 February 1984
Front end loader compacting core material against bedrock slope in
Stage II core trench, vicinity station 16+50. Note dozer using blade
to spread core material over foundation surface. 2 April 1984
Typical example of rock-core contact on left abutment (approximate
elevation 1447). Wheel rolling core material prevented damage to
highly fractured granitic bedrock surface by tamping roller.-
5 July 1984
Five foot high ramp of core material against right abutment slope.
22 October 1984
Slope failure in intensely fractured platy andesite, north wall of
spillway excavation, Vicinity station 14+00. 18 April 1985
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NEW RIVER DAM
PERTINENT DATA

Feature Description Unit

Drainage area sq. mi
Type of dam

Data

164
compacted
earthfill

Main embankment:
Crest elevation
Maximum height above streambed
Crest length
Freeboard

Dike No.1:
Crest elevation
Crest length
Freeboard
Maximum height

Dike No.2:
Crest elevation
Crest length
Freeboard
Maximum height

Spillway:
Crest elevation
Crest width
Max. water surface elevation
Max. spillway outflow

Outlet conduit:
Interior dimension
Length
Inlet elevation
Outlet elevation
Max. outlet outflow

Energy dissipator:
Length
Width
Floor elevation
Wall height

Outlet channel:
Base width
Sideslope
Levee height
Length

xv

ft, NGVD
ft
ft
ft

ft, NGVD
ft
ft
ft

ft, NGVD
ft
ft
ft

ft, NGVD
ft

ft, N~VD
ft /s

ft
ft

ft, NGVD
ft, N~VD

ft /s

ft
ft

ft, NGVD
ft

ft

ft
ft

1486.7
104

2,320
5.6

1486.3
7,464

5.2
36

1484.0
256
2.9

9

1456.2
75

1481.1
29,850

9.5 H x 6.25W
433

1389.25
1386.31

3,150

60.98
31.0

1372.0
22.0

16.0
2.5 H to 1V

8.0 - 1.0
730.32



NEW RIVER DAM
PERTINENT DATA (Continued)

Feature De~or1ption Data

Reservoir are~:

Spillway orest
Max. wa.ter surface

Capacity (gross):
Spillway crest
Max. water surface

Storage allocation below spillway crest:
Flood control (net)
Sedimentation

Standard p.ro.ject flood:
Total volume
Peak inflow
Peak outflow
Drawdown time (to empty)

Probable maximum flood:
Total volume
Peak inflow
Peak outflow
Drawdown time (to spillway orest)

xvi

acres
acres

ac ft
ac ft

ac ft
ac ft

aC
3
ft

. ftls
ft Is
days

aC
3
ft

ft
3
/s

ft Is
days

1,780
2,900

43,520
102,520

38,600
4,920

49,300
45,000
2,665

10.1

105,000
144,000
33,000

3.3



!lEW RIVER DAM
FOUNDATION REPORT

1. Introduction

Purpose and Scope

1.01 The New River Dam Foundation report was prepared by Robert L. Thurman,
project geologist, to satisfy the requirements set forth in ER1110-1-1801
dated 15 December 1981. The report provides a complete and accurate record of
the foundation conditions unqerlying the dam and its appurtenances. The
report also summarizes construction methods employed in excavating, preparing
and treating the foundations; describes testing and explorations performed
during construction and design modifications required by unforseen site
conditions; and discusses conditions which may require post-construction
observation or treatment. Pre-construction investigations and analyses are
briefly presented as they are detailed in the Phase II, General Design
Memorandum (GDM) , Appendix 1, dated November 1982. Pertinent construction
drawings are presented with geotechnically related changes and deviations
shown in red. The official "As-Built" drawings were not available at the time
of publication. Additional drawings describe the foundation geology of the
principal structures. Photographs of significant features are also presented.
Information on the design and construction of the dam and dike embankments is
presented in the New River Dam Embankment Performance and Criteria Report
(U.S. Army Corps of Engineers, in prep.).

1.02 The information presented in the foundation report is intended for use:
(1) in planning additional foundation treatment should the need arise after
project completion; (2) in evaluating the cause of distress or partial failure
ofa structure, and in planning remedial action should such a situation occur
as a result of foundation deficiencies; (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 potential claims by the Contractor in connection with foundation
conditions; and (5) as a part of the permanent collection of project
engineering data.

Project Location and Description

1.03 The project is located in Maricopa County, Arizona, approximately 22
miles northwest of downtown Phoenix and about 6 miles west of Interstate 17
(Black Canyon Highway), see plate 1. The dam is located on the New River
about 4-1/2 miles south of Carefree Highway and spans a relatively narrow
valley between the East and West Wing Mountains. The dam controls a drainage
area of approximately 164 square miles and is part of the PhoeniX, Arizona and
Vicinity (including New River) Flood Control Project.

1.04 The New River Dam project consists of the following features:

a. A zoned earthfill dam approximately 104 feet high (maximum) and
approximately 2320 feet long at the crest. The crest elevation is 1486.7 feet
(without settlement allowances) above National Geodetic Vertical Datum (NGVD).



b. A zoned earthfill dike, approximately 36 feet high (maximum) and
approximately 7464 feet long at the crest, about 1.7 miles northwest of the
right abutment of the dam. The crest elevation is 1486.0 feet NGVD (without
settlement allowances).

c. Anotherearthfill dike ,approximately 9 feet high and approximately
256 feet long at the crest, about 1/2 mile northeast of the left abutment of

"the dam. The crest elevation is 1484.0 feet NGVD (without settlement
allowances) •

d. Anmgated outlet, 6.25 feet wide by 9.5 feet high, near the base of
the left abutment.

e. A detached unlined spillway, 75 feet wide at the base, about 700 feet
northwest of the right abutment of the dam. A general plan of the project is
shown on plate 1. Views of the completed project are shown in photographs 1
through 15.

Project History and Authorization

1.05 The PhoeniX, Arizona and Vicinity (including New River) Flood Control
District was authorized by the Flood Control Act of 1965 (Public Law No.
89-298, 89th Congress) to help alleviate the flood hazard that exists in the
Phoenix metropolitan area. Postauthorization studies were initiated in the
spring of 1969 and during. Phase I studies, a combination structural
nonstructural plan was determined to be the best solution to the flood problem
in the area. The approved plan, which differs from the authorized plan,
involVes the construction of four earthfilldams (Dreamy Draw Dam, completed
in 1973; Cave Buttes Dcun, completed in 1980; Adobe Dam, completed in 1982; and
New River Dam, completed in 1985) and the construction of the Arizona Canal
diversion channel.

1.06 Two alternate damsites were geotechnically investigated and evaluated
for the New River project. The first site considered was explored between
March 1970 and January 1972 and discussed in the Phase I GDM dated March 1976.
This site, originally designated the interim report site, was renamed the
Phase I site in the Phase II GDM. The second and eventual construction site,
originally designated alternative site no. 1 but subsequently referred to as
the Phase II site, was located about 1500 feet downstream from the Phase I
site. This site was explored in detail for the Phase I GDM between November
1979 and May 1981. Pre-construction explorations done to augment the design
studies were made in June 1982. This additional work, although not included
in the GDM,was included in the contract plans. Geotechnical considerations
had no significant influence on site selection. The rationale for selecting
the Phase II site Was made on the basis of economics. All explorations
pertinent to the foundation and excavation studies, including those made in
1984 during construction, are presented in this report.

1.07 The New River Dam construction contract was advertised under bid
reference No. DACW09-83-B-0016. Bids were opened on 2 August 1983 and M. M.
Sundt Construction Company of Tucson, Arizona was awarded Contract No. DACW09-
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83-C-0050 on August 1983 with a total bid of $10,250,000.00. The rema~n~ng

bids ranged from $10,340,000.00 to $18,497,400.00. The government estimate
was $12,331,105.00. Construction began in October 1983 and the dam was
officially dedicated on 8 February 1985, approximately 6 months in advance of
the required completion date. The final contract cost was $11,749,344.60; the
increase due primarily to additional processing procedures required to obtain
adequate and acceptable Type I and Type II stone protection. Table 1 provides
a complete list of the final contract bid items and table 2 provides a list of
geotechnially related contract modifications and costs. Descriptions of these
modifications can be found under the appropriate sections of the text.

ICey Resident and Design Staff

1.08 The following is a parti~l list of Corps of Engineers personnel
responsible for the design and construction of New River Dam:

Engineering Division:
Project Manager
Civil Design
Technical Specialist
Soils Design
Soils Design
Geology
Geology
Materials and Investigation
Hydraulics
Environmental Planning
Cultural Resources
Landscape Architecture
Survey

Construction Division:
Resident Engineer
Project Engineer
Office Engineer
Office Technician
Assistant Project Engineer/
Field Superintendent
Laboratory Chief

Stan Lutz
Yan Bahaudin
Albert Honda
Rudy Roodsari
Ted Ingersoll
Vern Minor
Bob Thurman
Bill Halczak
Edward Chew
Lynn Almer
Helen Wells
Mike Evasovic
Bud Anderson

Neil Erwin
Cpt. Bob Dunne
Mike Ternak
Satsuki Carrington

Joe Salinez
Rick Flott

Contract Supervision and Quality Control

1.09 In addition to the Construction Division personnel listed in paragraph
1.08, the New River Dam project office maintained a permanent staff of two
field inspectors and three laboratory technicians, supplemented by additional
Los Angeles District, other District or military personnel when required.
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 nevertheless under constant inspection by the Project
Office staff. Engineering Division Geotechnical Branch personnel were
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actively involved in the supervision and inspection of geotechnically related
items such as excavation for the dam embankment and appurtenances, foundation
preparation and treatment and initial material placement. Supervision and
inspection of the foundation drilling and grouting program was the
responsibility of Geotechnical Branch personnel.

Subcontractors

1.10 The prime contractor (M. M. Sundt) subcontracted several aspects related
to the construction of New River Dam. The major subcontractors performing
geotechnically related tasks were as follows:

a. Brooks Hersey, Tempe, Arizona, the project surveyors.

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

c. Western Technologies, Inc., Phoenix, Arizona, performed materials
testings.

d. United Metro Division, Phoenix, Arizona, the concrete suppliers for
the project.
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2. Geology

Regional Topography

2.01 The New River Dam project is located in that portion of Arizona referred
to by Menges (1983) as the Gila Lowland Section of the Sonoran Desert
Subprovince, Southern Basin and Range Physiographic Province. The Province is
characterized by broad, gently sloping connected valleys or plains bounded by
moderately high, rugged mo~ntain ranges rising abruptly to maximum heights of
several thousand .feet above the fairly flat valley floors. The project is at
the southern edge of a topographic and structural basin and is bounded to the
southeast and southwest by the low-lying East and West Wing Mountains,
respectively, and to the east by an unnamed group of peaks. The broad
alluvial plain to the north and west of the project extends up to the New
River and Hieroglyphic Mountains. The dam embankment spans a relatively
narrow valley between the East and West Wing Mountains at the northern edge of
Deer Valley, a small undissected tributary valley within the larger alluvial
plain of the Salt River Valley.

Regional Geology

2.02 The rock types found in the mountainous areas that border the project
consist of: (1) an igneous and metamorphic basement complex composed
predominantly of Precambrian granite and related crystalline rocks with lesser
amounts of schist and gneiss; (2) Cretaceous to Tertiary intrusive igneous
rocks, consisting mainly of granite and monzonite; and (3) Tertiary volcanic
rocks in the form of basalt and andesite with local accumulations of tUff,
flow breccia and agglomerate. The basement complex is extensively exposed
along the eastern and southeastern margins of the project. Elsewhere,
particularly along the southwestern margin of the project, Tertiary age lava
flows rest unconformably upon the basement complex. Exposures of intrusive
igneous rocks are limited, occurring mainly in the mountains to the east.

2.03 Older sediments that constitute the valley fill are Quaternary in age
and are composed mainly of poorly- to well-consolidated gravel, sand, silt and
clay, representing several environments of deposition. The constituent
materials were eroded from the adjacent mountain masses by stream and sheet
runoff. Calcium carbonate cementation is common and considerable caliche is
present near the mountain fronts. Recent (Quaternary) alluvium, consisting
mainly of unconsolidated sand and gravel, fills the channels of the main
stream courses and the tributaries associated with flood plain washes. The
total thickness of the alluvial materials varies from zero along the mountain
fronts to depths exceeding 1200 feet under the valley interior (Cooley, 1973).

Geologic History

2.04 The Cenozoic history of southwestern Arizona was ushered in during the
Laramide orogeny, which began in the late Cretaceous, some 90 million years
ago, and continued for about 40 million years, into the early Tertiary. This
portion of the State was severely affected by this tectonic episode which was

5



characterized by regional uplift, eruption of rhyolitic· to andesitic volcanic
rocks, and by intrusion of several large bodies or plutons of igneous rock of
a granitic composition. Following the cessation of the Laramide orogeny,
southwestern Arizona was an area of general magmatic quiescence. During this
time,a broad erosional surface dipping northeastward was developed and
deposition of sediments in localized interior drainage basinsbccurred.
2.05 Another period of widespread tectonism began approximately 30 million
years ago during the late Oligocene and lasted about 10 million years, into
the middle Miocene. This episode, referred to as the "mid-Tertiary orogeny"
(Scarborough, 1979), was accompanied by extrusion of great quantities of
rhyolitic toandesitic tuffs,breccias and flOWS, and deposition of thick
sequences of clastic sediments in newly formed interior drainage basins.
Rocks deposited during and preceding this event were subject to low angle
normal faulting, steep tilting and local folding. Many of the older extrusive
rocks in the Salt River Valley area were products of this orogeny. With the
waning of themid-'rertiaryorogeny, a profound unconformable surface was
developed. Topographic lows became sites for fanglomerate and lacustrine
deposition. Tuff beds and extrusive flows intercalated in these sedimentary
deposits indicate continued though minor volcanic activity.

2.06 During the lateMiocene,approximately 15 million years ago, sUbsidence,
high angle normal block-faulting and erosion occurred in southwestern Arizona,
which disrupted all earlier landforms. This resulted in the development of a
typical basin and range structure of mountain-forming horsts separated by
valleys underlain by grabens or half-grabens. Deposition of sediments began
in the basins as the basins were formed. In the Salt River Valley area, these
sediments were deposited under oXidizing conditions in fluviatile and
lacustrine environments and consisted of clastics and evaporite sequences.
Included in the sedimentary sequence are occasional interbeds of extrusive
volcanic rocks of basaltic composition. Approximately 10 million years ago,
faulting began to wane and sedimentation in previously separate interior
basins began to coalesce.

Site Topographl

2.07 The New River, an ephemeral stream, flows generally south from its
headwaters in the New River Mountains across a broad gently sloping valley to
the dam, a distance of approximately 24 miles. The stream gradient in the
vicinity of the project is about 10 feet per mile. At the dam, the valley
narrows considerably, to a width of about 2000 feet. The dam embankment spans
the New River between the West Wing Mountains, which form the right abutment,
and Keefer Hill, a westward projection of the East Wing Mountains, which form
the left abutment (see pl. 1). The mountains are characteristically steep and
rugged although they attain only moderate heights. Elevations in the project
area range from 1390 feet in the streambed up to 2000 feet at the crests of
the surrounding mountains. South of the dam, the New River flows through Deer
Valley for a distance of approximately 8 miles before merging with Skunk
Creek, then flows about 8 miles further downstream before merging with the
Agua Fria River.

6



Site Geology

2.08 The geological formations present within the project area consist
generally of: (1) Precambrian granitic rocks; (2) Tertiary volcanic rocks;
and (3) Quaternary alluvial deposits. This section presents a general
discussion of the site geology. Detailed discussions of the geology and
foundation conditions are presented with each project feature. More
comprehensive petrographic work conducted by the South Pacific Division (SPD)
laboratory on 15 selected rock samples collected during construction resulted
in an expanded, more detailed, and sometimes revised rock classification
scheme (see pl. 28). The rock names used in this report are based primarily
on petrographic analyses. However, color and textural characteristics were
occasionally considered in the classification process to more clearly
distinguish between chemically similar rock types. Rock unit names and/or
designations used in the original contract plans (see pl. 2) were changed to
conform to the lithologic classifications used in this report. The
petrographic artalyses of the various rock samples are inclosed as attachments
1 and 2.

GEOLOGIC FORMATIONS

Granitic Rocks

2.09 The Precambrian age granitic rocks, composed primarily of granite,
diorite, and related crystalline rocks, are extensively exposed irt the East
Wing Mountains, including Keefer Hill, and underlie the outlet works and a
portion of the dam foundation on the east side of the valley. These rocks are
collectively referred to as the Precambrian basement complex in this report.
Granite and diorite are the dominant rock types present and appear to be of
plutonic origin. The granite is characterized by its medium- to coarse
grained texture, small percentage of mafic minerals and light gray to reddish
brown color. The diorite, found in close association with the granite, is
characterized by its medium- to coarse-grained texture, mottled appearance due
to a high percentage of mafic minerals, and medium to whitish-gray color.
Scattered occurrences of a fine- to medium-grained, mottled, medium to dark
gray quartz diorite may represent a possible postmagmatic alteration of
material near the margins of the diorite pluton. The granite and diorite have
been intruded in numerous locations by dikes of a medium gray to black,
aphanitic granitic rock which also frequently appears as inclusions within the
surrounding rock mass.

Volcanic Rocks

2.10 Tertiary-age volcanic rocks, composed of andesite, several varieties of
tuff, flow breccia and agglomerate are extensively exposed in the West Wing
Moutains. The dominant rock type, a light to medium gray aphanitic andesite,
is present on the right abutment of the dam and in the spillway excavation and
also underlies a portion of the dam foundation on the west side of the
valley. A reddish-brown to pinkish-gray porphyritic andesite outcrops in the
northwestern part of the West Wing Mountains and underlies the south abutment
of dike no. 1. Associated with the aphanitic andesite is a reddish-brown
volcanic cinder flow breccia, which is present as a fairly continuous layer
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below the andesite on the southeast flank of the mountains near the downstream
end of the sp.illway excavation. The breccia also locally caps the andesite
and infi.lls joints in the bedrock on the northeast flank of the mountains
immediately upstream of the right abutment and near the upstream end of the
spillway eJ£eavation. The tuff sequence, composed of a series of pyroclastic
rocks reflecting different modes. of origin·which have undergone varying
degrees of consolidation, is e][posed in the spillway excavation below the flow
breccia unit and forms a prominent ridge with columnar-type jointing along the
southeastern flank of the West Wing Mountains. Rock unit lithologies range
from well-stratified welded ash-fall tUffs to non-stratified slightly welded
ash-flow tuffs. A tuffaceous agglomerate, exposed along the northeast flank
of the mountains upstream of the right abutment, was found to locally cap the
andesite bedrock underlying the dam foundation on the west side of the valley.

Alluvi_

2.11 The Quaternary-age allUVium can generally be designated as either older
poorly- to well-consolidated valley fill, alluvial fan and flood plain
deposits; or younger unconsolidated stream channel and tributary wash
deposits. The older Quaternary alluvium also includes the usually thin spotty
veneer of residual sail and slope wash found on the slopes of the East and
West Wing Mountains; collUVium, consisting of desert varnished andesite blocks
and rubble, which caps the hills in the vicinity of the right abutment and the
spillway excavation; and rOUl'lded granite boulders which mantle the slopes and
crests of the hills north of the left abutment and cover the lower slopes
downstream of the left abutment. The valley floor is covered principally by
finer-grained flood plain deposits. consisting mostly of sands and silts which
attain a maximum thickness of approximately 9 feet. The underlying coarser
grained valley fill deposits, consisting mainly of clays, sands and gravels
with numerous layers and lenses of older stream channel cobbles and boulders
present to a depth of about 25 feet, extend down to bedrock, which is at known
maximum depths ranging from 136 to 144 feet beneath the dam foundation near
the center of the valley. Erratic, near-surface zones of caliche cementation
are common on the east side of the valley above the shallow granitic bedrock
pediment. The allUVium covering the slopes of the mountains is generally less
than 2 feet thick.

Faulting and 8elSilicity

2.12 The greates.t concentration of faults, particularly Quaternary faults, in
the State of Arizona occur in a poorly-defined band stretching diagonally from
northwest to southeast across the state, generally coinciding with areas of
historical seismicity (Menges, 1983). Most faults generally exhibit steep
dips and normal- separation. Quaternary faUlts are rare in southwestern
Arizona and none have been identified in the Vicinity of the New River Dam
project (Pearthree and others, 19-83).

2.13 The closest fault system to the project is the 45-mile-long Verde fault
system, located approximately 45 miles to the northeast at its southerly
extent. This system consits of several splays and sesments, the longest and
most continuous of which is the 17-mile-long central sesment. A maximum
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credible earthquake of Richter magnitude 7.0 could be produced by movement
over the total length of the Verde fault system, resulting in a maximum
bedrock acceleration of approximately 0.08 g at the dam (U.S. Army Corps of
Engineers, 1979). However, the largest earthquake ever recorded to date near
the Verde system was the 1976 Chino Valley event with a Richter magnitude of
5.1 and an epicenter location about 65 miles north of the project. This would
have produced a ground acceleration of less than 0.01 g at the dam (U.S. Army
Corps of Engineers, 1979). This fault system has shown evidence of Quaternary
movement but no historic or Holocene surface ruptures have been recorded.

2.14 The Basin and Range province in southwestern Arizona has been considered
to be tectonically inactive due in part to the low levels of historical
seismicity and the extensive pedimentation of mountain blocks (Pearthree and
others, 1983). Evidence of average regional recurrence intervals between
surface-rupturing earthquakes over the last 15,000 years range from 3500
years to possibly 15,000 years or more (Pearthree and others, 1983), indicating
a lesser degree of seismic hazard potential for this portion of the state.
New River Dam is located in Zone 1 of the Seismic Zone Map of the Contiguous
States (U.S. Army Corps of Engineers, 1983), an area of low seismicity. Only
five earthquakes with maximum epicentral intensities between V and VI on the
Modified Mercalli intensity scale have been reported within a 50-mile radius
of the project since 1871 (Dubois and others, 1982). Research published by
the United States Geological Survey indicates that the project has a 90-percent
probability of experiencing bedrock accelerations no greater than 0.04 g in 50
years (Algermissen and Perkins, 1976). A bedrock acceleration of 0.08 g
produced by a magnitude 7.0 earthquake on the Verde fault system would require
simultaneous movement on all segments and is not likely to occur during the
design life of the project.

Ground-Water

2.15 Ground water information for the New River Dam project was obtained from
three sources: (1) water well records obtained from the State of Arizona
Department of Water Resources, (2) subsurface investigations conducted prior
to and during construction, and (3) observation wells installed after
construction of the dam embankment had been completed. Using the most recent
water level data available, a ground water basin profile through the project
area was developed and is shown in figure 1. Within this 5 mile reach, the
water table gradient changes considerably due to varying subsurface conditions
and the intensity of ground water development.

2.16 In the basin area upstream of the dam, ground water withdrawal has been
minimal and the water table gradient is flatter than the corresponding
topographic slope, based on water level data provided by the following 3
wells. In 1985, ground water was measured at a depth of 100 feet (elevation,
1320 feet) in well (A-5-1) 25bca, approximately 1 mile upstream, and at a
depth of 121 feet (elevation, 1342 feet) in observation well no. 3, about 2
1/4 miles upstream. In 1984, ground water was measured at a depth of 212 feet
(elevation, 1362 feet) in well (A-5-1) 10aab, approximately 4-1/2 miles
upstream of the dam and about 1-1/2 miles north of dike no. 1.
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2.17 At the dam, the ground water table appears to rise significantly to a
known maximum elevation of 1357 feet, based on information from observation
wells 1 and 2. In 1985, ground water was measured at a depth of 36 feet
(elevation, 1351 feet) in observation well no. 1, 350 feet downstream of dam
station 24+50, and at a depth of 43 feet (elevation, 1357 feet) in observation
well no. 2, 305 feet upstream of dam station 24+50. However, since both wells
are fully perforated below a depth of 25 feet, these water levels may be
influenced to some extent by any localized zones of perched orsemiperched
ground water. In fact, underflow from nearby ephemeral borrow ponds which
"cascaded" briefly into well no. 2, indicates the presence of at least one
separate zone of saturated alluvium. Measurements of water levels and hole
depths in observation wells 1 and 2 in September 1985 indicate ,that these
wells may be plugged and that the "static" water levels may not reflect true
ground water conditions. Beneath the dam, preconstruction subsurface borings
encountered ground water between elevation~ of approximately 1300 and 1340
feet. These variations may be due to seasonal fluctuations, perched
or .a possible ground water mound condition beneath the active stream channel.
In any event, the overall higher ground water table at the dam is probably
caused by shallow bedrock constrictions in the relatively narrow confines of
the valley.

2.18 South of the project, in Deer Valley, the water table declines rapidly
to depths exceeding 300 feet due to intense gro~d water development for
agricultural as well as residential and industrial purposes. In 1984, ground
water was measured at a depth of 351 feet (approximate elevation, 1029 feet)
in well (A-4-1) 1baa, approximately one mile south of the dam.

Subsidence

2.19 Surface SUbsidence and associated earth fissure development have
occurred in the Phoenix metropolitan area as a result of major ground water
declines (Laney, 1975). Long-term survey data are not available to determine
if subsidence has occurred at the project. However, sub~idence has probably
been negligible due to the relatively shallow depth to bedrock and the lack of
any extensive ground water development and should not pose any future problems
for the dam embankment and appurtenances. The closest occurrences of measured
subsidence has been in Deer Valley along portions of Beardsley Road west of
Interstate 17 (Winikka, 1984). The maximum amount of subsidence detected
between 1967 and 1981 has been 0.45 foot at 83rd Avenue, approximately 4-1/2
miles ~outh of the dam. Subsidence would be expected in this area where the
alluvial materials are much thicker and where ground water declines of up to
300 feet have occurred in the past 30 to 40 years.

2.20 Earth fissures have not been observed in the project area or in Deer
Valley. The closest occurrences are about 15 miles to the southwest in the
vicinity of Luke Air Force Base, where 1 to 3 feet of subsidence has been
detected or estimated (Schumann, 1974).
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3. Foundation Exploration

Investigations Prior to Construction

3.01 Subsurface geotechnical investigations were conducted at the New River
damsite for the foundation of the dam, dikes, outlet works, three alternative
spillways, and potential borrow areas to determine design and cost data. The
geotechnical investigations consisted of geologic mapping, bucket-type power
auger drilling, diamond core drilling, dozer and backhoe trenching, shallow
seismic refraction surveys, and field and laboratory testing •.. The pre
construction investigations were initiated in 1971 but only a limited amount
of field work, consisting of geologic reconnaissance and preliminary mapping
plus one bucket auger test hole and one dozer trench, was performed. The
balance of the field investigations were conducted between November 1979 and
May 1981. Additional work was done in June 1982 to supplement and clarify
data on subsurface conditions discussed in the Phase II GDM. ThiS information
is presented in the project construction plans and specifications. Plate 2
depicts the general site geology within the project area. The geotechnical
investigations performed are summarized briefly in the following paragraphs.
Additional information, including the borrow area exploration data and test
results, is available in the Phase II GDM.

DAM FOUNDATION

Main Embankment

3.02 The investigation of the streambed portion of the dam foundation
consisted of geologic mapping, drilling 8 core holes (DD-14 through DD-16,
DD-17a, DD-18, DD-20, DD-28 and DD-34), 2 rockbit holes (DD-17 and DD-44), and
7 bucket auger test holes, excavating 26 backhoe or dozer trenches (including
TT-10 through TT-14, TT-46 through TT-54, TT82-1 and TT82-6); and conducting
7 seismic refraction surveys (lines 1, 2, and 11 through 15). The locations
of the core holes are shown on plate 2, the locations of the test holes are
shown on plate 3, the locations of the seismic refraction lines are shown on
plate 4, and the locations of the test trenches are shown on plates 3 and 12.
The geologic logs of the core holes are summarized on plate 6, the soils logs
of the test holes and 10 dozer trenches are shown on plates 7 through 9, time
distance curves and velocity profiles obtained from the interpretation of data
from the geophysical explorations are shown on plate 11, and the geologic logs
of 16 test trenches are shown on plates 12 through 14. A generalized geologic
profile along the centerline of the dam depicting anticipated subsurface
conditions prior to construction is shown on plate 5.

3.03 The core holes were drilled to determine the depth, type and quality of
the bedrock, and the rock mass permeability. An unsuccessful attempt to reach
bedrock was made during drilling of rockbit hole DD-17 while DD-44 was drilled
to investigate the type of material encountered at refusal depth in a nearby
test hole. In each test hole, representative disturbed samples of foundation
material were obtained at 3-foot intervals or at each change in soil type for
classification tests. The test trenches were excavated to determine the near
surface foundation conditions by visual examination, permeability testing,
mass gradation sampling and in-situ density testing using the sand displacement
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or large-scale water displacement method. .. Dozer· trenches TT82-1 and TT82-6
1

were exc.avatedto more accurately determine the depths to competent foundationl
rock and to assess the excavation requirements of the foundation materials. i

Thesei.smie refraction surveys were intended to yield information on sUbsurfac~
~~wave velocities and the overburden/bedrock contact. Results from survey i

lines 1,2, 11 and 13 were inconQlusivewhen compared with subsequent i

subsurface information obtained by drilling and trenching. It appeared the .
subsurface velocity profiles may have actually reflected the depth of bedrock
weathering and that density contrasts between the more consolidated alluvium
and weathered granitic bedrock were too minimal to be recorded.

Lett Abutaeot

3,.04 The investigation of the left abutment consisted of geologic mapping,
drilling two inclined core boles, D1)... 19 and DO...21, and excavating two test
trenches, TT82...4andTT82...5, ·with a 09 dozer. The locations of the core holes
,are shown on plate 2 and the geologic logs of the core holes are summarized on
plate 10. The locat.ionsof the test trenches are shown on plate 12 and the
geologie logs oftbe test trenches are shown on plate 13. The core holes were
drilled to determine: (1) the subsurface geologic structure, (2) the rock
mass permeability, and (3) general abutment excavation requirements. The
purpose of the trenching pr~gram was to more aQcurately determine the depth to
sound foundation rock and to assess the excavation characteristics of the
foundation materials.

3.05 The investigation of the right abutment consisted of geologic mapping
and drilling two inclined COre holes, 00...22 and 00-45. The locations of the
core holes are shown on plate 2 and the geologic logs of the core holes are
summarized on plate 10. The core holes were drilled to determine: (1) the
subsurface geologie structure, (2) the rock mass permeability, and (3) general
abutment excavation requirements.

3.06 Both abutments were investigated as possible locations for the outlet
works. The right abutment site was investigated by geologic mapping and 14
backhoe trenches. The trenches were excavated to determine the depth of the
overburdenlbedrock contact and the subsurface geologic structure. The left
abutment site was investigated by geologic mapping, 4 core holes (00-32
through 00...35), 21 backhoe trenches (TT-9 through TT... 14, TT-42 , TT-44 , TT-45 ,
and TT...81 through TT-92), 2 dozer trenches (TT82-2 and TT82-3) and 1 seismic
refraction survey (line 12). The core holes and survey line were located
along a preliminary alinement near the toe of the abutment while the trenches
were exeavatedalong or across the as-built outlet works alinement. The
locations of the COre holes and test trenches are shown on plate 12 and the
location of the seismic refraction line is~hown on plate 4. The geologic
logs of the test trenches are shown on plates 13 through 16, the geologic logs
of the core holes are sWllllarized on plate 17, and the time-distance curve and
velocity profile obtained from the interpretation of data from the survey line
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is shown on plate 11. A generalized geologic profile along the outlet works
centerline depicting anticipated subsurface conditions prior to construction
is shown on plate 12.

3.07 The core holes were drilled to determine the depth to bedrock and the
competency of the bedrock foundation under the proposed conduit structure.
The dozer trenches, TT82-2 and TT82-3, were excavated to determine the
competency and excavation characteristics of the bedrock along the as-built
conduit alinement. The backhoe trenches were excavated to more accurately
develop bedrock profiles along the entire outlet works alinement while seismic
refraction survey line 12 was conducted to yield information on bedrock P-wave
velocities and possible excavation requirements. The left abutment site was
selected because the outlet works conduit and energy dissipator could be
founded entirely on bedrock without having to resort to excessive rock removal
and the creation of possible slope stability problems.

SPTI.LWAY

3.08 In addition to exploration at the constructed spillway site (alternate
site no. 2), subsurface investigations were conducted at two additional sites.
Spillway no. 1, approximately 2400 feet north east of the left abutment, was
investigated by geologic mapping, 3 core holes (DD-9 through DD-11) and 3
seismic refraction surveys (lines 6 through 8). Spillway no. 3, on a ridge
adjacent to the left abutment of the dam, was investigated by geologic
mapping, 9 core holes and 3 seismic refraction surveys. The design site was
investigated by geologic mapping, 14 core holes (DD-13, DD-36 through DD-43
and DD-46thr'ough DD-50), 20 backhoe trenches (TT-58 through TT-77) two D9
dozer trenches (TT-93 andTT-94) and two seismic refraction surveys (lines 9
and 10). The locations of the core holes, and locations and geologic logs of
the dozer trenches are shown on plate 18. The location and geologic logs of
the baCkhoe trenches are shown on plate 19 and the locations of the seismic
refraction lines are shown on plate 4. The geologic logs of the core holes
are summarize"d on plates 21 and 22. Time-distance curves and velocity
profiles obtained from the interpretation of data from the geophysical
explorations are shown on plate 23. A generalized geologic profile along the
spillway centerline and cross sections which depict anticipated subsurface
conditions prior to construction are shown on plate 20. Investigations were
performed to: (1) determine the type and quality of bedrock present; (2)
assess the excavation requirements and disposition of the excavated materials;
(3) evaluate the need for a concrete lining or other treatment; and (4) assess
the sUitability of the site for construction of a spillway. The design site
was selected primarily on the basis of a more desirable downstream flow
pattern, both in relation to the embankment and outlet works and because of
reduced land acquisition requirements.

DIKE NO. 1

3.09 The investigations for dike no. 1 consisted of geologic mapping,
drilling 5 bucket auger test holes, excavating 7 backhoe or dozer test
trenches, and conducting 8 seismic refraction surveys. The survey lines and 4
test holes were located along a preliminary alinement for the dike. The
locations of the test holes, test trenches and seismic refraction lines are
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shown on plate 24. The soils logs of the test holes and test trenches are
shown on plate 25. Time-distance curves and a velocity profile obtained from
the interpretation of data from the geophYsical explorations are shown on
plate 26. In the tastholes and trenches, representative disturbed samples of
the foundation materials were obtained at3~foot intervals or at each change
in soil type for classification tests. Samples were also taken of caliche
cemented materials to determine their soluble< salts content.

DIKE 11).2

3.10 The investigations conducted for spillway no. 1 (see paragraph 3.08)
were also used to evaluate foundation conditions for dike no. 2. The
locations of the core holes are shown on plate 2, the locations of the seismic
refraction lines are shown on plate 4 and the geologic logs of the core holes
are summarized on plate 27. Time-distance curves and velocity profiles
obtained from the interpretation of data from the geophysical explorations are
shown on plate 23.

InvestigatiOns During Construction

3.11 Investigations made during construction consisted of drilling 4 NW-size
exploratory grout (core) holes, 100C through103C, and 1 NW-size exploratory
core hole, 104C,inthe core trench excavation. The locations of the
exploratory holes are shown in red on plates 29, 31, 32, and 33. The geologic
logs of the exploratory holes are shown in figures 3 through 7. Pressure test
and grouting data for each exploratory hole are shown in table 8. The
exploratory grout holes were drilled to check the effectiveness of the
grouting program and to further explore the subsurface geologic structure
beneath the dam foundation. Core hole 104C was drilled to explore the
subsurface geologic structure of the shear zone and the rock mass
permeability.

InvestigatiOns After Construction

OBSERYATIOR VBLLS

3.12 Investigations conducted after the dam embankment had been completed
consisted of drilling and installing 3 observation wells at the locations
shown on plate 1. The wells were requested by the Arizona Department of Water
Resources, Division of Safety of Dams for the purpose of monitoring ground
water levels in the project area. The work was accomplished under Contract
Modification P00013 at a total negotiated cost of $53,877, and included the
drilling, casing, perforating and swabbing of each well by the cable tool
drilling method and the subsequent installation of PVC pipe and the placement
of a gravel filter. Details of a typical observation well installation are
shown in figure 2. Pertinent data for each well are show in tables 3
through 5.
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It. Foundation Excavation and Treatment

Dam Foundation

DESCRIPTION

4.01 New River Dam is a compacted, zoned earthfill structure composed of
pervious shell zones, transition zones, a central core zone, and a downstream
horizontal toe drain (photo 16). The upstream slope is protected by a 12-inch
layer of Type I stone up to elevation 1440, an 18-inch layer of Type I stone
between elevations 1440 and 1475, and a 24-inch layer of Type I stone between
elevation 1475 and the crest of the dam. The downstream slope is covered by
12 inches of Type III stone overlain by landscaping materials. The core and
transition zones are founded on bedrock between stations 10+00 and 21+06 and
between stations 29+64 and 33+27. The pervious shell are generally founded on
bedrock in the abutments, and across the streambed from station 13+00 to
approximately station 16+60. The embankment plan, profile, and cross sections
are presented on plates 46 through 51.

4.02 The primary objective of New River Dam is flood control. The project is
designed to control the standard project flood (SPF) at spillway crest
elevation and considering a fully operational outlet works and reservoir pool
at spillway crest, the project is designed to safely pass a probable maximum
flood (PMF) and provide sufficient embankment and dike freeboard to prevent
overtopping by wind-induced wave action.

4.03 The dam embankment was constructed in three stages (photos 17 through
19). Stage I consisted of foundation and core trench excavation from stations
26+50 to 31+90; right (west) abutment excavation from stations 31+90 to 33+27;
foundation preparation and treatment, and grouting within the bedrock core
transition contact zone; and construction of the embankment to elevation 1380
from stations 26+90 to 31+90. Stage II consisted of left (east) abutment
excavation from stations 10+00 to 13+00; foundation and core trench excavation
from stations 13+00 to 26+50; foundation preparation and treatment, and
grouting within the bedrock core-transition contact zone; and construction of
the embankment to crest elevation from stations 10+00 to 23+30. Stage III
consisted of foundation preparation and treatment within the core-transition
contact zone, and construction of the embankment to crest elevation from
stations 23+30 to 33+27.

DIVERSION AND CONTROL OF WATER

4.04 The diversion and control of water plan consisted of the construction of
tw~ temporary diversion levees to bypass 25-year frequency flows of 28,000
ft Isec during Stage I and Stage II construction actiVities, see plate 52.
However, at no time during construction did flood flows disrupt or suspend
construction activities due to unusually dry climatic conditions. The Stage I
diversion levee (photo 20) was constructed to protect the right abutment, the
Stage I foundation and core trench excavations, and the Stage I embankment
fill. The Stage II diversion levee (photo 21) was constructed to protect the
left abutment, the outlet works, the Stage II foundation and core trench
excavations, and the Stage II embankment.
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4.'05 After grouting the bedrock exposed by the right abutment and Stage I
core trench excavations to elevation 1406,the Stage I embankment was
constructed to elevation 1380 and capped by a 3-foot protectiv~cover,

consisting of a 1-'f'oot lifto'f erosion resistant silty to clayey sand overlain
by2 feet of spillway rock (photo 22). When the stage I embankment placement
was complete, removal of the Stage I diversion levee began, concurrent with
construction of the Stage II diversion levee. This resulted in a 300-foot
wide breach between the right abutment and the Stage II levee.

4.06 Once the outlet works was completed and fully operational, closure of
the breachcolllllenced in October. 1984 during Stage III construction activities.
Materials from the Stage II levee were placed in the appropriate zones of the
dam embankment during closure. The embankment was constructed to spillway
crest elevation 1456 'by 27 November 19'84, and to elevation 1485 by 31 December
1984. The embankment was topped out in January 1985.

4.07 The dam embankment is founded on granitic bedrock of the Precambrian
basement complex, Tertiary volcanic bedrock, and Quaternary alluvium. The
eastern portion of the embankment, between stations 10+00 and 21+06, is
founded on basement complex rock while the western portion of the embankment,
between stations 29+64 and 33+27, is founded on volcanic rock. The central
portion of the embankment between stations 21+06 and 29+64 is founded on
alluvial deposits.

4.08 The geologic conditions at the dam embankment were essentially the same
as those anticipated from thepreconstruction investigations except that an
additional 160 feet of bedrock excavation was required. In the Stage I
excavation, the limits ·ofbedrock excavation were established at station 29+64
instead of station 30+28 shown on the contract plans. In the Stage II
excavation, the limits were established at station 21+06 in lieu of station
20+10.

4.09 The core trench and abutment excavations were mapped at a scale of 1
inch equals 20 feet using black and white aerial photographs of the
excavations as base maps. This proved to be an expeditious and accurate
method of mapping bedrock features. The foundation geology for the left and
right abutments,and the bedrock portion of the core trench is ,depicted on
plates 29 through 33. Only the most prominent or representative features
could be detailed in certain highly complex areas of the foundation because of
space limitations. A brief descri.ption of the lithologic units encountered
during the mapping of the dam foundation (and the other project features ) plus
a list of the geologic .symbols and abbreviations used, can be found on plate
28. The various lithologic units encountered on the east side of the valley
are described separately from those on the west side of the valley. A
discussion of the geologic structure of the embankment area follows the
description of the foundation materials.
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Lithologic Units - Lef't Abutment/Core Trench

4.10 In the original contract plans, the basement complex rocks were
collectively referred to as granite. No attempt was made to differentiate by
petrographic means the various rock types encountered during the
preconstruction geotechnical investigations. Only their appropriate
engineering properties were described. However, the fine grained granite and
dikes of mafic granite present in certain core holes or test trenches (see
plates 13 and 17) can now be referred to as diorite (including quartz diorite)
and intrusive rock, respectively. The basement complex was assigned a
Precambrian age based upon the Geologic Map of Maricopa County, Arizona
(Wilson and others, 1957). During the left abutment and Stage II core trench
excavations, a complex assemblage of rock types was exposed. On the dam
foundation and outlet works geologic profiles, the granitic rock contacts and
other structural features shown on the foundation geology maps were not
projected in cross section nor were correlations between core holes attempted
because of the complex arrangement of the various rock masses and
corresponding lack of detailed subsurface data. This precluded an accurate
portrayal of actual subsurface geologic conditions across the eastern portion
of the dam embankment except in localized areas. Four basic lithologic units
were classified, using both field descriptions and results of laboratory
petrographic analyses. A discussion of each rock type is presented in the
following paragraphs.

4.11 GRANITE. The dominant rock type present is a light-gray to reddish
brown, medium to coarse grained, phaneritic granite (gr). The rock is
characterized by interlocking crystals of quartz, alkali feldspar (chiefly
microcline) and plagioclase feldspar (chiefly albite); along with scattered
masses of biotite and muscovite. The granite is generally moderately hard to
hard, highly fractured, and slightly to moderately weathered.

4.12 DIORITE. The second most common rock type present is a medium to
whitish-gray, medium to coarse grained diorite (d). Unlike the granite, the
diorite is composed mostly of plagioclase feldspar of andesine composition
with only minor amounts of quartz. It also contains a higher percentage of
mafic minerals (biotite and hornblende), giVing the rock a mottled appearance.
The diorite is typically highly fractured like the granite but displays a
greater variability in terms of hardness and weathering characteristics.

4.13 QUARTZ DIORITE. Associated with the diorite and possibly representing
material near the margins of the diorite pluton which has undergone
postmagmatic alteration, is a quartz-rich diorite (qd). The quartz diorite is
darker colored and finer grained than the host rock and consists mostly of
quartz, alkali and plagioclase feldspars, and small quantities of mafic
minerals; including biotite and muscovite. A sample subjected to a
petrographic analysis revealed extensive alteration and solution etching of
the principal mineral constituents, indicating that post magmatic hydrothermal
alteration may have been caused by residual aqueous-gaseous fluids rising
through the intergranular pore spaces in the diorite rock mass. The quartz
diorite exposures are typically moderately hard to hard, highly fractured, and
slightly to moderately weathered.
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4•. 14 INTRUSIVE IGNEOUS ROCK. The basement complex has been intruded in
numerous locations by dikes,pods, and lenses of a medium';'gray to black
(fresh) to reddish-black (weathered), aphanitic, quartz-rich, granitic-type
rock (in). The principal constituents of the intrusive rock include quartz,
hornblende and biot!te with minor amounts of plagioclase feldspar. An
intrusiveorigin·rather than a metasomatic (post-depositional mineral
replacement) origin is suggested for the dike rock based on texture and the
relationship with other lithologies. Petrographic eVidence Includes: the
amount of quartz,theslightpreferred orientation of mineral grains, the
small grain size suggesting rapid cooling as compared to the surrounding
igneous rock, and the igneous-like texture.. The intrusive rock is generally
moderately soft to hard, variably weathered, and locally brecciated and
rehealed.

Litbolopc Units. - !ia!!t Abutaent/Core Trench

4.15 In the original contract plans, it was anticipated that only andesite
bedrock would be encountered in the abutment and core trench excavations.
However, the tuffaceous agglanerateunit, which was assumed to cap the deeper
portion of the bedrock surface beneath the active stream channel, was also
found to locally cap the andesite within the limits of the core trench
excavation around station 30+00. These volcanic rocks were assigned a
Tertiary age based on recent information which suggests that the volcanic
rocks in the Phoenix area were probably deposited during the mid-Tertiary
orogeny and are at least 20 million years old (Eberly and Stanley, 1978). The
andesite and agglomerate were classified using both field descriptions and the
results of petrographic analyses. A discussion of both rock types, plus a
description of the foundation materials in the·alluvial portion of the core
trench, is presented in the following paragraphs.

4.16 ANDESITE. The andesite (Tva) flow is characteristically medium to dark
gray in color, hard, blocky to platy, moderately to highly fractured, and
unweathered to slightly weathered. Macroscopi.cally, the rock has an aphanitic
texture with fine spherulitic mafic minerals appearing as black specks. There
is also frequent segregation of minute crystals of felsic plagioclase feldspar
into discontinuous flow bands With a subparallel alinement. Plagioclase
feldspar is the major rock-forming mineral present with the minerals pyroxene
and magnetite occurring in only trace amounts.

4.17 Infilling Material. An inspection of the core trench surface, folloWing
the completion of Stage I excavation, revealed the presence of a pervasive
green clay infilling material alongpredom1nantly high angle joint planes in
the andesite bedrock. The infilling material was restricted to the core
trench bottom b~tween station 29+64 at the edge of bedrock excavation and
approximately station 31+70 near the base of the right abutment slope. The
green clay is occasionally mixed with a reddish-brown clay and both contain
Yarying amounts of sand to gravel size andesite rock fragments. The infilling
tends to be tightly bond.ed to the fracture surfaces and field evidence
(geologic mapping of the core trench and subsurface drilling and grouting)
indicated the clay exhibits both lateral and a certain degree of vertical
continuity. The origin of this material is questionable. It may represent
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alluvial sediments which were deposited into the blocky surface of the
andesite flow underlying the valley or may, due to its pervasiveness,
represent an in situ weathering product of the buried bedrock.

4.18 Because of the magnitude of the infilling material, various samples were
tested to assess its suitability as a foundation material and possible impact
on surface preparation procedures. Disturbed, representative samples were
collected from the core trench foundation and sent to SPD laboratory as well
as to a local laboratory (Earth Technology Corporation). Due to the small
size of the samples, only dispersion, soluble salts, and classification tests
were performed. The results are inclosed as attachments 3 and 4. Generally,
they indicate the infilling material to be a very stiff to hard,
nondispersive, erosion resistant plastic clay (CH). Based upon these test
results and visual observations, the clay infilling exposed in the core trench
was determined to be a suitable foundation material.

4.19 TUFFACEOUS AGGLOMERATE. Although a simple petrographic analysis
classified the tuffaceous agglomerate (Tvta) as a lapilli-ash flow tuff, the
original rock name used on the contract plans was retained to avoid confusion
with a tuff unit exposed in the spillway excavation. This pyroclastic rock is
mottled gray to pinkish-red in color, and consists of unsorted, nonstratified,
predominantly angular volcanic fragments of andesite and basaltic scoria up to
approximately 6 inches in diameter in a vesicular glassy matrix with a pumice
like structure. The matrix contains numerous phenocrysts of plagioclase and
alkali feldspar, quartz and biotite. The agglomerate exposed in the core
trench excavation is typically massive, moderately soft to moderately hard,
and moderately to highly weathered. Field evidence indicates this flow rock
forms an approximately 1 to 2-foot cap over the andesite and fills in
localized deeper depressions in the underlying bedrock surface. The
agglomerate appears similar to that encountered at a depth of 82 feet in
preconstruction core hole DD-20 (see pIs. 5 and 6) and in fact probably caps
the sloping andesite bedrock surface east of station 29+64.

4.20 ALLUVIUM. The central portion of the core trench is founded on alluvium
(Qoal), designated as "Stratum C" in the Phase II GDM. The alluvial materials
consist mostly of cemented sandy gravels with layers of cobbles and boulders,
probably indicative of older stream channel deposits. The results of field
and laboratory tests indicated that these materials have high shear strengths,
low compressibility and a relatively low permeability and are, therefore,
suitable for the dam foundation, including the core.

Geologic Structure

4.21 The project area has been subjected to strong deformational forces from
the various tectonic episodes which have affected southwestern Arizona
throughout geologic time. Numerous shears and shear zones, fractures,
alteration zones and igneous intrusions have significantly affected the
Precambrian basement complex rock. In the volcanic andesite rock, most of the
structural features like layering and jointing probably formed during movement
and solidification of the lava flow. The apparent oversteepened con~acts of
the layered volcanic sequence in the spillway and the orientation of the
layering suggest possible uplift and tilting subsequent to emplacement. The
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.. I
structural trends in the mountains bordering the project area are predominantlf
to the northwest, conforming with the dominant pattern noted in the Salt River
Valley area by McDonald and others (1947). Even the long axes. of the mOuntain
ranges themselves reflect this trend. However, the shearing prevalent in the
granitic rocks tends to be oriented in a northeast direction.!

4.22 The geologic structure of the dam foundation was determined mainly from
surface exposures, supplemented by subsurface bore hole and geophysical data.
The actual bedrock profile revealed during construction was essentially the
same as depicted on· plate 50nthe contract plans. Except for the extension
of the bedrock pediments on both sides of the valley, the only other
significantly differentfoundatiqn condition encountered was the abrupt change
in bedrock gradient between stations 16+40 and 16+90. As originally
envisioned, the depth to bedrock was anticipated to increase gradually from a
depth of approximately 6 feet at station 16+00 to a depth of about 23 feet at
station 19+00. However, the steep 14-foot high slope present instead may
represent a possible erosion scarp developed in the softer predominantly
diorite bedrock bya pre-existing river channel (photo 23). Evidence for an
ancient river channel condition includes: (1) layers of stream deposited
cobbles and boulders present in the thicker sections of alluvium west of the
bedrock slope, and (2) extensive scouring and water-rounding of the bedrock
surface underlying these older stream deposits (photo 24). However, only
several small isolated scour channels were noticeable in the foundation •
surface adjacent to the slope, probably due to the softer, more weathered
nature of the bedrock.

4.23 The contact between the Tertiary andesite flow and the Precambrian
basement complex probably occurs at depth beneath the active stream channel as
shown on plate 5. The intense tectonic upheaval characteristic of the
Laramide orogeny suggests that this contact probably represents an erosional
unconformity. The basement rock has undoubtedly been altered by contact
metamorphism resulting from emplacement of· the volcanics. The existence and
position of subsurface basement (or boundary) faults beneath the project has
never been established due to the lack of deep subsurface information, and the
absence of evidence for faulting at or near the ground surface. If such
large-scale faults do exist, they would most likely be manifestations of the
long-quiescent Basin and Range disturbance. The predominance of non-tectonic
landforms, such as extensively pedimented mountain blocks, in southwestern
Arizona suggests that active block-faulting ceased during the late Miocene or
early Pliocene (Pearthree and others, 1983), and therefore, any basement
faults would be considered inactive. Of all the small-scale s,hears and faults
found in trench excavations, none were observed to displace the overlying
Quaternary alluvial deposits.

4.24 The foundation bedrock exposed in the left abutment and Stage II core
trench excavations consists of basically two large, highiy fractured and
sheared plutonic bodies ranging from granite to diorite in composition.
Unlike the relatively uniform physical characteristics of the volcanic rocks,
the basement complex is quite variable in terms of hardness and degree of
weathering. The granite tends to be the most competent of the basement rocks. I

Throughout the excavation, exposures of granite are consistently moderately
hard to hard, and slightly to moderately weathered. The diorite, on the other
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hand, is more susceptible to weathering, probably because of its quartz
deficient composition. As a result, its physical properties are usually more
variable. On the left abutment and in the vicinity of the outlet works (pIs.
32 and 33), the diorite is generally moderately hard to hard and slightly to
moderately weathered. However, in the area of the bedrock slope between
stations 16+50 and 17+50 (pl. 31), the bedrock exposures are normally
moderately soft to moderately hard and moderately weathered. The hardness and
weathering characteristics of the quartz-rich diorite tend to be similar to
those of the granite.

4.25 The granite and diorite plutons appear to have been invaded in numerous
places by dikes, pods, and lenses of a quartz-rich, mafic igneous rock. From
station 13+50 to station 17+50, the intrusive rock generally occurs as tabular
dike-like bodies (photo 25) which display a persistent northeast trend, almost
parallel to that of the major shear zone (see pIs. 31 and 32). However, on
the left abutment (pl. 33), the trend changes to a more northerly direction
and irregularly pods and lenses are more obvious. As stated previously, an
intrusive origin for the dike rock is suggested based on field and
petrographic evidence. The intrusive rock cuts across the structure of both
major rock types but overall appears to be more closely associated with the
diorite. In fact, when in contact with the granite, it tends to form the
boundary between the granite and adjacent dioritic rocks. The dike rock was
assigned a Precambrian age but might possibly be a product of the Laramide
orogeny, which affected the mountains to the east of the project. Exposures
of this lithologic unit are generally moderately soft to moderately hard,
slightly to highly-weathered, and highly fractured to shattered. The rock is
locally brecciated and rehealed with clay gouge and in some instances, appears
to have undergone partial metamorphism. This deformation may be related to
subsequent tectonic episodes which induced shearing of the basement rock. The
intrusive dikes generally vary from 1 to 10 feet in width. However, a
prominent "V"-shaped exposure of soft, highly weathered intrusive rock, which
trends in a northeast direction oblique to the dam axis, attains a maximum
thickness of approximately 25 feet upstream of station 14+90 (see pl. 32).
When this localized and rather unique subsurface condition was encountered
during the core trench excavation, the large tracked backhoe was able to
easily create a 12 to 14-foot deep, 30 by 40-foot wide depression (photo 26)
in the foundation surface before excavation was halted. This depression was
situated 5 feet upstream of the dam centerline between stations 14+85 and
15+25 (see pIs. 32 and 47). The excavation occurred along a postulated near
vertical contact between soft, weathered intrusive and diorite rock. The
excavator did not encounter resistance sufficient to terminate excavation
because of the fairly consistent subsurface conditions present. Despite the
greater depth of excavation, the physical characteristics of the bedrock in
the bottom of the depression were not significantly different from those at
the surface.

4.26 The basement complex has been extensively dissected in places by a
prominent shear zone and a secondary network of smaller individual parallel to
cross shears. The shearing displays a dominant northeast structural trend,
compared to the major northwest trend of the region. Measured shear
attitudes6 plotted on a stereonet, revealed an average strike of N700 E and a
dip of 75 SEe The major shear zone (see pIs. 30 through 33) generally
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parallels the dam alinement. It is confined mostly·to the upstream
zone of the core trench and left abutment (photos 23 and 27), except in the
vicinit:yof' the outlet works between stations 13+65 and 15+00. There it exits
the core trencheJecavationandapparentlyre-emerges in the outlet conduit
trenchexcij.vationasa <narrow 12..inch-widezoneatstation 19+05. The shear
zone displays a characteristic diversity in structure. Between stations 10+00
and 19+00, the zone is noted for its apparent sinuosity and variable
thickness. It ranges from appr01timately4 inches to 20 feet in width and
exhibits· little linearity, having the tendency to warp, pinch and swell. The
shearing generally cuts across the .structure of all the .maJor .rock types but
also occasionally ·wraps around bodies of i,gneous rock without dissecting
them. An example of this phenomenon cc,curs upstream of station 12+10 where
the southern edge of the shear zone "curves" around a lense of intrusive rock
(,photo 28) '" Mlest ·afstation 19+00,thesnearzone branches out into two
distinct par.allellinearshearzones averaging 4 inches in width witha more
east-west trend. Significant ~hearing within this portion of the excavation
also tends to be absent. Numer.ous . individual shears which branch or splay out
in divergent ,patterns :from the major shear zone are quite common throughout
the excavation (photo 29). These ,shears range in thickness from a pencil line
to ,several feet and few are continuousinlength.for more than 200 feet.
These shears also have characteristic non-linear patterns. On the left
abutmentsl.ope,sev.eral .approximately 5-footwide zones containing calichified
sheared rockrtib:bl~e extend diagonallY across the foundation surface from the
shear zone.

4.27 The major shear zone contains basically a .mixtureof crushed and
brecciated to intenselY .fracturedro.ckandclaygouge, with some evidence of
slickensides. The rock :hasvariablehardness and weathering characteristics
and frequentlY is unrecQgnizable in terms of rock type due to the effects of
shearing and/or hydrothermal alteration.. Shear-induced block rotation has
resulted in locally crushed to shattered areas in rock masses adjacent to the
shear zone.. This ~y:peof deformation was usually confined to the left
abutment. The fractured basement rock in the shear zone and other portions of
the excavation, particularly on the .left abutment and shallow pediment surface
in the core trench, ,has been extensively rehealed with pervasive secondary
deposits of calcium carbonate, primarily in the form of indurated insoluble
caliche (photo 30). Calcium car,bonate lined fractures up to 3 inches wide are
most prominent within the aioriterock mass, particularly on the left
abutment.

4.28 Joint structures .intbebasementcomplex are quite extensive and well
developed (phota 31). They are usually tight orwell healed (generally with
calcium carbonate), and typically closely spaced (1/2 to 6 inches). Open or
clay-lined joints were relatively few, and their apertures were too narrow to
permit successful ,slurry ..grouting. Strong subparallel to parallel patterns
.are recognizable in the joint arrangements, particuiarlythose with a
northwest trend,. Joint orientations are variable but three distinct, although
broadly defined, patterns emerged when the attitudes measured in the
excavation were plotted ona stereanet. The stereonet plot revealed what may
be referred to as orthogonal joint sets, which are characteristic of block
jointed granite. The major joint systems (withaver~e strikes and dips
noted) are as follows: (1) striking N55<>:E, dipping 70 SEj (2) striking N25<>W,
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dipping 550 SW; and (3) striking N400W, dipping 500 NE. The origin of the
jointing is debatable, but it is believed that shearing is not the only
mechanism responsible for the highly fractured nature of the igneous rock
mass. The first joint system lies at an acute angle to the dominant shear
direction and thus may be an "en echelon" feature caused by shearing. The
remaining two joint systems may have been formed by processes relating to mid
Tertiary volcanism in the project area. The hypothetical development of these
northeast trending systems with opposite dip directions may be as follows. If
silicic magma began accumulating in a shallow magma chamber, the resulting
pressure build up would cause the granitic basement rock above the chamber to
arch upward. Intense mechanical fracturing would result due to this arching
effect, giving the magma a pathway to the surface. Since this venting
obviously occurred somewhere on the west side of the project, the east side
bedrock would have healed due to the release of pressure.

4.29 No definitive faulting was identified in the left abutment and core
trench excavations, and the shearing is believed to be contemporaneous with
the large-scale mid-Tertiary orogeny. The shearing is probably not related to
emplacement of the Precambrian basement complex since it was found to cut
across all bodies of igneous rock, including the intrusive dike rock.

4.30 The limited exposure afforded by the dam excavation, the relative
complexity of the igneous rock assemblage, and the lack of conclusive field
evidence or radiometric age dates made any attempt at determining the exact
relationship between the various rock units tenuous at best. Unlike the
relatively simple layered volcanic sequence in the spillway, the lithologic
units comprising the basement complex frequently occur as irregularly-shaped,
discontinuous masses without any significant lateral continuity or dominant
structural trend. A good example of this occurs on the left abutment between
stations 10+00 and 12+00. It is not known whether emplacement of the granite
and diorite plutons was contemporaneous or occurred at different times.
Apparent xenoliths of both rock types appear to be mutually occurring, while
the existence of the quartz diorite might indicate hydrothermal alteration of
the diorite pluton during intrusion of the granite magma (or for that matter
the intrusive rock). If this latter hypothesis is true, then the so-called
Precambrian age granite may in fact be younger rock, possibly related to the
Laramide orogeny.

4.31 The foundation bedrock exposed in the right abutment and Stage I core
trench excavations is predominantly andesite with only minor amounts of
tuffaceous agglomerate present. The andesite is strongly jointed and has a
well-developed blocky structure (photo 32). The viscous nature of the flow
during emplacement probably resulted in the lava developing its distinctive
structure as it cooled. The andesite also exhibits a generally well-defined
layering, which dips in an upstream direction and gives the rock a locally
platy orslabby appearance (photo 33). The layering may be the consequence of
differential cooling of a single lava flow or the eruption of numerous thin
flow sheets. However, evidence of shearing, indicating possible movement of
one layer over another, was difficult to recognize. The only obvious flow
structures consist of oriented phenocrysts of plagioclase feldspar into
discontinuous flow lineations or bands. The irregularity of the foundation
surface can be attributed in part to the hard blocky nature of the andesite
rock mass.
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4.32 Joint structures are typically well-developed, open, closely to J
moderately spaced (1t012 inches), and arranged in subparallel to wedge
shaped patterns with varying degrees of lateral continuity. Joint orientation
are variable, although strong consistent patterns are recognizable throughout I
the excavations and instereonetplots. The dominant trend in the layering is
N50OW,with an average dip of 30oNE. Two high angle intersecting joint sets
predominate; onestrikingN70OW and dipping 600sw and the other striking
N20~, dipping 750 NW. However,both attitudes are averaged within two broadly
defined patterns indicated on stereonet plots. Unlike the usually tight or
narrow calcium carbonate healed joint apertures present in the granitic rock,
the characteristically open joints in the volcanic bedrock are generally lined
with varying thicknesses of infilling materials. In the core trench bottom,
green clay (occasionally mixed with red-brown clay) filling of discontinuities
with apertures averaging approximately 1/4 to 2-1/2 inChes in width is quite
extensive. Ontheabutment,similiar discontinuities are usually filled with
fine grained residual soil or rock rubble, althOUgh minor calcium carbonate'
and black oxide staining are also present. Scattered throughout the
excavations are brecciated and rehealedfractures, frequently interconnected,
which occasionally extend uninterrupted for distances of up to 50 feet. The
well indurated breccia, which can attain a maximum thickness of about 12
inches, is composed mostly of purplish-gray andesite (photo 34). However,
minor amounts of reddish-brown flow breccia are also present. Joint surfaces
are typically planar to slightly undulant in shape although distinctly arcuate
patterns are prominent in localized portions of the core trench. Voids and
near vertical linear zones of rock rubble and soil occasionally separate
intact coherent rock blocks on the abutment surface. These surface features,
ranging from approximately 1to 3 feet in width and 2 to 4 feet in depth
required cleaning and backfilling with dental concrete prior to embankment
placement. In addition, joints and fractures containing unsuitable foundation
materials, primarily loose rock and soil, were cleaned and treated with grout
slurry to provide a suitable foundation.

4.33 The andesite rock mass,asnoted previously, is generally moderately to
highly-fractured. However, in localized areas; particularly on the upper half
of the abutment and near the margins of the core trench bedrock excavation
east of station 30+20, the rock is highly fractured to shattered. The
distinctive layered structure is also not as apparent within portions of the
upper half of the abutment. Instead, the foundation surface has the
appearance of large randomly oriented volcanic blocks separated by
predominantly northeast trending near vertical joints and rubble zones. These
areas may in fact represent the more intensely fractured near surface or
leading edge ofa highly viscous .flow.

4.34 The only exposures of tuffaceous agglomerate occur between stations
30+15 and 29+64, an 'area where only limited excavation of the andesite bedrock
was accomplished,due to the increasingly greater depth to bedrock toward the
active streambed.~ Outcrops are sporadic due to the cap-like nature of the
rock unit. In addition to the agglomerate, the andesite upstream of station
30+00 is also capped by a layer of andesite breccia in a matrix of green clay
and fine grained, tan colored tuffaceous material.

24



FOUNDATION EXCAVATION

4.35 Foundation excavation consisted of excavating the near surface alluvial
materials from beneath the entire dam embankment down to bedrock or elevation
1380. The depth of foundation excavation is shown on plate 46. The purpose
of the foundation excavation was to remove unsuitable materials (primarily
silty sands) which would be susceptible to collapse when loaded and saturated.
The removal of these materials would minimize differential settlement and
provide a suitable foundation (either bedrock or a sandy gravel layer) on
which to place the pervious shell materials. Bedrock was encountered on the
east side of the valley between station 13+00 and approximately station 16+60
beneath the pervious shell zones. Most of the excavation was accomplished
using push dozers and scrapers. However, when caliche cemented alluvial
materials were encountered above the shallow bedrock pediment on the east
side, a D8K dozer equipped with a double shank cross ripped the material to
facilitate removal of the alluvium with the scrapers (photo 35).

ABU'l'MENT/CORE TRENCH EXCAVATION

4.36 The purpose of the abutment and core trench excavations within the core
transition contact zones was to provide a suitable foundation on which to
place and compact core and transition materials. In this regard, the
excavations were extended either to sound bedrock (photos 36 and 37), or in
the case of the central portion of the dam foundation where bedrock was deep,
to a well cemented sandy gravel layer at elevation 1365. Within the pervious
shell zones on the abutments, only minimal excavation (1 foot average) was
required to remove all loose overburden and rock, vegetation and other
objectionable materials. The depth of the abutment and core trench
excavations are shown on plate 46.

Right Abutment/Stage I Core Trench

4.37 ABUTMENT ACCESS ROAD. The excavation for the right (west) abutment and
Stage I core trench commenced on 17 November 1983 and was completed by 5
January 1984. Excavation of the steep right abutment was probably one of the
most difficult and potentially hazardous phases of the entire construction
process. To effect equipment access to the abutment prior to the start of
excavation, the Contractor, starting on 27 October 1983, pioneered a side hill
cut access road from the miscellaneous fill area up the right abutment slope
outside the abutment-embankment contact zone to a staging area about 15 feet
above the crest of the dam. The initial road excavation was accomplished
using a D9H dozer (photo 38). Due to difficulties in ripping hard resistant
outcrops of volcanic bedrock, (i.e., andesite and flow breccia), only 150 feet
of road was excavated after three work shifts. The Contractor then proposed
to implement a "secondary type" blasting program to assist their pioneering
efforts along the remaining 500-plus feet of roadway and to preclude further
delays in the tight Stage I construction schedule. Two production shots, on 8
and 11 November 1983, were necessary to blast the bedrock along the road
alinement while a third shot, conducted on 15 November, was necessary to widen
the perimeter of the abutment staging platform to allow for greater equipment
mobility and safer working conditions. According to the blasting summary in
table 6, 552 cubic yards of rock were blasted using 430 pounds of Atlas 75-
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percent Power Primer explo~ive.Thi~ resu.lted in an average powder factor of
9.78 poundsot' explosive percubicyardot' rock. Blast holes were drilled on
i;l·4 '1C5...t'o<;>t pattern; to depths ranging from 5to 7 feet along the access road
tQ8to 10 teet within the $.taging area. The muck generated from the 3
production sbot~ was pushed down the slopes using a D8 do~er. The access road
blasting program afforded the Contractor-the opportunity to establish
acceptable sh<;>t reporting and recording procedures before commencing blasting
operations in the spillway.

4.38 ABUTMENT EXCAVATION. Once the right abutment access road was completed,
the Contractor field tested hispropo~ed abutment excavation technique on the
spillway muck pile. The demonstration worked well although subsequent changes
were required during abutment excavation to produce a safer and more effective
ope~atiQn. The Contractor initially attempted to strip the loose rubble from
the abutment sUrface using a small Case 1150C dozer attached by a single winch
cable to a DBH dozer on the staging platform. By winching. the small dozer up
and down the sloPe, swat~ could be cut in the loose material using the
blade. However, this techniq"eproved Wl3ucessful and was soon abandoned.
The main problem was that if the Case dozer was not directly in line with the
drqm on the D8 dozer, the winch cable could not be reeled up properly. This
meant that the D8 had to constantly shift around to maintain proper alinement
with tbe Case dozer as it worked the~lope.This excessive movement caused
much sloughing of the hedroek at the edge of the platform, creating a safety
hazard for the dozer operator working below. In addition, the winch cable was
becoming increa~ingly frayed due to contact with the bedrock surface.

4.39 On 21 November, the Contractor resumed the right abutment stripping
using the Case dozer attached by tbe winch cable to two D8 dozers moving in
tandem along thesta.g:Lns Pl.tforrll (photo 39). This modifie<lprocedure was
successfUl in blading loose rock and overhur<len from the abutment surface
within the core~transition contact ~One and upstream pervious shell zone but
was not practical for accomplishing the approximate 3 feet of bedrock
excavation anticipated for the abutment core and tran~ition zones. Due to the
iMbility of the dozer to develOp sufficient leverage on the steep slope, the
blade had limitedsucce~sin remov:Lng the typically loo~ely keyed in-place
andesite rock blocks from the abutment surface (Photo 40). The Contractor
then attempted to reach a suitable foun<lation surfaCe using both high and low
pressure air blasting followed by hand labOr but it soon becaome apparent
these lIlethods were bothtim~ consuming and ineffective. Detailed cleaning of
aelectedt~st areas on ~he upper half ot' the abutment to allow viaual
inspection and evaluation by G~otechnical Branch personnel of the foundation
aurface r~vealed \ln8uitable materials, generally loose, soil infilled rock
bloCks, which coul<l be further excavated up to depths of about 2 feet using a
rock pick.

4.40 Althougbreservationsllereexpressed by the Government over the affects
of ripplng on the fractured bedroCk, it WM obvious that mechanical methods
would be neceasary to accomplish the anticipated 3 feet of abutment excavation
10 ahown on the contract plans. The Contractor then decided to abort the
cleaning program and resume excavation on 2 December using a D9H dozer with a
double shank to rip the lower half of the abutment (photo 41). The dozer was
winched UP the slope by another D8H <lozer using a D9H dozer as a "deadman".
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This set-up worked well except the winch periodically overheated and the
DB dozer could be pulled only half way up the slope; the remainder was too
steep. The upper ±3 feet was ripped fairly easily and the muck included a
significant amoun~ of alluvium.

4.41 On 5 December, the Contractor switched back to the Case 1150C dozer,
this time equipped with a triple-toothed ripper (later changed to a double
tooth ripper), to rip the upper half of the abutment as well as complete the
excavation of the lower portion (photo 42). The lighter weight dozer was
ideally suited for excavating the 2 to 4 feet of fractured and infilled
andesite in .the core-transition contact zone. Initially the same overheating
problems were encountered but after switching to a double shieved winch cable,
no further difficulties were incurred. The problems of working on a steep
slope were partially solved by pushing the muck pile at the base of the
abutment up the slope to create a berm with a flatter gradient. When refusal
was encountered, several test areas were air cleaned to allow visual
inspection and evaluation of the foundation surface. The bedrock looked
treatable, although extensive foundation preparation would be necessary in
localized areas to remove loose rock blocks, and infilling material
(photo 43). A comparison with the andesite bedrock exposed in the spillway
and staging area indicated that additional mechanical excavation would
probably not expose a significantly better foundation surface and that due to
the nature of the joint patterns and the limitations imposed by the steep
abutment surface, additional excavation in refusal areas would probably be
difficult, ineffective, and unnecessary. Therefore, the Contractor was
instructed that whatever the dozer could effectively remove by ripping and
blading would be the extent of abutment excavation.

4.42 CORE TRENCH EXCAVATION. Once the above streambed excavation was
completed, and the talus pile at the base of the abutment removed, the
Contractor, on 16 December, began the Stage I core trench (below streambed)
excavation using two scrapers, assisted by a D9H push dozer and a DBK dozer
equipped with a double shank. The DB dozer excavated the bedrock on the
abutment slope using the rippers and blade, while the scrapers worked at
removing the ripped bedrock and alluvial materials within the core trench
excavation (photo 44). The removal of the talus pile generated by the
abutment excavation revealed an approximate 5-foot gap between where the D8
and Case dozers stopped excavating and the DB dozer began its excavation.
This gap was subsequently excavated when the scraper work was completed.

4.43 By 20 December, andesite bedrock had been encountered in the bottom of
the core trench so scraper use was discontinued. It was apparent that near
the base of the abutment slope, more than 3 feet of bedrock had been
excavated, and that between approximately stations 31+50 and 30+28, a gradual
slope from elevation 1355± up to elevation 1365 had been established. A
cursory inspection of the bedrock exposed by the scrapers indicated that a
treatable foundation surface had not been reached, even in areas where
approximately 3 feet of bedrock excavation had been accomplished. To avoid
undue damage to or degradation of the highly fractured bedrock, the Contractor
used a large tracked backhoe (Caterpillar 235 excavator) instead of a dozer
with rippers to continue excavation (photo 45). Due to Government concerns
that the "break-out" power of the excavator might result in significant over

27



excavation, the Gontractorwas instructed to use the following criterion to
define "refusal". Once the bucket teeth scratched the rock surface without
loosening or removing large amounts of' material, but instead leaving
noticeable streak marks, then excavation would be discontinued. This method
of establishing a treatable foundation surface worked well except that the
average depth of excavation in the bottom of the core trench was approximately
7 feet below the es.timated depth shown on the contract plans. On the lower
abutment slope which the D8K dozer had initially excavated, the excavator was
able to remove an additional 1 to 2 feet of bedrock and was also able to work
the 5 foot section untouched during previous excavation attempts.

4.44 As the excavation approached stat:ion30+28, which was the original
estimated limit of Stage I bedrock excavation, the decision was made to
"chase" bedrock out to the point where it dropped below the eXisting average
base elevation of 1355. A maximum 5-foot deep exploratory trench was dug with
the excavator parallel to the dam axis between approximately stations 30+20
and 29+55 (see pl. 29). The trench exposed a somewhat undulating andesite
bedrock surface extending out to station 29+64 before dropping below invert
grade. Depressions in the bedrock surface were filled with a material
classified as a tuffaceous agglanerate.

4~45 Once the limits of bedrock excavation in the core trench had been
established, the remaining bedrock was exp~ed using a Case 680G backhoe
equipped with a scraper bar welded across the bucket teeth. However, it soon
became apparent that the existing core trench, due to the greater depth of
bedrock excavation was now 'too narrow to accODBDodate the full width of the
core and transition zones. : The decision was made to construct the dam
embankment as per. design so between stations 29+10 and 31+92 the core trench
was widened to accept the incr~ased width of the core zone plus the two 15
foot wide transition zones (see pl. 51) .. · The side slopes of the trench now
varied from 1V on 1H in rock to 1V on 1.5H in alluvium. In addition, the
transition fran top of bedrock (with a 4H to 1V slope) to the projected top Of

lthe base of transition was established at station 29+64 in lieu of station
30+28. The additional Stage I excavation, which required the removal of.
13 ,685 cubic yards of material to provide an acceptable bedrock foundation
within the core trench, was handled under Modification of Contract P00005 at a
total negotiated cost of $68,221. To avoid degradation of the cleaned
foundation surface, scrapers cut benches in the alluvial side slopes so the
excavator could set up and reach the base of the excavation and begin widening
the core trench (photo 46). The excavated material was loaded into end dumps
for eventual disposal in the miscellaneous fill area. The additional work
cOlllllenced around 3 January and was expeditiously completed by 5 January 1984.

Left AbubleDt/st!gp II Cere Trench

4.46 The excavation for the left (east) abutment ;;md Stage II core trench
cOIIIIlenced on 22 November 1983 and because of several long delays caused by
connicts with other construction activities or restrictions imposed by the
contract specifications, was not completed until 23 March 1984. The contract
plans called for approximately 5 feet of abutment excavation and about 3 feet
of core trench excavation. Prior to the start of excavation within the core
transition contact zone, the Contractor ftstrippedft the entire left abutment
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using a D9H dozer to a depth of approximately 1 to 2 feet. The purpose of
this excavation was to provide a fairly even uniform working surface within
the core-transition contact zone and to .remove objectionable materials, namely
loose rock and vegetation, within the pervious shell zones. Once this initial
stripping was completed, no further work was done on the left abutment until 5
January 1984 as the Contractor concentrated his efforts on the right abutment
and Stage I core trench excavations.

4.47 Before the Stage II excavation resumed, a meeting was held between
Government and Contractor representatives to discuss bedrock excavation
methods. The Contractor was reminded that heavy tracked equipment would not
be allowed on the foundation surface to preclude degradation of the highly
fractured and weathered granitic bedrock at invert grade. Mechanical
excavation by ripping would be limited to a depth of approximately 4 feet to
preclude damage to the underlying bedrock. The Contractor was also instructed
to exercise tight survey control during the progress of the work, so necessary
adjustments in the base width of the abutment or core trench excavations could
be made during excavation and not at the completion of the work.

4.48 ABUTMENT EXCAVATION. The Contractor elected to use both a dozer and the
235 excavator to excavate the left abutment. The dozer would initially rip
the upper ±4 feet of material in 15-foot sections within the core-transition
contact zone and then push the muck downslope to build a berm for the
excavator. The excavator would then set up and scrap off the remaining ±1
foot of material down to a treatable bedrock surface (photo 47). In this way,
heavy tracked equipment would not come in direct contact with the abutroent
surface. The criterion used for establishing "refusal" for the Stage I core
trench excavation was again followed. To expedite the first phase of the
Stage II excavation program, a scraper bar was welded across the excavator's
bucket teeth so that the remaining bedrock excavation and initial cleaning
could be accomplished concurrently, followed by more detailed air blasting.

4.49 CORE TRENCH EXCAVATION. Once the abutment excavation was completed,
bedrock excavation in the core trench between the left abutment and station
16+50 was accomplished using only the excavator. Due to an intensive effort
on the part of the Contractor, the first phase of Stage II excavation within
the core-transition contact zone, which commenced on 5 January 1984 was
completed by 13 January 1984. Station 16+50 was established as the
approximate limit of the initial excavation because: (1) beyond that point,
the bedrock surface appeared to drop off rather abruptly, which would have
required an extensive amount of alluvial excavation, and (2) since the Stage
II diversion levee had not yet been completed, taking the core trench
excavation progressively deeper would have posed problems from a safety
standpoint.

4.50 The excavator produced a fairly uniform level surface, except for
localized areas of irregular blocky bedrock on the left abutment, and a
tolerance for excavation which in most cases did not vary significantly, given
the nature of the bedrock, from that shown on the contract plans. Between
approximately stations 13+25 and 15+25, however, excavation in bedrock had to
be carried through to depths ranging from 6 to 14 feet to reach a suitable
foundation surface. In only one localized area did the excavator remove a
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large quantity of material witbouteverencountering sufficient resistance to
terminate e:Jtcavation. Upstream of station 15+00, a12 to 14-foot deep, 30 by
40-foot wide depressionwa... s. e.xc.. avated in soft, we.a..thered diorite and intruSiVj
rockbeforework·wa~halt~(s~pJ..· 47). An inspection of .the bedrock .
depression indicated tbat., tbebe<1rocksurtace would provide a suitable II

foundation and further excavation was discontinued •
I

4.51 Once the Stage I embanlanent fill placement was completed, allowing I
removal .of the Stage .I diversion levee concurrent with resumption of the StagrII diversion levee construction, Stage II excavation resumed on or about 1 I

March 1984. Removal otalluvialmaterials between stations 16+50 and 26+50
was accomplished using push dozers and scrapers (photo 48). When the top of
bedrock was encountered in the core trench excavation, scraper use was
discontinuedan<l the bedrooksurface fully exposed using up to 3 Case backhoe
equipped witbs.crap,~ bars in 1:ioeu of the excavator• A D9H dozer assisted th
scrapers during exeavationby ripping the cemented alluvial deposits above to
of rock to facilitate their removal. The dozer also trimmed the 1V on 1.5H
alluvial cut slopes to grade using a slopeboard and adjusted the basewirlth 0 I

the core trencb when necessary to confol"lll to the top of bedrock elevation.
However, all final slope and base width adjustments prior to embankment fill
placement were made using a large Drott tracked backhoe equipped with scraper
bar. Only minimal bedrock excavation was required west of station 17+50 to
remove weathered less competent rock and provide a suitable foundation for
grouting and foundation treatment. The·second phase of the Stage II
excavation revealed the following: (1) the bedrock surface did not maintain
the gentle gradient depicted on p:J.ates 5 and 46 of the contract plans, but
i,nstead exhibited a ratherabr\lpt l5...foot drop in elevation between stations
16+40 and 16+90; and (2) bedrock was exposed at invert grade (approximate
elevation, 1365 t'eet) between station 20+10, the original estimated limit of
bedrock excavation, and station 21+06. Most of the alluvium near the steep
bedrock slope was .excavated using a Caterpillar 966 front end loader because
the area was inaccessible by scraper (photo 48). The limits of Stage II
bedrock excavation were firmly established by digging several shallow
exploratory trenches with a Case backhoe parallel to the dam axis.

General

4.52 The bedrock foundation preparation and treatment consisted generally of
the following: (1) cleaning, (2) dental concrete, (3) grout slurry, and
(4 ) subsurface pressure ,grouting,. The purposes of bedrock surface preparation
and treatment within the core...transition contact zone of the dam and dike no.
1 emhankmentswere to: (1 ) seal all open joints and fractures in the core
zone rock to prevent the embankment materials from being piped into the rock
openings,and (2 ) prepare surfaces to achieve satisfactory contact with the
overlying COIIlpacted embankment .terials. The grouting was conducted
primarily to explore the subsurface foundation conditions and to create a
relatively impermeable zone under the core zone of the dam. The main
objectiva in the preparation and treatment of bedrock surfaces within the
outlet works and spillway where .structural concrete was placed was to insure
that an adequate bond was established between the concrete and rock
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foundation. The above foundation preparation and treatment was not required
for dike no. 2 and the pervious shell zones of the dam and dike no. 1
embankments because the coarse nature of the pervious shell materials would
preclude their piping into openings in the underlying bedrock.

4.53 Before surface treatment or placement of embankment materials or
structural concrete on any part of the bedrock foundation surface, such areas
required inspection and approval by the Government, primarily Engineering
Division, Geotechnical Branch personnel. Approval was done in sections, the
limits of which generally depended on such factors as the Contractor's
construction schedule and the effect of bedrock topography on the rate of
material placement. For example, extensive sections of the core trench could
be approved at one time because of the more rapid placement of embankment
material over the relatively flat bedrock surface. Foundation approval on the
steeper abutment slopes was generally restricted to approximately 10-foot
increments because of the slower rate of fill placement against the slopes.

4.54 Foundation treatment (dental concrete and/or grout slurry) was
accomplished just prior to embankment fill or structural concrete placement.
However, foundation preparation was required prior to the following
construction activities: (1) foundation drilling and grouting, and/or
foundation geologic mapping; (2) surface treatment; and (3) placement of
embankment materials or structural concrete. The same criteria for foundation
suitability were followed during each stage of construction. In general, the
specifications required that all loose rock and other unsuitable materials
(those deemed incompatible with the overlying fill or concrete) be removed
from all bedrock surfaces within the core-transition contact zone or upon
which concrete was to be placed. In addition, bedrock discontinuities such as
joints and fractures containing unsuitable infilling material were to be
cleaned to a depth of three times the structure width. Similar methods were
employed to achieve acceptable foundation surfaces. However, due to varying
or sometimes unique foundation conditions, changes were frequently necessary
to achieve the desired results.

4.55 For portions of the dam and dike no. 1 embankments founded on alluvial
materials, foundation preparation procedures were as follows. Upon completion
of the required excavation, the invert surface (including core trench and
exploration trench sidewalls) was inspected to insure compatibility of the
embankment material with the foundation materials. Sections were then
approved for fill placement by Government personnel. Prior to placement, each
section was scarified to a depth of 6 inches and compacted with 8 passes of a
50-ton articulating rubber tired roller.

4.56 Since foundation preparation was anticipated to be a lengthy, labor
intensive process, a separate bid item for this activity was included in the
contract bidding schedule. As originally planned, measurement of foundation
preparation was to be based solely on the number of man-hours required to
acceptably complete the work using hand methods only. However, it soon became
apparent that the use of certain mechanical equipment, particularly small
backhoes, to expose the bedrock surface during the initial stages of
foundation preparation helped facilitate subsequent cleaning using hand
methods and air blasting. Since the use of such equipment proved to be
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beneficial as well as advantageous to the foundation cleaning program, the
original estimated payment item quantity was modified to include those
equipment-hours (expressed in equivalent man-hours) required for foundation
preparation.

Right .lbutment/Core·Trench

4.57 Preliminary surface preparation of the right abutment during Stage I
construction activities was the most risky and time-consuming part of the
entire cleaning process. The potential hazards involved when working on a
steep,irregular and occasionally wet slope led to the adoption of several
extraordinary safety measures. All personnel working on the abutment were
required to be tied to ropes or "safety lines" (photo 49) due to the rather
precarious footholds. A man basket was stationed on the staging platform,
with sufficient rope to lower an injured person, should an accident occur, to
the bottom of the abutment. Laborers working in close proximity were
instructed to remain at the same level to avoid. the hazard of falling rocks.
In addition, the use ·of a 2-inch bull hose for high pressure air blasting
generally required two hose tenders instead of one to assist the nozzleman.
Despite the less than ideal working conditions on the right abutment, no
serious injuries resulted during this phase, or for that matter, any phase of
foundation preparation.

4.58 ABUTMENT - PRELIMINARY SURFACE PREPARATION. Once the abutment
excavation was completed, the Contractor cleaned the core-transition contact
zone using both high and low-pressure air blasting and hand labor (photo 50).
The abutment surface was initially given a rapid air cleaning to remOYe most
of the loose rubble generated from the abutment excavation (photo 51). Once
this was done, the foundation rock was subjected to several detailed cleanings
to prepare the surface for. grouting. In general, the laborers·worked from the
top of the abutment downslope to avoid contaminating preViously cleaned areas.
Since the andesite bedrock was highly fractured, blocky and ea~ily degradable,
characteristics which did not change significantly with depth'foundation
preparation had to be done carefully to avoid removing excess rock.
Therefore, certain procedures were established to maximize the effectiveness
of the detailed cleaning program. Each area was first cleaned thoroughly
using high-pressure air blasting. Then, additional loose rock fragments or
blocks, organics, and soft allUYial infilling material between the andesite
blocks were removed by hand and with rock picks. The laborers were instructed
to test the competency of any suspect rock by lightly tapping it with a rock
haJrmer before attempting to remove it. This was done to discourage the use of
the rock pick as a pry bar to dig out suitable rock. Once the detailed hand
labor was finished, each area was then re-blown with a smaller diameter
(approximately l-inch) low pressure air hose to avoid dislodging and loosening
up additional bedrock. Rock chipping guns were used for a limited period of
time to facilitate the remoYal of large rock blocks but their use was
discontinued when it 1;>ecame evident that the guns were doing more damage to
the rock foundation by propagating existing fractures and creating new ones.

4.59 CORE TRENCH - SURFACE PREPARATION. The Stage I core trench bottom was
. cleaned fairly rapidly utilizing up to two Case backhoes equipped with scraper
bars, shovels, rock picks, and high pressure air blasting. The pervasive



green clay fracture filling encountered in the core trench excavation
essentially reduced foundation preparation procedures to removing loose rock
and other objectionable materials from the bedrock surface. However, joints
and fractures were "raked" with rock picks as necessary to loosen dessicated
clay infilling material and expose competent material. Cleaning to a depth of
3 times the fracture width, as required by the contract specifications, was
not necessary since the clay had been determined to be suitable foundation
material. In general, surface preparation followed the same pattern as the
core trench excavation, progressing out toward station 29+64. The initial
cleanup was accomplished by mechanical eqUipment and hand labor (photo 52).
Most of the muck generated by the surface cleanup was carried by backhoe to a
front end loader for loading into a rock truck and eventual disposal in the
miscellaneous fill area. Any remaining surface material was subsequently
removed by air blasting. Once the preliminary cleanup of the core trench was
completed on 9 January 1984, foundation drilling and grouting operations
commenced the following day.

4.60 Foundation preparation of the Stage I core trench surface resumed on
6 February 1984, after conclusion of all required grouting and geologic
mapping activities. Only hand methods and air blasting were required during
this cleanup phase; mechanical equipment was not necessary. The purpose of
this cleanup was to prepare the bedrock surface for any foundation treatment
and subsequent embankment fill placement. In this regard, debris and waste
from the grouting operations, including drill cuttings, grout, and rock
loosened or damaged by the air track drill; and loose rock fragments, dried
clay infilling, and other unsuitable materials which had accumulated during
the month-long period of exposure were removed from the foundation surface
between stations 29+64 and 31+90.

4.61 CORE TRENCH - SURFACE TREATMENT. Surface treatment within the c~re zone
consisted of the placement of 270 cubic yards of low-slump, 1000-lb/in
minimum compressive strength dental concrete containing 3/4-inch maximum size
aggregate; and several cubic feet of grout slurry, mixed by hand in a ratio of
one part sand to one part cement. The dental concrete was placed in cleaned
and wetted large depressions and low areas to provide a more uniform surface
for material placement and compaction, and to protect areas of highly
fractured intact rock subject to possible damage from compaction equipment. A
truck mounted concrete pump with an extendable boom arm (photo 53) was used to
place the concrete, which was then consolidated by internal vibrating
equipment, with special emphasis placed along the rock contacts to insure
adequate bonding (photo 54). The surface was tamped where necessary to
eliminate any potential planes of weakness and to provide a somewhat rough
texture which would facilitate bonding with the core material. Only minimal
concrete was required on the abutment slope and the concrete placed was
contained by wooden forms. A curing compound was applied to the finished
concrete surfaces to reduce cracking. Because of the extensive amount of
dental concrete utilized (photo 55) and the presence of the green clay
infilling material, only minimal amounts of grout slurry were placed. The use
of grout slurry was restricted to the invert slope between stations 31+70 and
31+90 where residual soil rather than clay - infilling material was present.
The slurry mixture was placed by hand in fully cleaned and prewetted fractures
and voids between rock blocks which were inaccessible to compaction equipment
(photo 56).
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4.62 STAGE I FINAL CLEANUP. By 13 February 1984, the Stage I core trench
ready to reoeive embankment fill. Rock picks were used to chip off accidental
concrete spills from the foundation surfaces and to trim loose and thin layers
from the edges of dental concrete areas. The entire bottom·~ then reblown
with: a higp pressure air hose and wetted prior to material placement. The
final cleanup of the sloped portion of the core trench JiClS done in 5 to 10...
foot reaches, due to the slower rate of material placement against the steeper
slope and consequentlY, the longer period of bedrock exposure.

4.63 ABUTMENT ... STAGE III SURFACE PREPARATION. Foundation preparation and
treatment of the right abutment core-transition contact 2:one after the
completion of all grouting activi.ties was accolllplished during the Stage III
construction period between October and December 1984. Following the same
pro.cedures established during foundation preparation of the Stage I core
trench surface, the abutment surface was cleaned and treated in 8 sections,
each an average 11 feet in length with an average elevation difference of 13
feet. This all.owed the Contractor to work the abutlnentslope near the top of
the embankment fill without having to use safety lines (photo 57). Each
section was also wi.thin the placement reach of a crane hoisted concrete
bucket. Much more extensiVi!l and detailed cleaning was required during this
phase of foundation preparation before dental concrete,grout slurry, and
embankment materials could be placed. Besides removing loose rock fragments
and by-products of the drilling and grouting operations, numerous prominent
open joints with apert.ures ranging from approximately 1/4 to 2-1/2 inches had
to be cleaned to the specified depths to permit successful slurry grouting.
In addition, the detailed cleaning out of high...angle, Jumbled zones of
shattered rook and residual soil between coherent intact rock blocks created
10cali2:ed voids and cavities up to 4 feet (photo 58) deep which were
subsequently backfilled with dental concrete. Large, isolated protruding rock
blocks were removed by pry bar if it was felt adequate compaction against them
could not be achieved.

4.64 ABUTMENT ... SURFACE TREATMENT/FINAL CLEANUP. Surface treatment within
the core 2:one consisted of the placement of approximately 130 c.ubic yards of
dental concrete using a concrete bucket and crane and the hand apPlication of
about 100 cubic feet·ot grout slurry (photos 59 through 61) Bulkheads were
not constructed for concrete containment. Instead the water content of
concrete placed in shallow depressions was varied to allow the concrete to
stand on the steep slope and placement was done slowly and carefully to avoid
excess spillage onto sooth intact rock surfaces. Shovels and small grout
slurry "dams" were also frequentlY employed to buttress the concrete.
Precautions were taken during vibration to insure that an adequate contact was
developed between the rock-concrete interface and that the vibrating equipment
did not cause the concrete to move down the slope. Grout slurry application
was more extensive on the right abutment due to the greater number of open
fractures infilled with unsuitable materials. Only low pressure air blasting
was used during the final abutment cleanup to preclude disturbance of the
treated foundation surface.

JJ.65 The one consistent and mavoidable problem encountered during foundation
preparation and treabnent in progressive stages up the abutment slope was the
tendency for contamination o~ previously inspected and approved sections.



This required frequent re-cleanings of these areas if embankment placement did
not keep pace with the abutment work. Due to the critical nature of Stage III
construction, it was imperative that fill placement and abutment preparation
operations occurring simultaneously in a limited work area be conducted in
such a manner as to minimize delays. To prevent contamination of compacted
core material near the base of the abutment, the Contractor placed a
protective cover of loose core material on the ramped embankment surface.
Once additional core material was ready to be placed, the loose fill and
abutment debris was removed by backhoe.

Left Abutment/Core Trench

4.66 SURFACE PREPARATION. During excavation of the left abutment and Stage
II core trench to station 16+50, a Case backhoe equipped with a scraper bar
assisted the excavator in its initial cleaning effort (photo 62). Once the
foundation rock was partially exposed, laborers with low pressure air hoses
(photo 63) completed the preliminary cleanup by 13 January 1984, at which time
they directed their efforts to the outlet works conduit excavation.

4.67 After foundation drilling and grouting of this portion of the Stage II
excavation was completed, foundation preparation resumed on 28 February 1984
beginning at the top of the left abutment. Although actual foundation
treatment of the left abutment and core trench in the vicinity of the outlet
works was not done until several months later, detailed cleaning particularly
along the dam centerline was required for geologic mapping purposes. Most of
the residue from the drilling and grouting operations was removable by high
pressure air blasting. However, laborers also cleaned the bedrock surface by
hand and with shovels. The fairly uniform left abutment slope and the lack of
any prominent open joints in the granitic rock made foundation preparation a
rather quick and simple process. Two air cleanings of the partially completed
Stage II excavation were accomplished in approximately one week. No further
foundation cleanup was scheduled until just prior to surface treatment or
embankment placement because of the anticipated long period of exposure and
resultant continuing degradation of the bedrock surface.

4.68 Following completion of the remaining Stage II core trench excavation,
the Contractor was permitted to initially clean off a narrow 40 foot wide
strip along the dam centerline between stations 16+50 and 21+06 to expedite
drilling and grouting operations. Foundation preparation of the remainder of
the core zone, and transition zones was allowed to continue during drilling
and grouting provided it did not interfere with the subcontractor's progress.
Again, the preliminary clean-up was accomplished following the same sequence
established previously. Backhoes with scraper bars, assisted by laborers with
shovels, removed most of the unsuitable materials (photo 64), and subsequent
high pressure air blasting exposed a foundation surface suitable for grouting
and/or geologic mapping (photo 65). The muck generated from surface
preparation was disposed using the same techniques described for the Stage I
core trench cleanup. As the preparation of the core trench bottom progressed,
it became apparent that normal cleaning methods would not be satisfactory for
dislodging the cemented cobbles and boulders from the numerous bedrock scour
channels. Laborers using shovels and pry bars and backhoes without scraper
bars were necessary to perform this arduous and difficult task (photo 66). A
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narrow s.ingle ripping tooth attached to the curved portion of the backhoe
bucket was frequently used to clean out very narrow scour channels. Although
vehicular traffic over an exposed bedrock surface was generally restricted to
rubber-tiredequipment.only to protect th: integr~ty of the foundation, I

concerns over the quall.ty of the bedrock ~n local~zed areas· between stations I
16+00 and 16+90 required the use of a D9H dozer with slopeboard for correctiv€!
action. The dozer ripped several feet of the calichified granite cap near tha
upstream edge of the core trench excavation in the vicinity of station 16+40
(photo 67) and the slopeboard was used to flatten the steep bedrock slope to
approximately lV on lH and remove soft highly weathered rock in areas of the
slope not accessible to a backhoe or loader (photo 68). Additional excavation
of the calichified granite cap outside the ripped areas was subsequently done
with jackhammers. Surface preparation prior to foundation treatment consisted
mostly of low: pressure air blasting to remove any remaining loose rock and I

residue from the .grouting program. I

4.69 SURFACE TREATMENT/FINAL CLEANUP. Only dental concrete was required to I

satisfy foundation treatment requirements for the Stage II core zone. No I

grout slurry was necessary because of the tight or well healed nature of the I
bedrock discontinuities. A total of 538 cubic yards of dental concrete was
used, mostly on the left abutment (photo 69'. The concrete was placed in five I
reaches, the limits of which were dependent on the following interrelated
factors: (1) equipment access, (2) placement reach of the hoisting crane, (3)
fill placement schedule, and (4) foundation surface conf'iguration. In the
core trench, dental ooncret.eneeded to be placed in wider sections, due to the
more rapid rate of' embankment material placement over the relatively flat
foundation surface. On the·left abutment, however, the steeper slope grade,
the limited reach of the crane, and the slower rate of fill placement
necessitated dental concrete placement in much shorter sections, although not
as restrictive as those on the right abutment. Foundation treatment was
necessary to backfill large depressions in the bedrock surface, to protect
fractured, weathered bedrock from possible degradation during initial fill
placement and compaction, and to facilitate equipment placement and compaction
over the originally locally irregular foundation surface. Between the outlet
works and station 21+06, dental concrete was used mainly to backfill the
extensive network of" scour channels where adequate compaction would have been
difficult to obtain, thus leading to the possible development of seepage paths
through the embankment core (photos 70 and 71). The preconstruction test
trench downstream of the dam centerline between stations 16+00 and 16+50 also
required backfilling because of' its high vertical sidewalls (photo 72). A
sloping bulkhead was constructed at the open west end of the trench to contain
the concrete. Approved surface treatment procedures were again followed prior
to and during dental concrete placement. Each designated area was initially
cleaned with a low pressure air hose and then wetted. After the concrete was
placed, either by bucket or when possible, directly from the truck chute, it
was Vibrated, and the surface tamped. Prior to fill placement, the edges of
all concrete areas were trimmed of all loose or thin layers and the foundation
surface given one final blow down.
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Foundation Drilling and Grouting

4.70 GENERAL. As part of the dam foundation treatment, subsurface pressure
grouting was conducted along those portions of the core zone founded on
bedrock. The intent of the grouting program was twofold: to serve as an
extension of the design investigation to assure that no pervious zones or
voids crossed the foundation, and to improve the foundation by reducing the
permeability of the. rock mass to preclude piping of embankment materials
through open joints and fractures. Drilling and grouting operations commenced
on 10 January 1984 and were completed in a satisfactory and timely manner on
21 March 1984. Supervision and inspection of these operations were provided
by Corps of Engineers geologists. A total of 216 holes were drilled and
grouted along or near the dam centerline, forming a single line curtain
ranging in depth from 25 to 75 feet. The grout curtain extended from the top
of the left abutment across the bedrock portion of the core trench to the top
of the right abutment. The final cost of the grouting program was
approximately $170,000.

4.71 CONTRACT SPECIFICATIONS. The specifications for the foundation drilling
and grouting program were written utilizing information from the following
sources: (a) guide specification CE 1305.01, dated October 1959, (b) drilling
and grouting specifications from previous District construction projects, and
(c) available literature on grouting methods and equipment. Payment items,
estimated quantities and actual contract prices were as follows:

Mobilization/demobilization
Drilling exploratory grout holes
Drilling grout holes
Pipe for grout holes
Drill set-ups

(1) Grout holes
(2) Exploratory grout holes

Pressure testing
Grout pump connections
Placing grout

1 Job
350 LF

9,100 LF
500 LF

370 EA
4 EA

175 HR
375 EA

2,500 SACKS

$20,000
$ 25/LF
$ 8/LF
$ 5/LF

$ 25 EA
$ 50 EA
$ 60/HR
$ 50 EA
$ 20/SACK

4.72 The estimated quantities were determined from the proposed grouting
scheme shown on plate 45. It was decided a single-row, maximum 3-zone grout
curtain with a 10-foot primary hole spacing would be adequate for a flood
control dam without a positive cutoff. Each zone would be 25 feet in length
and the maximum number of zones required between certain elevations was
determined using 2/3 the height of the dam embankment core zone as a practical
guide. Therefore, grout hole depths would be 25 feet between elevations 1482
and 1440, 50 feet between elevations 1440 and 1400, and a maximum of 75 feet
below elevation 1400. In addition, it was anticipated that approximately 20
percent of the grout holes would require split-spacing and that grout takes
would average approximately 0.3 sacks per linear foot of hole. It was assumed
that the bedrock foundation, despite the fractured nature and variable
permeability of the rock mass, was relatively impermeable and would not accept
large quantities of grout due to the typical narrow separation between joint
surfaces and the widespread presence of infilling material along joint planes.
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4.!3 PREMOBILIZATION. The ?ontractor se~ected the W.G. Jaques Company of DJs
M01nes, Iowa to be the dril11ng and grout1ng subcontractor. Since the JaqueJ
Company had also performed the foundation grouting for the Adobe Dam project I
and was already familiar with similar contract specifications and general I

operating and reporting procedures, no major problems were anticipated or I
encountered prior to the start of mobilization. Correspondence between the
Corps of Engineers and the Jaques Company was initiated several months in I
advance of the expected mobilization in order to ensure a timely start and I

efficient operation of the grouting program and to avoid impacting the I

Contractor's accelerated construction schedule. Information regarding the
SUbcontractor's proposed drilling and grouting equipment, work schedUles,
wastewater control plan, and safety program. was requested. In their
submittal, Jaques anticipated using a combination of percussion and rotary
drills to accomplish the work. In addition, the grout plants could be
equipped with high-speed mixers to more effectively mix and stir the grout.
Jaques proposed an open-system wastewater control plan, stating the closed
system collection and disposal set-up (similar to the one used at Adobe Dam)
was neither practical, effective nor necessary in preventing defacement or
damage to the cleaned foundation surface. Under the open-system plan,
wastewater would be allowed to flow down the natural bedrock slope to a point
where it could be collected in a temporary sump. The wastewater could then b
pumped to a suitable disposal site. Any accumulation of large quantities of
solids in the sump could also be removed to a designated disposal area. The
submitted wastewater control plan was approved with the stipulation that all
precautions had to be taken to preclude any degradation of foundation surface
or contamination of embanlanent fills, and that any impact upon construction
activities due to wastewater or grout within the construction area would be a
the expense of the Contractor.

I
I

4.74 MOBILIZATION. Although a preliminary construction schedule had shown I

drilling and grouting operations possibly beginning as early as mid-November f
. 1983, the actual mobilization of Jaques Company personnel and equipment toth
site did not occur until 3 January 1984. The change in schedule was due in
part to delays in the west abutment and Stage I core trench excavations.
Jaques Company personnel consisted of a project manager, a project
superintendent, an assistant project superintendent, and a maximum of 7 local
laborers/drillers. The equipment consisted of 2 air track percussion drill
rigs, one Longyear 24 ro.tary drill rig, 2 grout plants, and all required
appurtenances. Before any work actually cOJIIDenced, a formal mutual
understanding meeting, attended by representatives of the project engineers
staff, the Geology Section, Sundt, and Jaques was held on 4 January 1984 to
discuss drilling and grouting work schedules and procedures, the wastewater
control plan, general safety requirements, applicable specifications, and
payment item recording procedures. In addition, an on-site hazard analysis
meeting was held on 10 January 1984 just prior to cOJIIDencement of work to
thoroughly review all applicable safety requirements and procedures,
particularly when working on the steep, irregular west abutment surface. I

4.75 DRILLING AND GROUTING EQUIPMENT. The drilling and grouting equipment ~
used to perform the work conformed to the contract specifications except for
those variations approved by the Project Geologist. The equipment \used can
s1lIIIIIarized as follOllS:
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a. Drills for grout holes. The subcontractor elected to use Ingersoll
Rand air track percussion drills equipped with 2-1/2-inch diameter diamond
plug bits to drill all the grout holes (photo 73). An air-water mixture was
used as a circulating medium to remove drill cuttings from the grout holes.
This equipment satisfied the contract specification requirements.

b. Drill for exploratory grout holes. A Longyear 24-Standard skid
mounted rotary core drill equipped with an NW double tube core barrel was used
to drill all the exploratory grout holes. Although the drill rig lacked some
features which would have expedited the exploratory coring, the rig and
accessory equipment were more than adequate to complete the work.

c. Grout Plants. Two Jaques over/under portable grout plants Model GP-16
were approved for use during all grouting operations. Each plant was equipped
with at least one 16 cubic foot mixing tub (although one plant had 2 mixing
tubs), an 18 cubic foot agitator (sump), and a Moyno 3 stage helical screw
progressive cavity pump. Air motors rated at 3 horse-power were used for
mechanical paddle mixing of the grout. Colloidal mixing, utilizing an
additional 9 horse-power air motor powering a minimum 1500 ~pm centrifugal
pump, was also attempted for a short time during the initial stage of grouting.
This method proved ineffective when grouting "high-take" holes since the
longer two-stage miXing process involVing both paddle and colloidal mixing
severely reduced the capability of the grout plant to deliver a continuous
supply of grout to the hole. The paddle-type mixer proved capable of
effectively mixing and stirring grout with various water-cement ratios.

d. Grout header. A direct grouting header (see fig. 8), essentially the
same as that specified on plate 45, was used during grouting (and pressure
testing) except that the header was connected to a downhole supply line and
not the grout pipe. The circuit grouting header specified was not required.

e. Accessory equipment. All accessory equipment and supplies, including
pressure gages, water meters, and cement conformed to the requirements of the
contract specifications.

4.76 DRILLING AND GROUTING PROCEDURES. Foundation drilling and grouting was
accomplished using the specified stage grouting method, which involved the
drilling and subsequent grouting of progressively deeper zones in stages.
Stage grouting procedures conformed to the contract specifications except
where variations were required or permitted. The typical procedures used are
described in the following paragraphs.

a. After excavation in a particular area had been completed, the full
widths of the core and transition zones were generally thoroughly cleaned to
allow concurrent grouting and geologic mapping activities. However, in some
instances, cleaning was concentrated in a 20 to 40-foot wide zone along the
dam centerline to expedite the grouting program.

b. Prior to any grout hole drilling, the core zone centerline was
established by survey. Stations were marked on 5-foot centers on each
abutment and on 10-foot centers in the core trench, with elevations recorded
for each station.
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c. Pr-imary grout hole locations were marked as planned with minor
adjustments as necessar-yto fit local geologic or topographic conditions.

h. If the permeability (K value) calculated from pressure test data for a
given zone was less than 0.1 feet per day, grouting of that portion of the
hole was deferred. Experience had shown that grout with a water-cement ratio
of 6: 1 could not be injected into holes meeting this criteria and WOuld, in
essence, just fill up the hole. The method to obtain permeability values is
explained in the Foundation Grouting SWllDarY notes in table 8. I

i. If pressure test data showed a calculated permeability of 0.1 feet perl
day or greater, grouting was begun using a thin mix of 6: 1,regardless of the I

suspected eventual take. Grout mixes were thickened incrementally, as
require.d, to. pre.cIUde pre.. mature stoppage. All grout Ml..ox.es cons.. isted of .water II

and Type II cement; no additives or sand were used. Grouting of clean holes
was accomplished using the packer grouting method in lieu ot' the direct
grouting method. Under this arrangement, the direct grouting header was I

oonnected to a downhole grout supply line with a pneumatic packer attachment I

capable of being se.t in the hole at the depth specified. For Zone I grouting, II

a packer setting near the top of the hole (normally at a depth of 2 feet
I

I

I



unless hole washout prevented the packer from seating properly) was used. For
Zone II and Zone III grouting, shallow packer settings were also used since it
was assumed that grout injection would occur in the zone being grouted and not
in any previously grouted or deferred zones. The circuit grouting header
suggested for use in caving holes was not required because hole caving was
never a significant problem.

j. Surface leaks were rarely a problem during grouting. Occurrences were
generally limited to the west abutment where wider, cleaner joints were more
prevalent. Leaks were commonly calked with oakum or quick setting mortar.

k. The maximum gage pressure used in grouting a particular zone was
usually the same as the maximum gage pressure used during water testing.
However, gage pressures were occasionally adjusted when grouting with thicker
mixes to account for the increased grout column pressures.

1. Generally, once grouting of a hole had begun, it was continued to
completion without any interruption. However, in two instances, grouting was
suspended until the following work day; once because of equipment breakdown,
and once due to the unavailability of a light plant for night work. In
several other cases, grout was allowed to circulate in the lines for short
periods of time to allow calking of surface leaks or because of temporary
conflicts with the prime-contractor's work schedule.

m. The grouting of any hole was not considered completed until that hole
refused to take any grout whatsoever at 3/4 the maximum gage pressure required
for the stage or when that hole took grout at the rate of 1 cubic foot or less
in 10 minutes measured over at least a 5-minute period at the maximum gage
pressure required for the stage.

n. Once grouting was completed, the hole was recapped and the grout was
required to set for a minimum period of 16 hours before the hole could be
deepened or drilling within 50 feet of the grouted hole could commence. In
lieu of washing out grout preparatory to drilling deeper stages, the sub
contractor elected to redrill at his own expense.

o. Split-spaced grout holes (secondary through quinary) were generally
not required unless grout takes exceeded 0.3 sacks per linear foot of hole or
7-1/2 sacks per 25 foot zone. Occasionally split-spacing was done, not
because of high grout takes, but to check the effectiveness of the grouting
program.

4.77 GROUTING SEQUENCE. The sequence of drilling and grouting specified for
sections in a grout area was generally adhered to except when construction
schedules or field conditions dictated otherwise. However, grout sections as
defined in the contract specifications were never formally established.
Instead, time and distance requirements outlined in other portions of the
specifications were used to establish 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 until at least 16 hours had
elapsed since grouting. In addition, all stage grouting work in a given zone
and reach had to be completed before work could start in the next underlying
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zone. Grouting was usually begun at the lower elevation of a reach,
particularly on the abutments, .to facilitate constructionofa more effective
grout curtain.

4.78 GROUTING LIMITS. A single-row grout curtain was formed along the dam
centerline from station 10+10 on the left abutment to station 21+01 in the
Stage II core trench and from station 29+69 in the Stage I 'core trench to
station 33+17 on the right abutment. Between stations 21+06 and 29+64,the
dam embanlanent was founded on alluviwn so grouting was not required. For
purposes .of discussion, ~he fou~dat~on grouting program .hasbeendivid.ed into I

twosechons; the wests~de, wh~ch ~ncludes the west (r~ght) abutment
(stations 31+90 to 33+27) and Stage I core trench (stations 29+64 to 31+90);1
and the east side,whichincludes the east (left) abutment (stations 10+00 tol
13+00) and Stage!I core trench (stations 13+00 to 21+06). Foundation i

conditions were different for each section. The·west side grouting was :
conduc.t.ed in mostly .h.ard' hig.hl.y fractu.. red, u.nw.eathered andesite bedrock Whil

1
.

the east side grouting was conducted in typically highly fractured and·sheare
granitic bedrock 'with variable hardness· and weathering characteristics. The
grouting program also included the drilling of 5 exploratory grout (core) :1

holes to check the effectiveness of the grouting and to obtain additional
information on SUbsurface conditions. Data for each.grout hole and exploratory
g.rout hole are SUlllll.arized ~.·n ta.ble8 and. are graphicall,yshownon .Plates. 34 '1
through 36. A comparison of average grout takes within zones of each section
is shown in table 7. I

4.79 PERCUSSION DRILLING. Despite Government reservations over the use of I
tracked drilling equipment on. exposed bedrock surfaces, the' Contractor was :
able to carefully and effectively maneuver the drills over the·sometimes
irregular foundation surfaces without severely damaging or degrading the
volcanic and granitic bedrock. On the right .abutment , the slope was too stee
for the drill to operate safely and effectively without assistance from a
winch cabl~ sy~tem (photo 74). Two pairs of .2-inch steel "tee" bars, set
approximately 5 feet intobedrock,were installed as anchors for the winch
cable arrangement. One pair of tee bars was located on the abutment staging
platform to provide anchorage on the upper half of the abutment and the other
pair was located at approximately Mid-slope to service the lower half of the
abutment. The arrangement of the winch cable was such that the winching of
the drill into place could be accomplished utilizing a primary cable
supplemented by a safety cable tie off.• Because of the potential slope
hazards, certain steps were taken to insure a greater degree of safety during
drilling and grouting operations. They included:

a. All personnel working on the slopes were required to use safety lines

b. When movi.ng between grout holes, the main section (mast) of the drill
was set in its lowest position for increased equipment stability.

c.During angle hole drilling, drill steel, cut in shorter 6-foot
lengths, was used for easier handling and to improve the stability of the
drill.
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d. The subcontractor was allowed to use smaller than specified 1-1/4-inch
circulation lines for easier handling on the steep slope.

Despite the potential problems involved in working on a steep, irregular
slope, Jaques completed the required work in a timely and efficient manner.

4.80 WEST SIDE GROUTING. Drilling and grouting operations on the west side
were conducted at two different times to avoid impacting the Contractor's
construction schedule and field operations. The core trench and lower portion
of the west abutment between stations 29+69 and 32+17.5 (hereinafter referred
to as Stage I grouting) was grouted between 10 January and 8 February 1984,
just prior to Stage I fill placement. The remaining portion of the west
abutment between stations 32+17.5 and 33+17 (hereinafter referred to as Stage
III grouting) was grouted between 29 February and 8 March 1984, after
completion of most Stage I construction activities.

4.81 Stage I grouting began after the preliminary cleanup of the abutment and
core trench surfaces had been completed. Work progressed from the base of the
core trench up the abutment slope to approximate elevation 1406. This
elevation, 13 feet above the top elevation of the Stage I fill and protective
cover, and 5 feet above the top elevation of the Stage II diversion levee, was
established as the upper limit of the initial grouting phase for the following
reasons: (1) the 13-foot buffer would provide sufficient overlap should
additional split-spacing be required during Stage III grouting, (2) no
additional Zone III grout holes would need to be drilled, and (3) any
degradation or contamination of the grouted abutment surface from subsequent
flood flows through the closure gap would not impact or delay Stage III
grouting activities.

4.82 Stage III grouting began after construction of the Stage I embankment
had reached elevation 1380 and the core zone covered by a 2-foot protective
cap of erosion resistant material to preclude contamination of the underlying
fill. Work resumed on the west abutment earlier than anticipated and prior to
completion of Stage I activities because delays in completing the Stage II
core trench excavation had caused Jaques to temporarily suspend operations on
the east side. All drilling and grouting was completed before the Stage I
diversion levee, which afforded protection to the Stage I work area, was
completely removed.

4.83 Primary grout holes on the west side were drilled on approximately
10-foot centers between stations 29+69 and 31+70. Between stations 31+70 and
33+17, the horizontally measured hole spacing was reduced from 10 feet to an
average of 7 feet to compensate for the steepness of the abutment slope. The
holes were located at or near the dam centerline depending on surface
conditions. A grout hole inclination of 30 degrees, measured from the
vertical and oriented toward the slope, parallel to the dam axis, was selected
to maximize intersection of the dominant joint patterns in the andesite
bedrock. However, based on a recommendation by SPD Geotechnical Branch, this
standard arrangement was changed for holes 29+70P and 29+80P to create a "fan"
pattern for the purposes of intercepting and grouting the sloping bedrock
under the alluvial portion of the core trench. Grout hole 29+70P was drilled
at an inclination of 25 degrees to the east while hole 29+80P was drilled
vertically.
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I4.84 Forty-one primary grout holes and 7 secondary grout holes were drilled I

to the full 25 foot depth of the first zone. A total of 96.7 sacks of grout
with water-cement ratios of 6:1 to 2:1 were injected with an average grout '
take of 0.08 sacks per linear foot of hole (see table 7). Calculated rock I
mass pe,rmeabilities ranged from 0.0 t,o 2.8 feet per, day Wit,h an,: ,average grout I
hole permeability of 0.5 feet per day. Due to the pervasiveness (both
laterally and ver~ically) of the highly plastic, non-disper~ive green clay I
fracture filling1.n the core trench, grouting was deferred 1.n18 of 23 primar~

holes drilled between stations 29+64 and 31+90. In fact, a Zone I I

permeability of 0 feet per day was calculated for the reach between stations
29+70 and 31+30 compared, to an av,erage rock mass, permeabilitY"OfO. 1 feet per I

day for the core trench as a whole. An average permeability of 1.0 feet per
day was calculated for the more permeable Zone I abutment rOCk, which was I

characterized by open, residual soil filled fractures and a greater I

susceptibility to surface leaks during pressure testing and grouting. The I

abutment also accepted a larger quantity of grout (94 sacks total), with takes
averaging close to 0.2 sacks per linear foot of hole. In comparison, only 2.~
sacks could be injected into 5 core trench holes, resulting in an average II

grout take of less than 0.01 sacks per linear foot. Grout takes on the I

abutment were not uniform, however, with two small reaches, between stations I
32+05 and 32+17 and between stations 32+30 and 32+37, aC,countin.g for nearly 9

J
O

percent of the total grout placed. In fact, nearly half of the total (40.7
sacks) ,was injected into hole 32+10P alone. Results of the grouting appear t
indicate that these high take areas respresent localized void or cavity
filling and not an extensive interconnected open fracture condition. Grout
injection rates tended to decline very sharply prior to absolute refusal and
grout takes in holes adjacent to the high take areas were nominal. Five
secondary holes were required to bracket primary holes 32+10P, 32+17Pand
32+30P in order to establish a more effective grout curtain to the first zone
depth. Two secondary holes, 32+793 and 32+863, were drilled to explore the
unusually tight foundation conditions of the upper abutment and to verify the
effectiveness of the grouting program.

4.85 Once the Zone I grouting in any specified are~had been completed
according to the criteria established in paragraph 4.76, Zone II grouting was
initiated. All first zone primary grout holes and one secondary grout hole
between stations 29+70 and 32+60 were deepened to the full 50-foot depth of
the second zone. Required Zone II secondary and tertiary holes were drilled
and grouted to full depth in one operation, not in stages, bec~use it was
assumed the upper zone had already been satisfactorily grouted. Results
obtained from grouting indicated a slightly less permeable intermediate zone,
with an average calculated permeability of 0.3 feet/day. The remarkable
consistency of the individual rock mass permeabilities, with a much narrower
range from 0.0 to 1.5 feet/day, contributed to the overall lower Zone II
average. Grout takes, however, were 2-1/2 times higher for Zone II. Grouting
was deferred for 11 holes (including all 4 tertiary holes) and 239.2 sacks of
6: 1 to 1: 1 grout were placed in the remaining 33 holes. The average take in
the grouted holes was 0.2 sacks per linear foot, including 0.3 sacks/ft. for
abutment holes and 0.2 sacks/ft. for core trench holes. Again, these figures
were not a true reflection of Zone II grouting as a whole. Over 60 percent of
the grout was placed in just 3 holes, 29+70P, 29+753 and 32+10P. The first 2
holes were part of the fan pattern drilled near the bedrock margin of the core
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trench and the possibility of grout traveling out into the more pervious
alluvium may account for the abnormally high grout takes (76.4 sacks total).
On the abutment, the highest grout take again occurred in hole 32+10P. A
total of 77.2 sacks, or 86 percent of the abutment total, were placed; an
amount about 30 times greater than that injected into any nearby Zone II
primary grout hole. Grouting was deferred for Zone II of secondary grout hole
32+05S and further split-spacing was considered unnecessary due to the tight
hole spacing on the abutment. Tertiary holes were drilled between stations
29+70 and 29+90, not only to bracket high-take secondary holes but to explore
those areas between adjacent holes, which, due to varying hole inclinations
necessary to create the fan pattern, exceeded the specified primary or split
spaced hole spacing at depth.

4.86 For Zone III grouting, a primary hole spacing based on 20-foot centers
was selected as a basis for design. In other words, alternate primary holes
would be drilled to 75 feet with the remaining primary holes considered
secondary holes and deepened as required. This was done to reduce the amount
of drilling footage by utilizing existing primary holes as secondary holes,
and to bring the grouting program costs more in line with the design intent of
the dam and existing foundation conditions. The third zone proved to be the
most permeable of the three zone grout curtain. An average rock mass
permeability of 0.4 ft/day was calculated for this 25 foot section, and 607.8
sacks of 6:1 to 1:1 grout were injected into 33 grout holes. This figure
represents an average take of 0.7 sacks per linear foot, or approximately
3-1/2 times the amount of grout placed in the overlying Zone II rock. For
purposes of analysis, the folloWing primary grout holes: 30+10P, 30+30P,
30+50P, 30+70P, 30+90P, 31+10P, 31+30P, 31+50P, 31+70P, 31+90P, and 32+00P,
were considered secondary holes due to the 20 foot primary hole spacing
established for Zone III. As a consequence, this necessitated the following
secondary holes: 30+15S, 30+65S, and 30+75S being considered tertiary holes in
the analysis of data. This was done in an attempt to normalize the grouting
data for comparison between hole series in Zone III or different zones as
shown in table 7. The wider primary hole spacing indicated that although
initial grout takes were high (averaging 37 sacks per hole), an effective
grout curtain could be constructed by split-spacing on 10-foot centers. In
effect, all original primary holes were deepened to the full 75 foot depth and
only the 3 "tertiary" holes were needed to seal off more pervious zones. Most
of the Zone III grouting was accomplished in the core trench with the right
abutment accounting for less than 10 percent of the total. Unlike the
previous zones grouted, high grout takes for primary holes were much more
common and evenly distributed. Seven holes took in excess of 50 sacks each
while overall, average grout takes of 1.6 sacks per linear foot of hole and
1.0 sacks per linear foot of hole were calculated for core trench and abutment
holes, respectively. However, grout takes declined drastically for split
spaced secondary through quaternary holes, indicating that the network of
open, cleaner fractures at depth was apparently localized and did not display
a high degree of lateral continuity. To tighten up the fan pattern at depth
between stations 29+70 and 29+90, 2 tertiary holes (29+82.5T and 29+87.5T) and
1 quaternary hole (29+78. 3Q l) were drilled; however, grouting of each hole was
deferred. The apparent increase in average grout take between Zone III
secondary and tertiary holes is very misleading. Only one grout hole,
29+78.5T, required grouting and the reason was its close proximity to the
bedrock/alluvium contact.
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4.87 Once all the required grouting was completed, two vertical NW-core
holes; 100C (station 31+28.5, 6 ft. upstream of centerline) and 101C (station
29+79, 5.5 ft. upstream of centerline), .were drilled to check the
effectiveness of the west side grouting program and to further explore the
subsurface geologic structure. See figures 3 and 4·· for the logs of
exploratory core holes 100C and 101C, respectively. Both holes were drilled
USing a Longyear-24 skid rig to depths of approximately 66 feet without any
circulation losses. Green clay infilling material was generally present
throu.g~out.t.he highlY.. fractured rock cores with the hea.viest concentration .. 1

occurr~ng ~n the upper 3 to 7 feet of Zone I, where rockmasspermeabilities
an.dgrout takes were th.e lowe·st. A com.P.o.site RQD (Rock Qu.a.lit.y..DeSignation) .1
of 25 percent attests to the highly fractured nature of the andesite bedrock.
Grout was not present along any joints or fractures above 48 feet in hole 101
and above 61 feet in hole 100C. Even when present, the grout did not
necessarily completely fill a. partiCUlar fracture; occasionally it was mixed I
with the clayey infilling material. Both holes accepted small quantities of I
grout (see table 8) but not amounts significant enough to require further I

exploration. I

4.88 EAST SIDE GROUTING •. prior. to starting grouting operations on the east I
side, the decision was made to delete all Zone III grouting with the exceptio~

of 2 explorat.ory holes. Wit.h the concurrence of SPD Geotechnical Branch, thil
action was taken for the following reasons:

a. The primary PUrpose of New River Dam is flood control; no recreation I
or conservation pool is planned. II

·b. The criteria used to determine grout hole depths are quite
conservative. A more realistic approach would be to use two-thirds the i

maximum reservoir height to the spillway crest elevation of 1456 to figure thJ
maximum grout curtain depth. This would result in a two z-onecurtain with a
bottom vertical depth of approximately 44 feet.

c. The standard project nood (SPF) up to spil:L.way crest elevation has an
estimated 400-yearfrequency of occurrenc.e. . I

d. The dam embankment is not founded on bedrock across the entire width 'I

of the valley. The central·portion is founded on more permeable alluvium with
a calculated average field penneability of 8 :ft/day. ,

I

e. Given the conservatlve design of the embankment and the· planned I

foundation treatment combined with the short duration nood pool, a maximum
grout curtain depth of 50 feet was considered more than adequate in providing I
underseepage protection.

4.89 Drilling and grouting operations on the eastside were conducted in two
phases because of the Contractor's construction schedule. The left abutment
and core trench from station 10+00 to station 16+05 was completely grouted
between 17 January and 24 February 1984, after the outlet works and initial
Stage II excavation had been completed. The remainder of the Stage II core
trench between stations 16+05 and 21+06 was grouted between 13 March and 21
March 1984, once the Stage I construction was completed and the Contractor
concentrated his e:f:forts on completing the Stage II excavation.
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4.90 The same drilling and grouting methodology employed on the west side was
followed on the east side. Primary grout holes were established on 10-foot
centers along the dam centerline or as close as permitted by the bedrock
relief. A grout hole inclination of 30 degrees, measured from the vertical
and oriented toward the abutment slope, was again selected to maximize
intersection of the dominant joint patterns in the granitic bedrock. The
drilling of grout holes in a fan pattern at the edge of the grout curtain to
intercept the sloping bedrock surface under the alluvial portion of the core
trench, as previously recommended by SPD Geotechnical Branch, was done at
station 21+00.

4.91 Despite the more extensive drilling and grouting program required for
the Stage II excavation, the work was accomplished in approximately the same
amount of time as the west side grouting. To maintain this consistency in
schedUling while at the same time doubling his efforts, the subcontractor
utilized up to two air-track drills and grout plants where practical. In
general, when grouting could be done concurrently in widely spaced sections,
particularly on either side of the outlet works conduit, two distinct and
separate operations were normally conducted because of the 200-foot length
restriction placed on grout delivery lines (from sump to header) by the
contract specifications, and problems with personnel and equipment access.

4.92 During Zone I grouting, a total of 109 primary grout holes were drilled
to the full depth of the first zone. In all but 3 instances, the specified
depth was 25 feet. To accomplish the near surface grouting of the dam
foundation underlying the outlet conduit before actual construction commenced,
holes 14+20P, 14+30P and 14+40P were drilled vertically to depths of 15, 30,
and 15 feet, respectively. Completion of the grout curtain at depth under the
conduit structure. and vicinity required a combination of vertical grout holes,
and inclined grout holes with a westerly bearing because of the 40-foot
interruption in the standard 300 E pattern. Grouting was deferred in 64 holes
and only 12 split-spaced holes were reqUired, with 8 of them located in the
reach between stations 16+05 and 16+35. A total of 208.5 sacks of grout with
water-cement ratios ranging from 6:1 to 2:1 (but rarely thicker than 6:1) were
placed during Zone I grouting, resulting in an average grout take of 0.07
sacks per linear foot of hole. However, this average grout take figure is not
representative of the first zone as a whole since approximately 60 percent of
the total grout was injected into only 5 holes (13+50P, 16+20P, 16+22.5T,
16+25S, and 16+30P). Grouting was deferred in the entire reach between
stations 18+70 and 21+06 and only 5.7 sacks were placed west of station
16+50. Calculated rock mass permeabilities for Zone I ranged from 0.0 to 2.9
feet per day with a weighted average of 0.4 feet per day. Exempting the 5
high-take grout holes, the average rock mass permeability declined to 0.3 feet
per day. Overall, differences in grout take between the abutment and core
trench were relatively minor; both areas accepted quantities of grout
averaging less than 0.1 sacks per foot. Only two localized permeable areas
were encountered in the upper 25 feet of the granitic bedrock and both were
located in the core trench. Two secondary holes were necessary to bracket
grout hole 13+50P which took 31.3 sacks of grout, while fourth order holes
were required to effect closure of the previously mentioned high take area
centered around station 16+22. What is interesting about this last area was
the unexpected increase in grout takes from primary through tertiary holes in
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a narrow 5-foot sectionhetweenstations 16+20 and 16+25. Primary grout hol
16+20Prequired 17.3 sacks to complete, while secondary hole 16+25Sand
'ter-ti,ar,y hole 16+22.5T .accepted 30. 1 and 33.2 sacks, respectively, at even l
thicker .mix ratios •before refusal. Only when quaternary holes·. 16+21. 3Q 1 and
1I16+23.BQl were drilled was .this area successfully grouted. The reason for
'this phenomenon is unknown but either extremely localizedsubs\lrface condit! DS

or undetected premature stoppage during grouting ,may be potential causes. !

4 . .' .... .' '.' ..1

p.... a.·;~~.. c..~.~~~o.::.~. t~~ne-.I ..~.lg.e..;=~:...:;ls.. {.:~~~•. :~~~. Z.~.i;f;=~~;:~.. ;:ea....de~,peni.nt..
of all,pr~ry,holes betweens't,at~ons 11+00 and 21+01, >w~ththeexcepbon of
outletcondultholes14+20Pthrough 1,4+40P, to a depthot: 50 feet • Required
split-spaced secondary through quinary holes were again drilled·and·grouted 0

full depth in one operation ,based on the assumption that the upper zone had
all"'ead.y .beensatisfactor:ilygrouted. A.nalysisof the:grouting •data indicate'
that, likeonthewestsi'de,theZone II bedrock was, <on ,the whole,more
pemea:ble .A1t'hou,gh •the same ;a'veragerockmass pernneabilityofO.4 feet pel'
daywascalculated,a larger quantity of grout was injected into this zone,
almost three times the amount placed in Zone T. Asa result, this I

necessitated a .greater degree ;of spli,t-spacing to satisfactorily construct t~e

grout curtain.GTout,ing ,was. defenred ·:f·or 51 primary holies and 1 secondary I
hole, and 493.8 sacks of 6: lto 1: 1 grout were pLaced in the remaining 49 ,
primary and 27split"'spaaed 'hol'es.Theavera:ge take in .the grouted holes wat
0.2 sacks per 1.inearfoot. The higher grout takes probably reflect more I

competent,lessweatbered,bedrockwithcleaner,moreopenfractures. Thes e
non"'uniformpatternofgrout injection characteristic of the Zone I holes wa
also evident for Zone II. However,thehightake areas encountered were
restricted to between stations 12+80 and 14+00, east of the outlet works and
below elevation 1370. An intensive <split-spacing effort, requiring:fifth
order or qUinaryholeswas'nece,-ssaryto ,ef'f.ectively grout two of these
locaUzedareas(seedetail "t'"on .plate 36}. Similar subsurface conditions
were encounteredduringpreconstruction geotechnical investi,gations neal' the
base of the lefta'butment.Noticeablewater losses during drilUngof core
holesDD-16,DD-19,DD-34, and ,DD-35, begantooccurbelowa:pproximately
elevation 1380. This ,possibl'e interconnected, permeable zone probably
corresponds to the high take area int.ercepted during the lower abutment I
grouting. The two major high taka areas -were not very extensive. The first I

area, between stations 12'+80 and 13+10neartheabutment-cor,e trench !

interfac,e, was grouted using a total of 196.6 sacks of 6: 1 to 1: 1 grout in l~
~~. :

!

4.94 .Despitean 'unexplained deviation from the theoretical. pattern of ~
decreased average grout tak.'.as during incremental .S,Plit-spacing , ,it was assum d
a satisfactory grout curtain had been placed prior to the drilling of
exploratory core hole 102C•. Split-spaced quinary grout holes (12+90. 6Q2 and I
12+91.9Q2),onapproximateO.5"'footcenters, were necessary to bracket j
abnormally high-take quaternary hole 12+.91.3Q1whichtookmore grout (43.1
sacks) than any other grout except primary hole 13+00P.However, despiteth
close hole spacing, a complete loss of circulation occurred at 38 feet I
(elevation, 1359 foot) in hole 102C (see fig. 5) and 57.1 sacks of 6: 1to 1: 1,
grout were required to establish refusal. Examination of the granite rock II

core revealed a general lack of grout filled fractures below a depth of 34 ,
I

I
,
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feet, and several highly fractured to shattered zones with scattered calcite
lined open joints between the depths of 38 and 40 feet. The apparent absence
of grout in the core near the bottom of the grout curtain may indicate the
intersection of a more permeable zone extending below the effective depth of
the grout curtain, or the lack of complete grout penetration.

4.95 Since it now appeared further grouting was required, the decision was
made to bracket the entire high take area with tertiary holes 12+87.5T and
13+02.5T. This action was taken because the close grout hole spacings made
further split-spacing almost impossible and an examination of the grouting
profile indicated that the water-loss zone in hole 102C apparently was near
hole 13+00P. Although, hole 13+02.5T could have been split-spaced, according
to the criteria set forth in paragraph 4.76, grouting was discontinued for the
following reasons: (1) an adequate investigatory program had been conducted;
and (2) in the case of those Zone II split-spaced grout holes which could be
drilled to full depth in one operation without being stage grouted, the 0.3
sack per linear foot limit was probably a little too rigid for such holes.
For the sake of simplicity, it was assumed that grout injection occurred only
within the lowermost zone being grouted and that the upper zone would not take
grout because adjacent holes had shown the area to be relatively tight.

4.96 The other major localized zone of high grout take was situated between
stations 13+35 and 13+55. In this reach, 180.2 sacks of 6:1 to 1-1/2:1 grout
were placed in 14 holes. An almost identical situation developed during the
exploration of this reach. Average grout takes increased progressively for
primary through tertiary holes and then dropped abruptly for the quaternary
holes. Again, despite this abnormal trend and the fact that one quaternary
hole (13+46. 3Q1) exceeded slightly the recommended minimum split-spacing
requirement of 7.5 sacks per zone, it was felt the grouting program had been
successfully completed. However, a 100 percent loss of circulation also
occurred in exploratory core hole 103C, at a depth (36 feet) and corresponding
elevation (1357 feet) consistent with that in hole 102C (see fig. 6).
Drilling was stopped at 38 feet and the hole stage grouted. A total of 73.2
sacks of 6:1 to 2:1 grout, a quantity far exceeding that placed in anyone
grout hole, were placed. The core hole was subsequently deepened to a depth
of 45 feet to further check the effectiveness of the grouting program. The
results were positive; no circulation losses were noted and pressure test data
indicated a tight zone. Unlike hole 102C, grout lined fractures were present
in the granite rock core to the bottom depth of hole 103C. However, it
appeared that the complete loss of drill water circulation occurred either in
a rubbly zone with several open voids or along open, apparently ungrouted
fractures. Since further grouting was indicated because of the subsurface
conditions encountered, quinary holes 13+45.6Q2 and 13+49.6Q2 were drilled to
bracket quaternary hole 13+46.3Q1' which took 8.3 sacks of grout. Even with
hole spacings as close as 0.5 feet, it was still possible to inject a total of
13.2 sacks into the foundation rock, including 9.0 sacks in hole 13+46. 9Q2
alone. However, further grouting was also deemed unnecessary for the reasons
stated in the preceding paragraph.

4.97 Grouting of the remainder of Zone II on the east side was fairly
routine. One other small high take area between stations 13+80 and 14+00 was
successfully grouted using just secondary holes. West of the outlet works the
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roundation was remarkably tight. AltboughseoondarybOle 16+358 was deepenel
to check on the possible deficient grouting of adjacent primary holes 16+30P
and 16+40P, no split-spacing was actually required. or the 63 primary holes
drilled, grouting was deferred in 44 holes and only 21 sacks of thin grout
were placed in the. remaining.19holes. The average grout. take for this 650
foot section was an extremely low 0.02 sacks per linear foot.

4.98 Two Zone III "explorat.ory" grout holes were drilled' for the purpose of
checking the foundation conditions below the established grout curtain
elevation of approximately 1340 feet. The rock mas's permeabilities calculat d
for holes 15+60Pand 19+10P were both less than 0.1 feet per day so grouting
of both holes was deferred. . As shown by the non~uniform grout takes
encountered throughout the foundation grouting program, these two grout hole
probably do not give a true representation of Zone III subsurface conditions
The presence of isolated high grout take areas in Zones I and II, and higher
rock mass permeabilities calculated for certain pressure test intervals in t e
deeper portions of preconstruction c.ore holes DD-14 thro~ DD... 16 indicate
that similiar foundation conditions would probably have been encountered .. had
the entire lowest zone been. grouted. The expected increase in rock competen
with depth would have probably contributed to an overall higher rock mass
permeability and average grout take for the Zone III rock.

4.99 The major high take areas encountered during east side grouting
operations were all situated in granite bedrock, according to the foundation
geology maps and/or e:x;ploratory core holes.. The unusual high takes evident On
Zone I between. stations 16+05 and 16+35 probably indicate a localized networ
of permeable fractures present in more competent subsurface rock. An
inspection of preconstruction test trench TT82-1, downstream of the grout
curtain, revealed numerous calcium carbonate. lined joints as well as seve.ral
prominent open joints in generally moderately hard and moderately weathered
bedrock (see pIs. 13 and 31). Exploratory core holes 102C and 103C, drilled
to investigate subsurface conditions in localized areas of the Zone II grout
curtain between stations 12+80 and 13+55, encountered moderately to highly
fractured and s.lightly to moderately weathered grml~tee A comparison with
core holes lODe and lOle drilled, in andesite bedrock revealed more direct
evidence of grout fill.ed fractures plus a higher composite RQD <36 percent)
for the east side exploratory holes. However, circulation losses, ranging
from 70 to 100 percent, were more evident during drilling, particularly in
hole 103C. It appears that even with the implementation of an extensive
single-line s.tage grouting program, voids and permeable fractures still I

existed in the foundation which required the additional injection of. I

approximately 130 sacks during core hole grouting, and almost 25 sacks durin~

supplemental foundation grouting. ·1

4.100 Exploratory core hole 104C, drilled to investigate the major shear zon
upstream of the grout curtain, revealed an approximate 30 foot cap of soft to
moderately hard, moderately we.athered to decomposed, sheared diorite overlyi
harder, less weathered sheared bedrock. Pressure testing indicated the 46-fo t
hole was very tight, with a calculated rock mass permeability of 0 feet per
day. These subsurface conditions, if prevalent throughout the shear zone,
would also create an effective natural barrier to underseepage extending down
to at least the bottom depth of the Zone II grout holes.
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4.101 GROUTING QUANTITIES. Records of quantities for foundation drilling and
grouting were kept and agreed to on a daily basis throughout the job so the
final totals could be easily and accurately tabulated. The estimated and
actual amounts were as follows:

a.
b.
c.

d.
e.

f.
g.
h.

Mobilization/demobilization
Drilling exploratory grout holes
Drilling grout holes
Redrilling grout holes
Pipe for grout holes
Drill set-ups

(1) Grout holes
(2) Exploratory grout holes

Pressure testing
Grout pump connections
Placing grout
Waste grout

Estimated
Quantity

1 Job
350 LF

9,100 LF

500 LF

370 EA
4 EA

175 HR
375 EA

2,500 sacks

Actual
Quantity

1 Job
266 LF

10,535 LF
25 LF
o LF

376 EA
5 EA

47.5 HR
213 EA

2,058.1 sacks
162.8 sacks

4.102 A comparison between the estimated versus actual quantities indicated
that overall foundation conditions were substantially as anticipated. In some
cases, a direct comparison could not be made without first normalizing the
design figures to reflect the elimination of Zone III grouting on the east
side. The analysis revealed the following: (1) the average grout take for
the entire job (see table 7) was approximately 0.2 sacks per linear foot of
hole, less than the 0.3 sacks per foot originally estimated; (2) primary grout
hole footage accounted for about 80 percent of the required footage drilled,
virtually the same as that estimated; (3) split-spaced grout holes and related
grout hole set-ups accounted for approximately 35 percent of the actual
totals, instead of the estimated 20 percent; and (4) the overage in actual
drilling footage was primarily due to the unanticipated extension of the
foundation grouting limits.

4.103 A review of the daily grouting quantity records for the job was made to
determine the effects of percussion drilling equipment on design estimates
regarding rates of drilling and grouting per shift. In general, it was
originally anticipated that two 8-hour shifts per day for a period of
approximately 4 months would be necessary to satisfactorily complete the
grouting program in a timely manner. This estimate was based on the
assumption that the subcontractor would use up to 3 slower production rotary
drill rigs and 1 t02 grout plants. The daily records indicated that the use
of percussion drilling techniques, in conjunction with overall lower grout
takes, contributed to the reduction in time necessary to complete the grouting
program. The work was efficiently accomplished in 57 single-shift days.
Employing usually one, but sometimes two, air-track drills, Jaques required
only 39 work days to complete the 10,535 linear feet of grout hole drilling.
This resulted in an average production rate of 270 feet (or approximately 11
single zone grout holes) per day. A total of 46 work days and 1 to 2 grout
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OatlK Works

plants were necessary in which to place the 2,058 sacks of grout. This
resulted in an average daily grout placement rate of 45 sacks. Usingthe
average calculated grout take of 0.2 sacks per foot, this meant 9 holes or
zones could be grouted to completion in one shift.

4.104 SUMMARY. An analysis of the grouting data presented in table 7
indicates that although subsurface geologic conditions were different on each
-side of the valley, the results of the east and west side grouting programs
were quite similar. The Zone I near surface rock on both sides proved to be

-relatively impermeable despite its highly fractured nature. The pervasive
clay infilling in the Stage I core trench helped contribute to an averageZon
I grout take in the andesite rock of 0.08 sacks per linear foot of hole. The
near surface zone of weathering CODIBon in -the basement complex rock was the
primary reason the upper-zone-averagedonly 0.07 sacks of grout per linear
foot of hole. The average grout take for Zone II rock on both sides,
approximately 0.2 sacks per foot, was much higher than for Zone I due to the
presence of cleaner, more open fractures with more significant lateral
extent. The same rationale could be used for the higher grout take calculate
for the Zone III andesite rock. Undoubtedly the Zone III granitic rock would
have also reflected an overall increase in permeability had the grouting of
this zone been carried to completion.

4.105 CONCLUSIONS. The grouting program at New River Dam was deemed
successful in view of the fact that its two stated objectives (see para. 4.70
were accomplished. However, judging from the low grout takes common in the
upper zone on both the east and west sides, grouting probably did not
significantly improve the foundation conditions which naturally existed,
except in localized high take areas. In the lower zones, the stage grouting
methods employed undoubtedly created a more impermeable barrier to unseepage.
However, it is possible, based on the non uniformity of grout takes, that
localized ungrouted permeable fractures may still exist at depth below the
foundation surface. Constructing a staggered, multiple row grQut curtain wit
an even tighter primary hole spacing would have reduced the likelihood of thi
occurring but the costs associated with such a program would have been out of
proportion with the primary function of the dam. In addition, such
alternatives were not considered necessary for a structure without a positive
cut-off'.

I
4.106 The outlet works for New Ri~er Dam, located a_pproximately 130 fee_t wesJtl
of the toe of' the left abutment, consists of the following features: (1) an
approach channel, trapezoidal in cross-section with side slopes of 1V on 2H
and a base width of 40 f'eet; (2) an open rectangular concrete intake structu ;
(3) a 433-f'oot long cut and cover rectangular concrete conduit, 6.25 f'eet wid
by 9.5 f'eet high; (4) an open rectangular concrete energy dissipator, which I
flairs out from 6.25 feet to 31 f'eet and drops approximately 17 feet in inver~

elevation, and which is surrounded by a grouted stone trapezoidal stilling
basin; and (5) an outlet channel, trapezoidal in cross section with side
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slopes of 1V on 2.5H and a base width decreasing from 31 feet to 14 feet,
which terminates in a trapezoidal grouted stone section with a grouted stone
cutoff. A portion of the approach channel is lined with grouted stone and the
outlet channel lined with both grouted stone and ungrouted stone for ~rosion

protection. The outlet conduit is capable of releasing up to 2665 ft Is when
the water surface is at spillway crest. The energy dissipator at the
downstream end of the conduit is designed to reduce the velocity of discharge
prior to entering the natural stream. The outlet works plan, profile, cross
sections and details are shown on plates 60 through 64.

GEOLOGY

4.107 The outlet works intake structure, conduit, and energy dissipator are
founded on bedrock of the Precambrian basement complex. The bottom of the
excavation for each of these concrete structures was mapped at a scale of 1
inch equals 10 feet. The foundation geology is presented on plates 37 through
39. The approach channel excavation was not mapped but is founded along most
of its length in granitic bedrock. The outlet channel excavation was also not
mapped but it founded in granitic bedrock between stations 14+91.5 and
approximately 1'3+60, and poorly- to well-cemented alluvial streambed deposits
(Qoal) downstream of station 13+60. Since the rock units exposed in the
outlet works excavation are part of the basement complex, a separate
discussion of individual rock units and geologic structure is not necessary.
Instead, the general foundation conditions for each concrete structure will be
described.

Intake Structure

4.108 The characteristics of the foundation bedrock in the intake structure
(pl. 37) excavation vary considerably (photo 75). The left side of the
excavation is mostly hard, competent granite while the right side of the
excavation is a combination of moderately soft to hard, slightly to moderately
weathered quartz diorite and soft to moderately soft, highly weathered
diorite. A prominent 2 to 2-1/2-foot wide shear zone, trending N550W and
dipping 250 SW and filled with highly weathered to decomposed granitic bedrock
and slickensided red clay gouge, extends from the toe of the slope on the left
side of the excavation at station 20+77 diagonally across the bottom to at
least station 21+25 on the right side of the approach channel. Approximately
1 to 2 feet of soft gouge and bedrock was excavated from the shear zone and
the depression backfilled with 1-1/2 cubic yards of excess structural concrete
from the conduit.

Conduit

4.109 The foundation bedrock in the outlet conduit trench (pIs. 37 and 38)
between stations 20+69 and 17+55 is composed of irregularly shaped masses of
granite, quartz diorite, and diorite which reflect the complex diversity of
the basement rocks. The bedrock is typically hard, slightly to moderately
weathered and moderately to highly fractured. Dikes of weathered, generally
shattered to brecciated intrusive igneous rock and thin shears and shear zones
which trend generally in a northeast direction, obliquely to perpendicular to
the conduit axis, and dip steeply downstream, frequently dissect the basement
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EXCAVAnOR'

4.111 The Contractor used both mechanical and blasting methods to excavate·
approxnnately 42,000 cUbic yards of material from the outlet works. .
Excavation of alluvium was generally done with scrapers while bedrock
excavation was accomplished by either ripping with dozers,sccraping with the
235 excavator, or blasting. Excavation for the intake structure and outlet
conduit was .performedusing a combination of ripping andscrapiqg while the
bedrock in the deeper energy dissipator and outlet channel excavations was
loosened by blasting. Blasting was performed without the benefit ofa
demonstration of the blasting technique to be utilized as required by the
contract specifications so the Contractor was solely responsible for producin
an acceptable end product. Final slope trimming in the approach channel and
outlet channel excavations was accomplished by either a dozer with a
slopeboard or a motorgrader. None of the excavated bedrock was considered
suitable for use on the project so it was hauled by scrapers and rock trucks
to the miscellaneous fill area for disposal. No significant foundation I[
problems were encountered which required additional Government directed .
excavation to be performed. The soft, weathered bedrock encountered at inverf
grade within portions of the energy dissipator and intake structure was I

considered adequate to serve as a foundation for the concrete structures. I

llecbani.cal. Excavation

4.112 Excavation for the outlet works concrete structures commenced on 12
January 1984 and was completed approxnnately 1 month later in February 1984.
A D9H dozer equipped with a double shank began ripping the outlet conduit
trench near station 20+40 once the Stage II core trench excavation had
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progressed past dam station 14+40, the approximate edge of the conduit
excavation. The work proceeded rapidly and smoothly although the Contractor
had difficulty ripping the hard granite in the downstream portion of the
conduit excavation. The Contractor's methodology for excavation was similar
to that employed for the left abutment. Ideally, the dozer would rip the
bedrock down to approximately 1 foot above "A" line and then to protect the
integrity of the foundation surface, the 235 excavator equipped with a scraper
bar would remove material down to invert grade (photo 18). This procedure
would have been completely successful if it were not for a grade check error
discovered after foundation preparation which required additional excavation
using the dozer. Localized high spots within the conduit trench, as well as
the entire width between stations 20+40 and 19+60 had to be removed down to
grade (photo 19). A sUbsequent grade check after foundation preparation
revealed only a few small high spots which were removed by jackhammer.
However, it now appeared the invert elevation of the conduit trench was now up
to approximately 1 foot below "B" line in numerous areas. Operation of the
heavy tracked dozer on the highly fractured foundation surface was probably
the primary contributor to overexcavation although removal of excess bedrock
during subsequent high pressure air cleaning may have also been a factor.

4.113 The excavation for the remaining upstream portion of the outlet conduit
and the intake structure was accomplished using the 235 excavator. Once the
rough excavation was complete, the more detailed work, which included the
wing-wall steps and upstream cut-off trench, was done using a small Case
backhoe, jackhammers, and a D8K dozer with a single tooth ripper (photo 80).
The contrasting foundation conditions encountered on both sides of the intake
structure required different methods to finish the excavation down to grade.
On the left (east) side, the Contractor had little success ripping the hard
competent granite in the cut-off wall excavation so jackhammers were used to
remove high spots above grade. In addition, jackhammers were also used on the
wing wall foundation when continued excavation with the small backhoe proved
ineffective. On the right (west) side, the softer, more weathered diorite was
extremely easy to excavate with the Case backhoe. In fact, the bottom step of
the 3-step tier designed to reduce the amount of bedrock excavation for the
wing wall foundation was eliminated to provide a more adequate foundation for
the concrete structure. The variable weathering and hardness characteristics
of the bedrock preclUded excavation of the intake structure cut-off trench and
adjacent approach channel area to the specified lines and grades. The typical
configuration of the trench excavation is shown on plate 64. The resultant
overexcavated area between the invert concrete slab and the approach channel
(photo 81), together with the upstream wingwall backfill areas, were
subsequently backfilled with 90 cubic yards of lean (dental) concrete (photo
82). The concrete was wrapped around the ends of both wingwalls to provide
additional erosion protection.

4.114 Mechanical methods were also used to excavate the approach channel and
downstream portion of the outlet channel. The granitic bedrock present in
most of the approach channel excavation, except in the immediate vicinity of
borrow area no. 3, was generally ripped down to grade. However, the entire
width of the channel between stations 22+50 and 24+10 required light blasting
for effective excavation. Shallow blast holes were drilled to an average
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depth of 5 feet on an approximately 6 x 7-foot pattern.
encountered in the outlet channel excavation downstream
portion of the channel was excavated using scrapers.

4.116 For shot no. 5, between stations 16+36 and 15+16, blast holes were
drilled about 6 inches below "A" line on 3 hole patterns (6 x 6, 6 x 7, and

.5 x 6 feet) due to the varying shape of the dissipator. Controlledb,lasting
techniques were not utilized within the buffer zones shown on plate 62. Hole
depths varied between 1...1!2 and 20 feet, depending on invert grade, and "soft"
rock zones enoountered 1n the bottom of numerous blast hOles were not logged
or deck loaded accordingly. These soft zones at invert grade, coupled with
the lack of adequate grade control, caused significant probleQlS during
exoavation, as the large tracked backhoe overexcavatedportions of the shot,
particularly on the slope, by as Qluch as 4 feet (photo 77>. Although it was
doubtful that blast effects damaged the rock below "B" line elevation, the
Contractor nonetheless drilled blast holes only to "Aft line for production
shot no. 6, between stations 15+04 and 14+20; and for production shot no. 7,
between stations 14+13 .and 13+64. In addition, each hole for shot no. 6 was
logged and all soft zones at invert grade delineated. During excavation, a
grade checker was present to insure that excavation with the excavator was
carried no deeper than DA" line. Blast holes for shot no. 6 were drilled to
depths ranging from 4 to 18 feet on the same 3 hole patterns utilized for shot
no. 5. Prior to excavation of shot no. 6, the remaining short section of
bedrock in the outlet channel excavation was blasted to allow both areas to be
excavated simultaneously. For shot no. 7, only 26 holes, on 7-foot centers,
were drilled to average depths of 7 feet.

I

Since bedrock was nOf
of station 13+60,thar

!Production Blast:i,.ng !

4.115 Sinoe the D9H dozer was having difficulty ripping the hard granite I

bedrOCk. in the outlet. condU.it tr.en.ch, t.h.e c.ontractor deCl.."ded..... l..t. WO.U.ld be Qlore

1
.

cost-effective to blast the similarly hard granite exposed by the excavator i
the energy dissipator area (photo 83). The Contractor elected to proceed
directly with production blasting without first demonstrating the blasting
technique to be utilized as. required by the contract specifications. The
Government approved their proposal with the understanding that any
overexcavation resulting from blasting WOUld be solely the Contractor's

.

.r.. e•. s. ponS.l..bill.."t.y..an.d. W.O.• Uld... be.. re.Place.d Wl..t.h...oo....• nc.rete. at no.... ad.di.t.... ion.al. o•..ost.. to. jthe Government. A "step-drilling" plan., similar to the one used effectively
in the spillway, was employed to blast the bedrock. Three production blasts
(nos. 5, 6 and 7) were required between station 16+36 in the energy dissipato
and station 13+64 in the outlet channel. According to the blasting summary il
table 6, a tota.lof 5.185.CUbiO .yardS of roc.k (app. rox~a.telY 12 perc.e.nt of the
total outlet works excavation) were blaste.d using 3387 pounds of ANFO
explosive. This resulted in an average powder factor of 0.65 pounds of . I

explosive per cubic yard of rock. I

I
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FOUNDATION PREPARATION AND TREATMENT

Surface Preparation

4.117 Only those portions of the bedrock foundation on which concrete
structures were to be placed required formal foundation preparation and
treatment. Within the conduit and intake structure excavations, a Case
backhoe equipped with a scraper bar was used to initially scrape off loose
material from the foundation surface (photo 84). This "cparse" cleaning was
followed by a more detailed "fine" cleaning using low pre'ssure air blasting,
shovels and hand picking. Cleaning of the low angle shear zone crossing the
upstream invert section of the intake structure was accomplished by removing
approximately 1 to 2 feet of clay gOuge and decomposed bedrock down to the
underlying hard, more competent granitic bedrock. This left a near vertical
bedrock face extending below grade on the downstream side of the shear zone,
against which dental concrete was placed to provide a more level foundation
surface.

4.118 In the energy dissipator excavation, it soon became apparent that
normal foundation preparation methods were causing continued degradation of
the bedrock surface, particularly in the bottom section. Both high and low
pressure air blasting were blowing away the soft, highly weathered granite
matrix surrounding the hard granite blocks, causing the blocks to work loose
(photo 85). The following procedures were subsequently established for
cleaning the dissipator bottom: (1) high pressure air blasting only and not
mechanical equipment would be used to quickly expose the bedrock surface in
areas not previously cleaned; (2) once bedrock was exposed, very low pressure
air would be used to lightly and quickly blowout all loose rubble to avoid
undue degradation; (3) all remaining loose material would be removed by hand
picking or using whisk brooms if necessary; and (4) cleaning should proceed in
a downstream direction to avoid repeated foot traffic over previously cleaned
areas.

SUrface Treatment

4.119 Once foundation preparation was completed in any particular section,
the foundation treatment required was in the form of dental concrete placed as
backfill in overexcavated areas. No grout slurry was required because the
joint structures were generally tight or well healed. Immediately prior to
concrete placement, any small pockets of loose rock were hand picked from the
bedrock surface and the surface wetted. In the outlet conduit trench, it was
necessary to replace the overexcavated areas with concrete as required in the
contract specifications. The Government assumed responsibility for payment
because pf the variable physical characteristics of the foundation bedrock.
The Contractor placed 82 cubic yards of dental concrete within the conduit
trench between stations 20+40 and 16+35. The concrete was placed only within
the limits of the conduit section; no concrete was required in the areas to be
backfilled with compacted transition material. Most of the concrete,
particularly in the reach between stations 20+40 and 19+90, and downstream of
station 17+95, was placed as a leveling slab to bring the conduit invert up to
"B" line elevation (photo 86). Localized depressions were also backfilled to
create a level invert surface. Outside the limits of the core trench
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excavation, the concete was placed directly from the truck chute. Within th
core trench excavation, a,crane and hoist bucket were used due to the lack 01

e,',qUiPment ac,ces,s,' t,o 't,he CO,nd,uit excavat,ion". A,fter, placement, the concrete 1,s
vibrated and then screed to a uniform "Btl line elevation in the leveling ala
arE7as. In the energy dissipator, the Contractor assumed responsibility for
placing dental ooncrete in overexcavated areas, including the entire invert I

slope, to bring the foundation back up to design grade (pho,to 87).1 1
Approximately 183 cubic yards of concrete were placed, using a·' conorete' buck t
and crane. .

Final Cleanl§> I

4.120 Once any required foundation treatment was completed, wooden bulkheads
for the various conorete structures were constructed. Following installation
of the invert section reinforcing steel, the bedrock or concrete surfaces wer
given a final cleaning prior to wetting and placement of structural concrete.
Most of the cleaning could be accomplished simply by low pressure air blasti
through the steel mats directed toward the backfill areas (photo 88).
However, in the bottom section of' the energy dissipator, where construction
activities had resulted in additional significant degradation of the bedrock
surface, air blasting alone was not sufficient to remove loose rock and other
debris from the irregular depression-filled bedrock surface. Laborers had to
crawl underneath and between the steel mats and hand pick loose rubble and
rock blocks from the floor of the trench (photo 89). The work was difficult
but was accomplished in asatlsfactory manner. It was virtually impossible,
given the foundation conditions and difficult access, to remove all loose
material from certain bedrock depressions. However, since most of the areas
in question were below "B" line elevation, it was felt the small amount of
tmsuitable material in localized areas would not adversely affect the
integrity of the invert slab.

CDllCRETE PUC

4.121 Between January and March 1984, the outlet works conduit was under
construction. However, due to the extended water curing program for the
conduit con~rete, which was initiated to enable the concrete to attain the
4000 lbs/in • compressive strength criteria established in the contract
specifications, placement of the lean-mix plug was delayed until 25 April
1984. The purpose of the plug was to preclude differential settlement and
cracking of the core zone over the conduit, as well as to inhibit seepage
along the exterior of the box. The concrete plug was not constructed as
designed due to the greater depth of excavation in the adjacent core trench
(photo 90). Between outlet works stations 18+03 and 18+80, the limits of the
plug; the elevation difference between the core trench excavation and the
outlet excavation ranged from approximately 0.5 feet to 6.5 feet, with the

. average differenoe being about 2.5 feet. This was much less than the typical
6 feet shown on plate 62 of the contract drawings. Instead of being confined
within the limits of the conduit trench, the plug, as constructed, extended
from the top of the conduit on a 1V on lH slope out over the core trench
surface (pl. 62); to approximately dam station 14+12 on the east side and dam
station 14+46 on the west side. A total of about 485 cubic yards of concrete
were placed.
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4.122 In preparation for concrete placement, the conduit surface within the
area of the plug was sandblasted to remove the curing compound and to make the
concrete suitable for bonding with the lean-mix plug. The bedrock surfaces
within the limits of the plug were then air cleaned and handpicked of all
loose rock and foreign matter. Since the configuration of the concrete plug
was different than originally anticipated, contact grouting along the outlet
conduit trench walls was not considered appropriate because the elevation
differences between the floor of the core trench and the floor of the conduit
trench were so minimal. Instead a 2-foot wide by 4-inch high grout ~lurry cap
was placed on prewetted bedrock along the embankment centerline between the
conduit and side walls of the trench. Approximately 5.3 cubic feet of grout
consisting of 1 part sand to one part cement was mixed by hand and placed
using the crane bucket. It was hoped the slurry cap would act as a waterstop
and inhibit seepage along the rock-slurry contact. To insure a good bond
between the grout cap and concrete plug, the remaining bedrock was wetted and
concrete placement commenced before the grout slurry had a chance to
completely dry.

4.123 The Contractor elected to place the concrete plug without the benefit
of bulkheads for containment. To minimize placement problems, the water
content of the concrete was frequently varied to allow placement on a 1V on 1H
slope. A high slump concrete was generally placed at the rock contact to
allow better penetration into the rock, while a lower slump concrete was
generally placed on the slope to allow the uncontained mass to remain stable.
On the east side of the conduit, concrete placement was accomplished strictly
with the concrete bucket and crane (photo 91), while on the west side, the
concrete was placed either using the bucket or directly from the truck chute.
Placement on the west side was much easier to control due to slower rate of
placement from the chute and the more level bedrock surface. On the east
side, there was a tendency initially for the concrete dumped from the bucket
to flow past the limits of the plug onto bedrock surfaces not acceptably
cleaned. To consolidate and insure bonding, the concrete was vibrated in
place with special emphasis along the conduit and the contact with the
fOundation. The upper portion of the plug was constructed slightly steeper
than 1V on 1H to eliminate the feather edges at the contact with the top of
the conduit (photo 92). After concrete placement was completed (photo 93),
the Contractor was instructed to remove all excess and loose concrete along
the base of the plug and to trim back all "feather" edges.

anmuIT BACKFn.L

4.124 The remainder of the outlet conduit trench was backfilled with
transition materials. The floor and side walls of the trench were cleaned
using shovels, a Case backhoe and low pressure air blasting before any
materials were placed. Transition materials were placed in 4-inch loose lifts
and compacted with a small double-drum vibratory roller or hand held power
tampers. The materials were placed using a front-end loader and spread using
shovels to the desired lift thickness to avoid having any plus 3-inch rock
come in contact with the conduit. Before each lift was placed, the preceding
lift was scarified by a small lawn tractor equipped with a rake.
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4.125 The .same foundation cleaning and material placement procedures were
used rortheenergy dissipator andlntake structure backfill areas. However,
the excavation between the wing walls and the approach channel.sideslopes was
'ba'Ckfill.edwith lean concrete for erosion protection.

I
4. '126 After the outlet works was completed" subsequent inspections by I

Eng,in.e,erln,g DiV"lsian perso.nn,el .. 'i,n.di.c,ated t,he need ,for., .grou.ted. s.tonew.:o,rk, ,W.ithi~the approach channel to prevent :future ,erosion and to provideadditi.onal.
structural integrity of the intake .structure. The work wasaccamplishedunde
Modification ofContractP00009atatotalnegotiatedcost 01'$24,,779.. The I

change included ,t.heplacementof an 18-inch thick section of grouted .stone t
from about stati:.on.2l+00 ;to station21+30,with a 36-inoh ,grouted stone cuto
',at. ,st,atia.n21+30. Toefr,ec.. ti..•·.v:ely ,stabilize thea,pproa,ch ()IIannE,l,both 1;he .•
.Ohannelfioor andsldesl'Gpes"ineludlqg the 10-foot wide berm above the lower
sideslope on the left .(,east);side, ,were covered (see pl. GO and photo 9). .

;4. 127 The spill~y.forNewRlverDamisexcavatedinbedr,ock through a
natural topographic saddle approximately 700 feet northwest of the right
abutment Gfthedam (photolO). Itwastlesignedto retain the SPFwhile
providi:ng acontr.olled ,diseharge ofthePMF. The spillway, in

3
conJunction

withtheoutletworks,will pass .apeak discharge of 33"OOOft /s with 5.6
feet of .freeboard. The spillway is trapezoidal incross-section, with lower I
side slopes ,of 1VonO.5Hand upper side ,slopesofW on 1H,separatedby
horizontal benches 12 teet wide 'at a height of 30 feet above inv.ert. Acres
el.evationof1456.2feetwasestabllshed .fartheconeretesill at station
17+50. A ,80-root ;maximum cut ,and excavation of approximately 100,000 cubic
yards !of ,mat,er,iar ,was required ,to ,reaehinvertelevatian. Tbespillway,is
approximately 1325reet'inlength with ,an average base width ,01'75 feet.
Irregularities in the natural ,rock ,sl.opesresUltedinvaried bottom and bene
widths • Determination of original side slope angles was based uponexperienJe
in similar rock. However, duringexcavatian, the upper 1Von 0.75H .side
slopes were flattened to 1Van 111 .due tosatety considerations. The benches
were des$gnedto ;reduc.ethevelocity ,of sur,face runoff down the slopesandt
catchsl'Opetalus betoreit r,eachedthebottam.Thespill:wa:y is unlined
except for the control sec,tionatstation17+50, which is stabilized by a
concrete slllacross the bottan .and npthe side .slo.pes tothebeneh. The
spill.wayp1an,profile, andeross sectIons are shown on plates 58 and .59.

4.128 . The geologic conditions encountered at the spillway were essentially
the same as those antieipatedfrom the pre-construction investigations.
However, close examination of the spillway excavation and detailed
petrographic analyses of selected rock samples resUlted in an expanded and
somewhat revised rockclassiflication sCheme and a reinterpretation of the
geologic structure of t.he .spillway area. The various lithologic units are
described separately followed by a discussion of the geologic structure.
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Lithologic Units

4.129 Both walls of the spillway excavation were mapped at a scale of 1 inch
equals 15 feet. However, only the geology of the north (right) wall (plates
40 through 42), which is representative of the south (left) wall, is included
in this report. The floor of the excavation was never thoroughly cleaned so
it was not mapped. For mapping purposes, the layered volcanic sequence
exposed in the spillway excavation was divided into 3 major units: (1) tuff,
(2) flow breccia, and (3) andesite. The tuff unit was further subdivided into
4 members based on macroscopic structural and textural characteristics
supplemented by detailed petrographic work. The tuff unit is composed of an
upper ash-fall member, intermediate ash-flow and ash-fall members, and a lower
or basal ash-fall member. The names for the different lithologic units were
taken from rock classifications derived from petrographic analyses. The rock
unit originally identified as tuffaceous sandstone on plates 2, 19, 20, and 22
of the contract drawings was subsequently re-classified as an ash-fall tuff.
However, the sandstone exposed in the test trenches (see pl. 19) downstream of
the spillway excavation can probably still be classified as a deposit of some
ancient sedimentary environment and not a product of a volcanic episode. All
of the volcanic rocks in the spillway were also assigned a Tertiary age based
on information from Eberly and Stanley (1978).

4.130 TUFF. Apparently the youngest, although topographically the lowest,
rock unit in the spi11wat is the approximately 70-foot thick tuff sequence,
near the downstream end of the spillway excavation between stations 12+30 and
13+05. The tuff unit was probably formed by the accumulation of layers of
pyroclastic material derived from a series of explosive volcanic eruptions.
Four tuff members were identified in the excavation and are described
separately as follows.

a. Tvt 1• The upper, least exposed and farthest downstream member of the
tuff sequence was classified as an ash-fall tuff (Tvt 1). It is a crudely to
well stratified assemblage of well sorted fine to coarse grained ash consisting
of dark purple to red glass and andesite fragments, pink devitrified pumice
fragments and minor phenocrysts of feldspar and quartz. The exposed rock
tends to be moderately soft to moderately hard and moderately to highly
weathered. An air-fall origin for this rock can be implied due to the we11
sorted nature of the deposit. In addition, the texture indicates this member
has not undergone compaction and welding as have the other members.

b. Tvt2• Following in sequence is a very small exposure of mottled
salmon-pink to gray, moderately hard and slightly to moderately weathered
1api11i ash-flow tuff (Tvt2). This member consists of coarse ash (1/4 mm to 4
mm) and 1api11i-size (4 mm to 21 mm) glass fragments, altered devitrified
pumice fragments and rounded andesitic rock fragments in a finer grained ash
matrix of similar composition but also including quartz, feldspar, and minor
mafic minerals. Only slight welding of the component particles is evident. A
flow origin for this rock is suggested by the following evidence: (1) the
unsorted nature of the deposit, and (2) the heterogeneous nature of the
1api11i fragments and ashy matrix.
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c. Tvta• FollOWing the ash flow tuff' is another layer of ash-fall tuff
(Tvt3). ThIs member, light purple in color, moderately hard to hard and
generally unweathered, is a crudely stra.tified assemblage0f fine to medium
grained devitrified pumice fragments,subangular to rounded volcanic glass
fragments, and quartz and feldspar phenocrysts, with minor amounts of volcan c
rock fragments and mafic minerals. Welding of the component particles is
slight tomoderate,as indicated by the presence of dark gray to black
elongated layers of pumice fragments interbedded with layers of pinkish to
purple less consolidated pumice fragments. The crude stratif:i;cation is the
result of the degree of welding and the grain size of the pumice fragments.

d. Tvt". The lower,but stratigraphically highest, member of the tuff
sequence represents a moderately welded ash-fall tuff (Tvt4)' consisting of
welded pumice fragments w1..th subordinate obsidian glass fragments and
phenoerysts of feldspar, mafic minerals, and minor quartz. The tuff is l1gh
purple to purplish-red in color, hard, generally unweathered and well
stratified due to the moderate degree of welding. Welding has also resulted
in the rock taking on the appearance of a compact glass orvitrophyre.

4.131 FLOW BRECCIA. The approximately 20-foot thick flow breccia (Tvfb)
unit,exposed in the spillway excavation between stations· 13+05 and 13+35,
represent a strongly fragmented flow which underwent extreme brecciation at
the time of emplacement. The rock is reddish-brown in color and consists of
angular to subrounded fragments and blocks of highlyvesicularandesite and I

basalt rock up to 2-foot diameter in a reddish cindery matrix. There is no ~

preferred orient.ation of the rock fragments or blocks or welding of the matI'· x
material. secondary mineralization within the rock has occurred, With zaoli·e
deposits filling numerous vesicles. The upper 1 to 7 feet of the present 1
surface of the flOW. is soft, .friable and h~ghly weathered while the rema.. inde
of the exposed flow tends to be hard, maSS1ve and moderately weathered. A
thin layer of flow breccia, the near surface of which is mixed with soil, ~

slope wash and caliche, also caps the andesite bedrock on the upstream side f
the spillway between stations 18+90 and 19+50 and locally infilis open joint
in the bedrock. This flow is probably con.temporaneous with the downstream J
breccia unit. The composition of the flows appear to be similar although th I
color of the upstream flow tends to be more subdued due to weathering effects.

4.132 ANDESITE. Upstream of station 13+35, the bulk of the spillway
excavation was in andesite (Tva) rock similar to that exposed in the right
abutment and Stage I core trench excavations. Since the composition of the
two flows are the same, the detailed rock description for the dam foundation
andesite is applicable to the spillway andesite. Although topographically t
highest rock unit, the andesite is apparently the oldest rock unit present i1
the spillway excavation. The. rock is characteristica11y medium to dark gray
in c010r, hard, blocky to platy, highly jointed, and unweathered. The upper .1
to 4 feet of the andesite near the flow breccia contacts is brownish-purple ~o

mottled purple-maroon-gray in color, more vesicular, slightly to moderately I
weathered, and locally brecciated andrehealed. These distinct color changes

r

·

may be related to different concentrations of minerals in the rock mass,
secondary weathering,_ or possible reheating by the flow breccia unit. The r

andesite required both mechanical and blasting techniques for effective I

excavation. The typically highly fractured, loosely keyed upper part of the I

I

I

I



block flow was rippable with a D9H dozer while the remainder was blasted
because the more irregular joint spacings produced locally more massive,
resistant outcrops which could not be effectively removed by mechanical means.
The soft, friable flow breccia was easily ripped while the moderately to
highly fractured tuff and massive flow breccia required blasting for effective
excavation.

4.133 ALLUVIUM. Downstream of station 12+50, the spillway excavation is
predominantly in alluvium (Qoal), consisting of residual soil and andesite
slopewash with an underlying 1 to 3 foot thick zone of well indurated caliche
cemented rock fragments on top of tuff bedrock. The alluvial cover in the
remainder of the spillway is generally thin (usually less than 1 foot thick)
and sporadic and includes colluvial deposits, consisting of loose, desert
varnished andesite blocks and rubble locally capping the mountains in the
saddle area.

Geologic Structure

4.134 The spillway excavation consists of a layered volcanic sequence of
probable Tertiary-age which strikes approximately N500w and dips approximately
300 NE (photo 94). Petrographic evidence appears to indicate the contacts
between the various rock units have become oversteepened, possibly the result
of uplift and tilting during the period of Basin and Range tectonism, and that
the exposed rock actually represents an inverted sequence. This assumption is
based on the fact that the tuff sequence shows a general trend from a poorly
compacted and welded deposit (Tvt 1) to a well compacted and stratified,
moderately welded, glassy deposit (Tvt4)' Since welding is often caused by
the high temperature of the tuff on deposition, in conjunction with the weight
of the overlying material, it appears the welded ash-fall tuff which lies
above the other tuff members was actually the first in a series of pyroclastic
deposits.

4.135 The flow breccia, as noted before, may represent a strongly fragmented
flow which underwent extreme brecciation at the time of emplacement. It may
also represent the leading edge or the upper surface of a highly viscous
andesite flow. The geologic log of drill hole DD-37 on plate 22 appears to
indicate a major gradational change from unaltered gray andesite through
mottled, altered partially brecciated and rehealed andesite to massive,
scoriaceous flow breccia.

4.136 The viscous nature of the andesite flow probably resulted in the lava
developing a strongly jointed and platy to blocky structure (photo 95). The
joint structures are typically well developed, open, closely to moderately
spaced (1 to 12 inches), and arranged in subparallel to wedge-shaped patterns.
A secondary sinusoidal pattern of steeply-dipping joints is also present, most
notably in the core of the excavation between stations 17+00 and 18+00 (plate
40). Like the andesite rock underlying the dam embankment, the joint
orientations are quite varied, although strong patterns are recognizable in
localized areas of the excavation (see pIs. 41 and 42, and photo 96). A
stereonet plot of joint attitudes measured in the spillway excavation revealed
only 1 broad joint system with an average strike of N850 E and an average dip
of 80oNW. However, within this system, joint orientations ranged from N80Ow,
550 SW to N450 E, 40oNW.

63



4.137 The' joint surfaces are ~nerally planar to arcuate, smooth,and
normally clean. Infilling material, consisting of calcium c.arbonate., and
OQcasii,onal rehealed brecc:ia, along w:itb. m:inor black ox:ide ata:in:ing, :is
freq:uently present. Howev:er, j<>1.nt planes in a near surface "zone of
weathering",. which ex;tends down to'amax;imum depth of, about 15 feet in the
sa.ddle area, are predominantly soil stained or soil infilled. .The
characteristically open joints" as well, as joint planes adversely oriented
toward the excavation, have caused locally unstable canditions to develop in
the rock mass, resulting' in fre~ent rockfalls and bench widths narrower than
the specified 12 feet in some areas. The flow layering which trends N400w an
dips 300 NE, and gives the andesite a noticeably platy character when distinct,
generally parallels the rock·contacts.•

4•. 138: N~: £a1:1lts; Wefe: notedl inc the~ andesite block,. flow... Howe¥er,. one small
normal fault.,. s,trik:hng. NS<'>wi and d1pping 650SW" was found: to have caused a
~foot:. d:isp'1aceDleftt: be1iwe.en tuff members: Tvt3 and Tvt4 at approximately
station 12+70:., This;, fault ma~· have been, the result of displacement relat.ed t
volcanism, or t.O· later· te.e.tonisllt.

EXCAVATllOlt

4.139 Since the,C'ontract'ol"p'lanned on using some of the excavated spillway
material during construction, he began: 'ex;cavation soon after mobilizing to th
s1te. EXcavat.ion; eommena.ed on 24 o.ctober· 198:3, and continued~ sporadically
until December 1984, witathe: ueeessity for material. usa~ generallydictatin
the need· for· excavation. The; Contractor· removed approximately 100,000 cubic
yards of mat.eria,l using a c.ombinatt.on of' ripping and blasting techniques. Th
Contractor's selection' at· the most suitable excavation technique at a
particular time depende.d om: UJ the nature of the rock to be excavated,
(2) the availability' of equipment, C3J the end-product use of the ex;cavated
material, and' (If) the 10g1sti.cs. None of the exca,vated: material was
c.onsidered' strlitabili.e· for U5e:as, stioneprotection or in critical. areas of the
dam or· dike. 1 embankment r1l1s;, the· flow breccia· and.t.u,ff, because of its
variab'J:e. phys·i.cal chM'acteristic& and; small quantity ava±1abl.,e, and the
an,'deSi.:t:e"beca",·,use.;. Of.'. i.ts pot;en... >t".ial t;ound'e,·I"go e,xtensx,-.ve bf",e.akd,own,.., P,os,Sibl,y dut'
to thermal expansion and oontraeti.on. However, the Cant.ractor was permitted
to use the andesite as landscape stone,. as slope protection for the diversion
levees, and' in the downstream pervious' shell zone of the dam embankment. I

4.140, The contract specifications relating to the s.pillway' excavati.on were I'

written to yie,l<f the, best pos:sibl,e.. end-produe:t given, a,. certain, set of field
conditions and ehe, Contractor's; natural tendency: to use' the most cost-
effect!.ve, althOUgh possibly: unstdtable (from the GOvernment's standpoint,)
ex;cava,tion techrdques. In: this regard, buffer zones were specified adjacent.
to. the final. slope; lines and above the· spillway invert., Within these buffer
zoneS:,.approved; controlled blasting techniques or mechanical excavation
techniques were required t.o produce, relatively· smooth and sound rO.ck faces at
the final excavation lines and' to prevent· damage to the rock outside the
prescribed limits of excavation. Because of the Government's concern over ttl
possible negative effects of the excavation methods utilized on the highly
fractured rock mass, the Contractor conduc.ted 5 demonstrati.ons of proposed
blas,ting techniques, and, methods of grade control to: obtain results
satisfactory to the Government. All pertinent data from these demonstration
shots as well as production shots are tabulated in table 6.
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llecbaniaal EmavatiOll

4.141 To effect equipment access to the spillway prior to the start of
excavation, the Contractor pioneered an access road from the miscellaneous
fill area to the saddle area via the upstream flank of the mountain. The
Contractor elected to begin excavation in the saddle area by ripping, using a
D9H dozer equipped with a double shank and slopeboard (photo 97). He was
instructed to remain outside the buffer zones, and only after a satisfactory
demonstration of slope grade control had been made with the slopeboard could
excavation within the buffer zones proceed. After the excavation had
progressed to a maximum depth of 10 feet (approximate elevation, 1521 feet),
concerns were expressed by Contractor and Government construction personnel
about the stability of the 1V on 0.75H design side slopes from a safety
standpoint. They felt rockfalls would pose an increased safety hazard as the
excavation progressed and strongly recommended flattening the side slopes to
reduce the sloughing problem. It was eventually decided that the most
economical and practical solution to the sloughing problem would be to change
the upper side slopes from 1V on 0.75H to 1V on 1H. Any additional trimming
would only lead to excessive encroachment into the adjacent hillsides. Future
concerns over the stability of a 1V on 1H slope could be handled by the
installation of wire mesh screening to control sloughing. Once an acceptable
demonstration of slope grade control was made, the Contractor was permitted to
extend his excavation into the buffer zones and subsequently to the final
excavation lines. By early November 1983, the spillway had been completely
excavated down to a maximum depth of 20 feet in the saddle area (approximate
elevation, 1511 feet). Rock outcrops resistant to mechanical excavation were
encountered on the south side of the spillway so the Contractor proposed to
implement a blasting program to complete the remaining excavation above the
bench.

Presplit Demonstrations

4.142 The Contractor's original blasting plan consisted of establishing
7-foot wide benches below the eXisting 1V on 1H side slopes and then
presplitting on 1V on 0.75H slopes down to bench grade. He felt that
presplitting on a 1V on 1H slope would be extremely difficult and would not
produce suitable results. However, since Government construction personnel
again expressed concerns over a steeper slope on the north side of the
excavation, the Contractor was permitted to continue mechanical excavation on
this side only after a determination was made that an asymmetrical spillway
above the bench would not impact the design requirements.

4.143 The Contractor initially proposed to demonstrate only one presplit
(controlled) blasting technique (blast no. 4) in an area containing "hard rock
humps" of altered andesite and flow breccia which the dozer was having
difficulty ripping. This location, between stations 18+70 and 18+82, was
actually below bench grade. The plan called for drilling presplit holes on
3-foot centers along a 1V on 0.5H slope line perpendicular to the spillway
centerline together with 2 rows of vertical reliever holes on a staggered 6 x
7-foot pattern. The presplit holes would be loaded with Atlas 40 percent
Kleen Kut presplit powder and the burden holes with ANFO. The Government felt
that thts test area would not be representative of the bulk of the spillway
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excavation,and requested that the Contractor also demonstratepresplitting
under more "normal" conditions: on a 1V on 0.75H slope in the highly
fractured andesite above the bench and parallel to the spillway centerline.
The Contractor agreed to a second presplit demonstration (blast no .4a) ,
was situated in thE:} saddle area between stations 17+25 and 17+43, on the
side of the excavation about 25 feet from the toe of the eXisting slope. In
this test area, the same blast hole spacing and explosi.ves WQuld be used,
except that the 3 rows of reliever holes were not drilled ona staggered
pattern.

4.144 Both demonstration blasts occurred on 18 November 1983.and neither
produced acceptable results. In both test areas it was apparent that the·
blast just shat~ered the rock around eachpresplit hole and did not initiate a
presplitsurface along the excavation line. Numerous large rock blocks
remained virtually unaffected by the blast and still protruded into the
excavation. The failure to produceaoontinuous craok between adjacent
prespIit holes probably allowed the ANFO-loaded reliever holes to loosen and
otherwise damage the highly fractured rock at and beyond thepresplit face.
It was concluded that the presplitting technique as conducted was not suitable
for use in the andesite bedrock. The presence of numerous open fractures
probably dissipated the explosive energy from the blast. In addition, the
presplit hole spacing.mayhave been too wide for the small (2-1/2-inch) hole
diameter. However, the biggest factors preventing successful presplitting
probably were the variable joint orientations and the irregular joint spacings
in the generally highly fraotured rock mass.

4.145 After the two unsuccessfulpresplit demonstrations,nofurther test
blasts were conducted until February 1984. However, by continued ripping and
scraping, the Contractor was able to lower the bottom elevation of the
spillway excavation in the saddle area to 1503 feet.

Step-Drilling mastipg»-onstration

4.146 In February 1984, the Contractor proposed completing the remaining
excavation above the bench on a 1V on 1B slope utilizing a Dstep-drilling"
blasting technique in lieu of presplitting (see fig. 9). The plan involved
drilling offset vertical slope holes to a depth of about 1 foot above the
final excavation line and vertical production holes down to the bench
elevation on an8x 8~footpattern. Each hoie would be loaded with iNFO and a
millisecond delay patterI;1 used. The intent of using delays was to protect the
slopes by producirig a "free-faceD in the middle of the excavation to which the
explosive gases and muck could heave to. In addition, the maximum amount of
explosive detonated at one time would be reduced. During excavation, r~nal

grade trimming would. be accomplished using a dozer slopeboard. The, ~hird. "
demonstration blas.t (blast no. 8) occtirredon 9 February ,1984 between s~atioHs
17+00 and 17+48, approximately 61 feet from the toe of the existing south
wall. AlthOUgh nota controlled blasting tecbniqueper se, the step-drilling
plan did produce acceptable results so it was approved by the Government ror

'. use as an alternative to presplitting. The blast did not produce any
Qverbreakin the highly fractured andesite rock mass but in fact generally
lert a 1 to 2-foot buffer in front of the excavation line which was then
removed to grade with the slopeboard.
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Upper Spillway Production Blasting

4.147 Only 1 production shot (blast no. 9), on 8 March 1984, was necessary to
reach the approximate bench elevation of 1486 feet (photo 98). Using the
approved blasting plan shown in figure 9, 27,217 cubic yards of rock were
blasted between stations 15+00 and 18+00 using 21,550 pounds of ANFO and
minimum 25 millisecond delays. This worked out to an average powder factor
(PF) of 0.79 pounds of explosive per cubic yard of rock.

Step-Drill/Trim Blast Demonstrations

4.148 Once the excavation was completed down to the bench level, the
Contractor had to once again demonstrate controlled blasting techniques on a
1V on 0.5H slope. Their proposal was similar to the unacceptable presplit
techniques demonstrated earlier. Presplit holes were again drilled on 3-foot
centers but the reliever and production holes were spaced on a Wider 8 x 8
foot pattern. The presplit holes were loaded with Atlas 52 percent Kleen Kut
powder while the remaining holes were loaded with ANFO. The results of the
presplit demonstration (blast no. 10) on 19 June 1984 again proved
unsatisfactory so the Contractor next proposed conducting two demonstrations
in one. Two blasting techniques would be utilized; a step-drilling plan,
similar to the approved blasting plan used above the bench, on the north side
of the test area, and a trim blast plan on the south side of the test area.
Both plans included production holes on an 8 x 8-foot pattern and slope holes
on a 6 x 8-foot pattern. However, the trim blast plan also included a row of
slope line holes drilled on 4-foot centers. Unlike presplitting, the trim
line holes and slope holes would be shot last, after the main round had been
fired. All vertical holes would be loaded with ANFO While the trim line holes
would be loaded with Kleen Kut powder. The test area (blast no. 11), between
stations 15+77 and 16+25, was shot on 27 June 1984. Due to the limited work
area, both slopes were fully exposed using a Caterpillar 245 excavator and
each technique evaluated. It was determined that, despite the rough slope
trimming with the large backhoe, which resulted in occasional localized
deviations from slope lines and grades, the trim blast produced satisfactory
results under diverse geologic conditions (i.e., non-uniform joint
orientations and spacings) and was therefore an acceptable controlled blasting
technique to use. During production blasting, however, the Contractor would
continue to use the slopeboard for tighter grade control.

Lower Spillway Production Blasting

4.149 The trim blast plan (see fig. 10), although approved for production
blasting below the bench, was not acceptable for blasting of the four-foot
horizontal buffer zone above the spillway invert or excavation of the spillway
sill section. According to the contract specifications, blasting of the
horizontal buffer zone was to be accomplished by either a tight 3 x 2 1/2-foot
vertical hole pattern or other approved alternative spacing and blasting
techniques, provided they were first demonstrated in an area above the buffer
zone. However, a misunderstanding arose following approval of the trim blast
plan. The Contractor assumed he could demonstrate removal of the actual
buffer zone using a production shot incorporating the approved trim blast plan
(blast no. 12) as an alternative technique. As a result, production holes on
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an 8 x 8-foot pattern were drilled down to invert elevation (contrary to the
specifications) .and on 16 July 1984, the entire area between stations 18+00
and 19+10 was shot without Government approval. During a subsequent meeting
between Contractor and Government representatives, the Contractor was allowed
to continue production blasting but only above the horizontal buffer zone and
could not remove the buffer zone before adequately demonstrating his ability
to do so.

4.150 Using the typical configuration of the approved blast plan shown in
figure 10, the Contractor blasted the remaining rock above the buffer zone
between stations 13+25 and 18+00 using only two production shots (blast nos.
13 and 14 on 21 August and 21 August 19:84, respectively). According to the
blasting summary in table 6, 41,427.cubic yards of rock were blasted using
30,600 pounds of explosives and up to 12 delays. This resulted in an average
PF of 0.74. Production ho,le patterns varied rrom 6 x$-feet between stations
13+25 and 14+00 to 9 x 9-reet between stations 14+00 and 18+00. The
production blasting left an approximate a-foot horizontal buffer zone
remaining above the spillway invert downstream of station 18+00.

Horizontal Burrer Zone Blasting

4.151 Instead of proposing an invert demonstration Shot, the Contractor agai
wanted to utilize resmts of the. 3 p.revious production shots, which were
drilled. on a variety of hole. patterns. The Contractor felt production
blasting techniques woul4 be a suitable alternative to the time consuming,
closely spaced hole pattern specified. The Government took the position that
the Contractor's proposed alternative methods to demonstrat.e removal of the
4-foot horizontal buffer zone might not provide the control necessary to
preclude overbreak and produce competent rock faces within the speciried
9-inch tolerance limits at the final excavation lines. However, the
G()vernment .agreed to evaluate the so-called "invert demonstration shots"
provided a section within each blast area was thorOUghly cleaned or all loose
rock, and survey controls established so that the effectiveness of the
excavat.ion technique inmain·taining grade -control and controlling overbreak
could be made. I

4.152 Using a Case backhoe and laborers with shovels, an approximate 25 x I

25-foot area between stations 16+75 and 17+00 near the spillway centerline waf
excavated and cleaned. A grade checker then measured elevations at various I

locatio.ns within the Cleanedaf'.ea. .The sUbseq.uent. evaluati..on. confirmed the I
Government's position. The wide 8 x a-foot production hole pattern and
variations in hole depth and hole angle resulted in numerous high spots in I

blocky, less fractured andesite rock and localized overexcavated areas in
highly fractured to Shattered rock (photo 99). The detailed inspection I

indicated that a wide blast hole pattern would not produce a foundation I

surrace which would fall within the 9-inch tolerance limits speciried ror the I
. t Il.nver • i

I
4.153 The other two hole patterns were not evaluated for the following
reasons: (1) the 6 x 6-foot pattern was demonstrated in an area composed of
flow breccia and tuff bedrock which is not representative of the. bulk of the
spillway excavation; and (2) since the 8 x 8-foot pattern produced I
unacceptable results, the wider 9 x 9-foot pattern llOuld also be unacceptablej
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4.154 The Contractor then proposed to remove the buffer zone using a 6 x 6
foot hole pattern with 1 foot of subdrilling. He felt a demonstration of his
blasting methodology might impact the start of Stage III construction
activities. The Government's response was that the Contractor would assume
all responsibilities and costs for producing an acceptable invert surface
within the tolerance limits specified. The remaining spillway excavation
(exclusive of the sill) between stations 12+50 and 18+00 required two shots,
blast nos. 15 and 16, on 17 September and 3 October 1984, respectively. A
total of 10,868 cubic yards of rock was blasted using 7250 pounds of ANFO.
This resulted in an average PF of 0.67. The blasting technique utilized was
similar to the step-drilling plan utilized above the spillway bench. Trim
line holes were not drilled put were offset 3 to 4 feet from the toe of the
existing slope and drilled vertically due to Contractor concerns over possible
ravelling and sloughing of the side slopes. Blast no. 16 was required to
break up unexpected hard, resistant outcrops of tuff and flow breccia
encountered during dozer excavation downstream of shot no. 15.

Rock.Hauling

4.155 The muck generated by either ripping or blasting was removed from the
spillway area using several methods. The type of method used was usually
dependent on: (1) the availability of equipment, (2) site conditions, (3)
end-product use of the excavated material, and (4) width of the cut. During
the initial stages of mechanical excavation, the D9 dozer just pushed the muck
over the steep front slope of the spillway in order to build up a ramp
suitable for scraper traffic. Once an acceptable ramp was established,
Caterpillar 651B scrapers began hauling rock to the miscellaneous fill area or
to the Stage I diversion levee for use as slope protection (photo 100).
Scraper use continued until the spillway excavation was down to bench grade.
Rock from production blast no. 9, which was not wasted, was used for slope
protection on the Stage II diversion levee and also for the Stage I embankment
protective cover. The scrapers were very efficient in removing material but
required a wider cut and free access in both directions to operate effectively.
The spillway rock below the bench was removed using Terex rock trucks fed by a
Caterpillar 992 front end loader (photo 101). This method proved the most
suitable because: (1) access to the spillway was restricted to the upstream
haul road only, (2) the increasingly narrower cut restricted equipment
movement, and (3) it allowed removal of muck at a steep face created during
"full-face" excavation of production shots from the upstream to the downstream
end of the spillway. The shot-rock produced by blasting below the bench was
either hauled to the miscellaneous fill area for disposal, or used in the
downstream pervious shell zone of the dam embankment or as landscape stone.

4.156 In October 1984, the spillway excavation was completed down to invert
grade and only the sill excavation and construction remained.

SPn.LWAY Sn.L

4.157 The spillway is unlined except for a narrow concrete sill section at
station 17+50. The main purpose of the sill is to provide a hydraulically
controlled channel section for the PMF by protecting the integrity of the
spillway crest invert elevation of 1456.2 feet. As originally designed, the
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width

Excavation

sill was to be trapezoidal in cross section ,extending across the full
of the spillway floor and.upboth side slopes to the bench elevation.
Although the maximum·water surface for the PMF is 1481.1, the sill was
extended up to the bench to avoid potential problems during excavation of thel
andesite bedrock (photo 102).

I

4.158 Work on the sill section did not begin until late November 1984, as
Contractor concentrated on completing the dam embankment closure section. Th
Contractor did not drill and shoot the sill excavation as shown on plate 59 0

the contract drawings. Instead he used a Gradall equipped with a hydraulic
ram attachment to break up the rock, and a Case backhoe to excavate the broke
rock (photo 103). A grade checker constantly monitored the progress of the
excavation to insure that the sill was excavated as closely as possible to th
specified lines and grades. Given the diverse geologic conditions, this
method of excavation proved fairly successful in limiting severe overbreak in
the andesite rock mass (photo 104). Deviations from neat line were
unavoidable due to the irregularly spaced,plockyjoint structures and, t
particularly on the side slopes, adversely oriented joint structures. The en
result was an overall wider and somewhat deeper excavation which required
approximately 2-1/2 times the amount of concrete estimated (photo 105).

~m I

4.159 The spillway sill was constructed as closely as possible to the tl
original design configuration, although the 1V. on 0.5H design side slopes wer
difficult to attain because of the irregularly shaped excavated slopes. Once
the reinforcing steel was installed and the foundation ~urfaces cleaned of al
loose material and wetted, 52 cubic yards of 3000 lb/in structural concrete .
were placed in the bottom section of the sill excavation, and 35 cubic yards I

of pneumatically placed concrete (shotcrete) were used in lieu of poured-in
place concrete for the sidewalls. The constructed invert section does not Ii
flush with the surrounding rock as shown on the contract draWings, but instea
projects an average of 6 inches to 1 foot above the existing grade due to
variations within and outside the specified 9-inch tolerance limits for rock
excavation. The concrete section varies from 7 to 8-1/2 feet in width across
the bottom and is sloped down to.bedrock on either side of station 17+50. Th
edges of the concrete were rounded to preclude cracking. Due to the non
uniformity of the excavated side slopes, the concrete sill sidewalls, instead
of being flush with the surrounding rock are frequently recessed into the
slope with rock projecting out on either side of the concrete sections (photo
106). The irregular shape of the sidewall excavations and the use of
shotcrete instead of formed concrete resulted in a occasionally concave shape
side slopes varying in width from 4 to 10 feet.

StIIIIRY AIID mRa.USIOllS

. 4.160 According to the blasting summary in table 6, 85,298 cubic yards of
"aterial were excavated from the spillway using blasting techniques. This
figure represents approximately 85 percent of the total spillway excavation.
The Contractor used 64,264 pounds of explosives (mostly ANFO) to blast the
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rock, resulting in an averagePF of about 0.75. In the final analysis, the
step-drilling and trim blast techniques employed produced acceptable results
considering the diverse geologic conditions (photo 107). The variability in
the excavation characteristics of the spillway rocks produced an end-product
excavation which locally deviates from original lines and grades. Rockfalls
which occurred during and after excavation have reduced bench widths from the
specified 12 feet to as little as 6 feet in some areas (photo 108). These
rockfalls may have been induced by blasting effects but more likely the
presence of loosely keyed rock blocks and dip-slope joint planes precipitated
slope failures. The side slopes appear to have stabilized, although minor
ravelling and sloughing will probably continue to occur. This may require
periodic maintenance cleaning of the benches and invert section.

Dike No.1

DESCRIPTIOR

4.161 Dike no. 1 is a compacted, zoned earthfill structure composed of
pervious shell zones, transition zones, and a central core zone. The upstream
slope is protected by a 12-inch layer of Type I stone up to elevation 1475 and
a 24-inch layer of Type I stone between elevation 1475 and the crest of the
dike. The downstream slope is covered by 12 inches of Type III stone overlain
by landscaping materials. The dike is required to control the SPF and PMF
reservoir pools. The embankment plan, profile, and cross sections are shown
on plates 53 through 56.

GEOLOGY

4.162 The foundation materials for dike no. 1 consist of Tertiary-age
andesite bedrock and non-homogeneous alluvial soils. Generally two distinct
soil layers are present: a maximum 2-foot thick sandy clay layer overlying a
maximum 1-1/2-foot thick layer of caliche cemented sands which grades into a
caliche cemented sandy gravel with rock fragments. This coarser layer extends
down to a depth of at least 25 feet. The geologic conditions encountered
north of dike station 78+65 were similar to those anticipated from the pre
construction geotechnical investigations except that a third soil layer
previously recognized appears to be a coarser grained equivalent of the
overlying thin caliche layer. South of station 78+65, no geotechnical
investigations were conducted along the dike alinement. However, based on
investigations conducted along an alternative alinement located 350 to 400
feet to the east, downstream subsurface conditions were anticipated to be
essentially the same as those upstream and that bedrock would be below the
invert depth of the exploration trench.

4.163 During construction, volcanic bedrock, classified petrographically as a
porphyritic andesite was encountered at shallow depths below the caliche layer
in the exploration trench excavation between stations 84+75 on the south
abutment and station 78+65, see plate 53. The bedrock surface, extending from
its surface contact above the south abutment north for a distance of
approximately 610 feet, has the appearance of a gently dipping bedrock
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pediment which probably drops off rather
The various lithologic units encountered
a discussion of the geologic structure.

I
steeply upstream of station 78+65. I

are described separately followed b~
I

Lithol9Sic Units

4.164 The bottom of the exploration trench between stations 84+75 and 78+50
was mapPc;ld at ascalc;l of linch c;lquals 10 feet. The foundation geology for
dikc;l 1 is presc;lntc;ld on platc;ls 43 and 44. What appeared to bc;l. two distinct
rock types exposed in the exploration trench turned out to be variations of
porphyritic andesite when samples were subjected to detailed petrographic
analyses.

4.165 PORPHYRITIC ANDESITE. Most of the porphyritic andesite (Tvpa), is
pinkish-gray in color, hard, modera.tely to highly fractured ,and slightly
weathered. .South of station 82+25, the rock is gc;lnerally a light. pinkish-gra
color, moderately hard, slightly to moderately weathered, with a less glassy
matrix. Joint patterns also give the andesite in this reach a more platy
appearance. These changes in rock characteristics may be due to this portion
of the rock mass representing the upper weathered surface of the lava flow.
Thc;l prinicipal constitUc;lntsof tt1e.flow include fine grained, randomly
dispersed phenocrysts of hornblende, biotite, magnetite, and feldspar in an
aphanitic, glassy matrix. Examination of the feldspar crystals indicates the
rock mass has undergone two periods of crystallization, one at depth and onc;l
during upward movement or c;lmplacemc;lnt. Scattc;lred and locally concentrated
zones containing abundant lenses and bands of a reddish-brown porphyritic
andesitc;l ranging from 1/2 inch to. 12 .inches in thickness are present. This
rock contains fine to medlum-grainedphenocrysts of feldspar, hornblende,
biotite, and magnetite randomly dispersed in an altered glassy matrix.

4.166 ALLUVIUM. Between stations 78+65 and 10+00, the dike embankment is
founded on alluvium (Qoal), composed of well indurated, insoluble caliche wit
sand, gravel and rock fragments. This layer of· hardpan appc;lars to be quite
extensive beneath the valley floor in the vicinity of the dike.

Geolopc Strueture

4.167 Although classified as an andesite, the bedrock, which outcrops
intermittently on the northwest flank of the West Wing Mountains and which is
exposed in the exploration trench, is texturally and structurally different
from the aphanitic andesite on the right abutment and spillway. However, the
exact field relationship between the two flows is unknown and sufficient
petrographic data is not available to determine whether the rock units are
genetically related. The porphyritic andesite was also assigned a Tertiary
age because it was assumed that the two flows, although possibly resulting
from separate volcanic episodes, are contemporaneous in terms of age.

4.168 Structurally, both andesite flows have recognizable blocky characters
due to their probable highly viscous nature. The dike 1 block flow, however,
dOc;lS not exhibit the uniform strong angular jointing so noticeablc;l in thc;l
abutment and spillway block flows but instead appears to have undergonc;l
locally extensive brecciation during emplacement (photo 109). Although wc;lll
developed joint structures are prc;lsc;lnt, therc;l are numerous areas where
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jointing is discontinuous and poorly developed, particularly in the brecciated
zones. Coherent, large rock blocks are frequently surrounded by calichified
andesite breccia while in other instances, the entire rock mass has been
disrupted and subsequently calichified. The upper part of the andesite flow
tends to have a platy more layered structure, with noticeable arcuate joints
and more pronounced, thin (1/2 inch maximum) flow bands. Strong, subparallel
to wedge-shaped linear joint structures are recognizable throughout the main
body of the flow. A stereonet plot of joint attitudes measured in the
exploration trench revealed 3 Erominent joint systems: (1) strikin6 N15OW,
digping 450 NE; (2) striking N5UW, dipping 900

; and (3) striking N60UW, dipping
60 SW. Upstream of station 83+50, there are also numerous joint planes with
near-horizontal dips (averaging 15~E). Joints are typically closely to
moderately spaced (1 to 12 inches),·with average apertures between 1/2 and
2 inches. Most joints are usually infilled to varying degrees with well
indurated caliche or hard calichified breccia. The overall jumbled nature of
the rock exposed in the trench excavation, which may represent the leading
edge or margin of the flow, has tended to obscure any flow layering. Apparent
layering, striking N600W and dipping 300NE, is present in the upper arched
portion of the flow Sheet, particularly around station 84+40. No faults were
noted in the andesite flow.

EXCAVATION

4.169 Excavation for dike no. 1 began in December 1983 and was completed by
January 1984. The excavation sequence consisted of stripping approximately
the upper 1/2 to 2 feet of alluvium, followed by excavation of an average 5
foot deep exploration trench beneath the core zone. Stripping consisted of
removing the first soil layer with a self-propelled elevating scraper down to
the caliche layer or bedrock and then excavating 2 feet of caliche from
beneath the upstream transition and pervious shell zones. The caliche was
ripped with a D9 dozer and subsequently excavated using two push dozers and
scrapers.

4.170 After stripping was completed, an exploration trench was excavated
beneath the core zone (photo 110) to an average depth of 5 feet or sound
bedrock as shown on plates 53 through 55. Only about 8 percent of the
excavation was in bedrock with the remainder being in caliche (photo 111).
The exploration trench was ripped with D9 dozers and then excavated with push
dozers and scrapers. Removal of approximately 2 to 9 feet of andesite rock
was required to reach a suitable foundation surface. An overall greater depth
of excavation was required in the weathered portion of the andesite flow near
the downstream end. The caliche or hardpan layer was so well indurated in
some reaches that the dozer was unable to reach the designated depth and as a
result hard humps were left in the bottom of the trench.

FOUNDATION PREPARATIOH AHD TREATMENT

4.171 Only that portion of the exploration trench founded on bedrock, between
stations 78+65 and 84+75, required formal foundation preparation and treatment.
A backhoe equipped with scraper bar, shovels, picks, and a high pressure air
hose were used to remove all loose and unsuitable materials from the bedrock
surface and from open .fractures during the initial cleaning of the trench
bottom. Then the sides of the exploration trench were cleaned using shovels
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and ~ow pressure air. Only tbe more comPOtentexposed bedrock and/or ca~ichJ
was air blown to avoid removing excess material and creating overhangs and
pocket.s not accessible to compaction equipmEmt. once the sides were cleaned,
the trench bottom was handpicked of all remaining loose material and air
blown again.

4.172 Following completion of foundation preparation, only minimal foundati
treatment (i.e., dental concrete) was required because of the relatively
smooth foundation surface and the general ~ack of extensive open fractures.
Five cubic yards of low slump, 1000 lbs/in minimum compressive strength
concrete with 3/4-inch maximum size aggregate were placed in small, localized

ldepressions and on highly fractured to. shattered areas containing an abundance
of open fractures. The rock areas designated to receive concrete were wettedl
iJIInediately prior to placement and the .concrete placed directly via the cemen~
truck chute or by laborers using shovels. The concrete was. then vibrated .1

where possible to work it into place.. Feather edges were avoided and the
Iconcrete s·urfaces· shovel-tamped to facilitate better bonding with the core .

material. Dental concrete was used to protect intact rock areas susceptible
to possible damage or degradation from compaction equipment and to provide a
relatively smooth, level surface accessible to compaction equipment.
FoUndation grouting was not considered necessary for the bedrock portion of
the exploration trench because most of the bedrock foundation was above the
elevation of the SPF reservoir pool.

Dike_a. 2

4.173 Dike no. 2 is a compacted earthfill structure composed of' pervious
shell materials. The downstream slope is covered by 12 inches of Type III
stone. The dike is required to control the PMF reservoir pool only• The
embanlanent plan, profile, and typical cross section are shown on plate 57.

4.174 The foundation f'or dike no. 2 is composed of alluvium, generally silty,
sandy gravel; and highly weathered granitic bedrock of' the Precambrian
basement complex. The foundation conditions were essentially the same as
indicated on the contract drawings (plate 27).

4.175 Excavation consisted of stripping approximately the upper 6 inches to
foot of material with a D9H dozer (photo 112).

4. 176 No formal preparation and treatment and geologic mapping of the
foundation surface was required because the dike is composed only of' pervious
shell materials. Af'ter inspection and approval of' the f'oundation by Corps
personnel, the area was scarified to a depth of' 6 inches, wetted, and proof
rolled, prior to embanlanent material placement.
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5. Embankment Placement

5.01 The following paragraphs briefly describe the equipment and procedures
used to place and compact embankment materials at the rock contacts. A more
detailed discussion of embankment construction, including the results of field
and laboratory testing, is presented in the New River Dam Embankment
Performance and Criteria Report (U.S. Army Corps of Engineers, in prep.)

Core Materials

5.02 Special procedures were used in placing and compacting core materials at
the rock contacts within the core zones of the dam and dike no. 1 embankments
in order to insure a suitable embankment/foundation bond. The initial lifts
of wet-of-optimum core material were placed in 6 to 12-inch thicknesses on the
cleaned and wetted bedrock surface with a rubber tired front end loader.
Placement of wetter core materials was done not only to insure its bonding to
the rock but to maximize the filling of voids and cracks in the rock with core
materials. Compaction was accomplished by 8-wheel passes of the front end
loader with a loaded bucket (photos 113 and 114). Wheel rolling was used to
prevent damage to the treated bedrock surface by the tamping roller (photo
115). The compacted surface was scarified by back dragging the bucket teeth
prior to placing the next lift. Compaction with a tamping roller was
initiated when a sufficient thickness of material covered the bedrock surface.
Core materials were placed and compacted on a 4H to 1V slope against each
abutment (photo 116). Establishment of these ramps allowed the tamping roller
to eventually compact closer to the abutment since the rock surface was
protected from the tamping roller by a layer of core material. The same
placement and compaction procedures were used against the 1V on 1H slopes of
the concrete plug within the dam embankment core zone.

5.03 The foundation depression in the Stage II core trench was backfilled
with core materials (photo 26). The bottom and slopes of the depression were
prepared using brooms, shovels, buckets and low pressure air blasting. Once
all loose material was removed, the cleaned bedrock was wetted prior to the
placement of core materials. The core materials were placed wet of optimum in
4-inch loose lifts and compacted with hand held power tampers. Each lift was
then scarified before the next lift was placed. Similar materials and
procedures were employed in the backfilling of the backhoe trench between
approximately stations 29+55 and 30+20 in the Stage I excavation.

Transition Materials

5.04 No special procedures were used in placing and compacting transition
materials at the rock contacts. The materials were spread in 12-inch lifts by
a motor grader or dozer. Each lift was compacted by four passes of a steel
drum vibratory roller. Nested cobbles at the rock contacts were removed prior
to compaction of the lift. The compacted surface of the preceding lift was
scarified to a depth of 6 inches with the rippers on a motor grader prior to
placement of the next lift.
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Pervious Sb.ellMaterials

5.05 No special procedures were used in placing and compacting pervious she I
materials at the rock contacts. The materials were spread in 24-inch lifts y
a motor grader or dozer. Each lift was compacted by four passes of a steel
drum Vibratory roller. Nested cobbles at the rock contacts were removed pri r
to compaction of the lift. The compacted surface of the preceding lift was
scarified to a depth of 6 inches with the rippers on a motor grader prior to
placement of the next lift.
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6. Possible Future Problems

6.01 No significant geologic features or foundation conditions were
encountered which might affect the integrity of the dam embankment and its
appurtenances. Two minor, though potentially recurrent, problems which might
require future monitoring are discussed in the following paragraphs.

Outlet Channel Erosion

6.02 During the first perioqic inspection of New River Dam on 21 March 1985,
erosion was noted in two areas of the outlet channel. Low flows through the
outlet channel had removed an approximately 2 to 3-foot section of the 9-inch
layer of Type III stone from the lower portion of the 1V on 2.5H side slopes
between stations 5+06 and 6+00 and had eroded a near vertical cut in the
exposed alluvial foundation materials. There was also some undercutting of
the 24-inch grouted stone section on the east slope at station 5+06. At the
downstream end of the outlet channel, low flows had also scoured out a
depression in the compacted backfill placed against the grouted stone cutoff.
By the time of the final inspection on 19 April 1985, these two problem areas
had been repaired. The erosion of the outlet channel side slopes was repaired
by the placement of a thicker section of Type III stone. The depression at
the end of the grouted stone section in the streambed was backfilled with Type
III stone. According to the original design, Type III stone protection was
not necessary for the lower portion of the outlet channel bottom and side
slopes; it was placed only to provide extra protection. Despite the presence
of Type III stone, erosion still occurred. However, erosion within the
channel will not compromise the stability of the dam but should be monitored
if future periodic maintenance of the channel is necessary.

Spillway Slope Degradation

6.03 During the two post construction inspections mentioned in the preceeding
paragraph, little change was noted in the condition of the spillway side
slopes and benches since the completion of excavation (see para. 4.160). The
side slopes appeared to have stabilized although minor ravelling and sloughing
can be expected to continue because of the highly fractured nature of the
andesite rock mass. Therefore, periodic maintenance cleaning of the benches
and invert section may be required. Areas subject to potentially major
rockfalls will be those sections of the andesite rock mass where the joint
planes have adverse orientations toward the excavation. Another possible
problem area is in the vicinity of station 14+00, north side, where a
significant slope failure occurred due to the intensely fractured, platy
nature of the bedrock (see pl. 42 and photo 117). Transverse cracks,
approximately 1 to 2 feet back from the upper edge of the excavation in this
area,indicate the potential for recurring rockslides. Major rockfalls would
not reduce the effectiveness of the spillway.
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6.Q4 As discussed previously in this report, excavated andesite rock h(ls th
potential to undergo extensive breakdown. The responsible mechanism for thi
breakdown is still in question. This breakdown phenomenon was first noted
during a 1982 ins.pection of backfilled preconstruction spillway test trenche
excavated approximately 1 year earlier. An examination of the spillway
excavation during the first periodic inspection indicated that breakdown of
talus on the bench and upper slope On the north side downstream of station
15+00 had begun to occur. Th!s corresponds very closely with the location o~
test trench .TT-94 (see pl. 18) W.heretbe m.ost severe .degrad~tion was noted.
During the subsequent final inspection, it was apparent that some of the 100 e
in-place rock in this same area was now beginning to breakdown. Although
field evidence suggests that the rock breakdown tends to be limited to the. I

downstream portion of the spillway, it is not known whether other areas Willi
~ similarly affected. During future periodic inspections, the condition of
the spillway side slopes and benches, particularly in those areas where rock I
b.reakdOWD is.occur.riDg.. , Shoul.. d be monitored. closely and any potential. impact~.
on structures like the concrete sill, and fence posts and guard rails near t e
edges of the excavation should be noted. I

I
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TABLE 1. CONTRACT QUANTITIES

Item Estimated Unit Actual
No. Description Quantity Unit Price Quantity

MOBILIZATION AND
PREPARATION WORK 1 Job L.S. 1

2. DIVERSION AND CONTROL 1 Job L.S. 1
OF WATER

3. CLEARING AND GRUBBING 1 Job L.S. 1

4. STRIPPING, DIKES 1 & 2 85,000 Cu. Yd. $1.25 68,540
,

5. EXCAVATION, DIKE NO. 1 33,000 Cu. Yd. $1.75 41,443
(EXPLORATION TRENCH)

6. SCALING
(a) FIRST 1000 Cu. Yd. 1,000 Cu. Yd. $17.00 0
(b) OVER 1000 Cu. Yd. 500 Cu. Yd. $16.00 0

7. EXCAVATION
DAM EAST ABUTMENT 11,700 Cu. Yd. $7.00 8,313
DAM WEST ABUTMENT 2,000 Cu. Yd. $16.00 8,653

8. EXCAVATION, FOUNDATION (DAM) 325,000 Cu. Yd. $1.25 288,106

9. EXCAVATION, CORE-TRENCH (DAM) 60,000 Cu. Yd. $1.60 77,360

10. FOUNDATION PREPARATION
(a) FIRST 1,500 Man Hr. 1,500 Man Hr. $30.00 1,500
(b) OVER 1,500 Man Hr. 1,500 Man Hr. $28.00 5,813

11. EXCAVATION, OUTLET WORKS 29,000 Cu. Yd. $ 7.00 41,652

12. EXCAVATION, SPILLWAY 96,000 Cu. Yd. $ 5.00 101,181

e 13. EXCAVATION, ACCESS ROAD 5,500 Cu. Yd. $ 4.00 6,052

14. EXCAVATION, TOE 25,000 Cu. Yd. $ 1.25 10,000

15. FILL, OUTLET WORKS 15,000 Cu. Yd. $ 2.50 17,094

16. FILL, ACCESS ROAD 71,000 Cu. Yd. $ 1.50 73,676

17,~ FILL, CORE· 524,000 Cu. Yd. $ 1.50 539,214
·,,:, .. i iJ

18. FILL, TRANSITION 410,000 Cu. Yd. $ 1.75 422,265

19. FILL, PERVIOUS SHELL 1,640,000 Cu. Yd. $ 1.50 1,627,807
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TABLE 1. (Continued)

Item Estimated Unit Actual
No. Description Quantity Unit Price Quantity

39. FOUNDATION DRILLING
AND GROUTING

(a) MOBILIZATION AND
DEMOBILIZATION 1 Job L.S. 1

(b) DRILLING EXPLORATORY
GROUT HOLES 350 Lin. Ft. $25.00 350

(c) DRILLING GROUT HOLES 9,100 Lin. Ft. $8.00 9,100

(d) PIPE FOR GROUT HOLES 500 Lin. Ft. $5.00 500

(e) DRILL SET-UPS
(1) GROUT HOLES 370 Each $25.00 370
(2) EXPLORATORY GROUT

HOLES 4 Each $50.00 5

(f) PRESSURE TESTING 175 Hour $60.00 47.5

(g) GROUT PUMP CONNECTIONS 375 Each $50.00 225

(h) PLACING GROUT 2,500 Sack $20.00 2,097.5

40. PIPE GATE, OUTLET WORKS 1 Each $1,500.00 6

41. DRIVE GATE 1 Each $1,000.00 1

42. DOUBLE DRIVE GATE 2 Each $1,500.00 5

43. REINFORCED CONCRETE CULVERT,
DIKE NO. 1 1 Job L.S. 1

44. CORRUGATED METAL PIPE, 24 INCH 60 Lin. Ft. $35.00 60

45. CORRUGATED METAL PIPE, 36 INCH 60 Lin. Ft. $55.00 60

46. ' CORRUGATED METAL PIPE, 48 INCH 660 Lin. ft. $65.00 660

47. METAL END SECTIONS FOR 36" CMP 2 Each $300.00 2

48. METAL END SECTIONS FOR 24" CMP 2 Each $200.00 2

. 49.· AGGREGATE BASE, ROAD 2,400 Cu. Yd. $9.00 2,353

50. ASPHALT CONCRETE PAVEMENT 2,800 Ton $35.00 1,039
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Mod.
No. Item

TABLE 2. GEOTECHNICAL RELATED CONTRACT MODIFICATIONS

Description of Change Cost

P00005

P00009

P00010

PP0013

Stage 1
Excavation

Grouted Stone
Upstream Intake
Structure

Stone Protection

Observation Wells

Excavation of core trench from elevation
1365 as shown on the contract drawings
to elevation 1355, from Station 29+64 to
Station 31+90.

Place and grout stone upstream of Inta~e

Structure, Station 20+99.27 to Station
21+30.' ,

Contractor was required to significantly
alter borrow processing methods and
procedures in order to obtain adequate
and acceptable Type I and II Stone.

Install three observation wells at the
New River Dam Site.

$ 68,227.00

$ 24,779.00

$480,000.00

$ 53,877.00
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TABLE 3. OBSERVATION WELL NO. 1

Section: 35
. Township: 5N
Range: 1E
Location: 350 ft. downstream of dam station 24+50

Date drilled: February 1985
Total depth of well: 144 ft.
Elevation, top of pipe: 1386.8 ft.
Standing water level: 36 ft.
Total amount of casing: 115 ft.
Top of perforations: 25 ft.
Bottom of perforations: 110 ft.
Amount of PVC pipe installed: 136 ft.

Driller's Log:

o to 10 ft.
10 to 57 ft.
57 to 144 ft.

144 to 147 ft.

Silty sand and boulders
Sand, gravel and boulders
Sand, clay and gravel
Hard rock

Standing water level:
Taped well depth:

38 ft. (Sept. 1985)
131 ft. (Sept. 1985)



TABLE 4. OBSERVATION WELL NO. 2

Section: 35
Township: 5N
Range: 1E

Location: 350 ft. upstream of dam station 24+50

Date drilled: February-Marcn 1985
Total depth of well: 138 ft.
Elevation, top of pipe: 1399.1 ft.
Standing water level: 43 ,ft.
Total amount of casing: 136.6 ft.
Top of perforations: 25 ft.
Bottom of perforations: 130 ft.
Amount of PVC pipe installed: 136 ft.

Driller's Log:

o to 20 ft.
20 to 32 ft.
32 to 41 ft.
41 to 95 ft.
95 to 113 ft.

113 to 134 ft.
134 to 138 ft.

Standing water level:
Tape well depth:

Silty sand and boulders
Sand and gravel
Loose sand and gravel
Sand, clay and gravel
Sand, clay and loose rock
Sand, clay and rock
Hard rock

45.5 ft. (Sept. 1985)
128.5 ft. (Sept. 1985)



TABLE 5. OBSERVATION WELL NO. 3

Section: 23
Township: 5N
Range: 1E
Location: Approx. 2-1/4 miles upstream of dam

Date drilled: March-April 1985
Total depth of well: 155 ft.
Elevation, top of pipe: 1463.0 ft.
Standing water level: 121 ft.
Total amount of casing: 146.3 ft.
Top of perforations: 25 ft.
Bottom of perforations: 140 ft.
Amount of PVC p~pe ~nstalled: 150 ft.

Drillers Log:

o to 36 ft.
36 to 42 ft.
42 to 48 ft.
48 to 49 ft.
49 to 53 ft.
53 to 145 ft.

145 to 155 ft.

Standing water level:
Taped well depth:

Silty sand and rock
Heaving sand and rocks
Sand and hard rock
Hard rock
Clay and hard rock
Sandy clay and gravel
Hard rock

132.5 ft. (Sept. 1985)
150 ft. (Sept. 1985)
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TABLE 6. NEW RIVER DAM,ARIZONA- BLASTING SUMMARY
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Right
Abutment

1 11/8/83 ? ? 5-7 ? l!;z 4x5 3 234 12 ··19~ 266 .87 183 blasting for
2 1/11/83 ? ? 5-7 ? l~ 4x5 3 72 12 6 80 .90 106 abutment access
3 ~1/15/83 ? ? 8- ? l~ 4x5 3 124 8 16 206 .60 31 road and staging

10 platform

Spillway

4 1/18/83 18+70- 1474 10 1464 2!2 6x7 4 183 2 120 279 .66 13 12 20 ft. pre-split
18+82 1471 18 1453 drilled on !2: 1

".

on 3 ft. centers
(unacceptable
presplit demo.)

4a 11/18/8 17+25- 1511 6 1505 4
17+43 1511 12 1499 2~ 6x7 5 164 3 80 240 .68 12 720 ft. presplits

1511 18 1493 7 drilled on 3/4:1
on 3 ft. centers
(unacceptable
presplit demo.)

8 2/9/84 17+00- 1503 7 1496 3 acceptable "step
17+48 1503 15 1488 2!2 8x8 5 1317 6 291 1621 .81 36 drilling" demo.

1503 24 1479 5 for upper 1:1
side slopes
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TABLE 6. NEW RIVER DAM ,ARIZONA - BLASTING SUMMARY
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ILl
0 II)

9 3/8/84 15+00- 1486- 6- 1480- 2~ 8x8 4 2155( 19 1200 27217 .79 638 production shot
18+00 1504 20 1484 ave to bench elev.

10 6/19/84 16+75- 1482- 15 1400- 3 8x8 8 165( 6 300 1848 .86 36 15 23 ft. presplits
17+20 1484 23 ,1461 5 drilled on ~:l s

on 3 ft. centers
(unacceptable
presplit demo.)

11 6/27/84 15+77- 1482 11 1458- 3 6x8 5 155C 6 258 1798 .86 42 13 23 ft. trim-line
16+25 23 1459 8x8 5 holes drilled on

, ~:l slope on 4 f
centers (accept-
able controlled
blasting techniq ,

.
12 7/16/84 18+00- 1482- 6- 1452 3 8x8 8 7000 11 636 9385 .75 165 58? unapproved pro-

19+10 1458 30 ave duction shot to
invert elevation

13 8/21/84 16+25- 1483- 22 1461- 3 9x9 4 8200 10 820 11946 .69 180 ? production shot
18+00 1484 ave 1462 ave above horizontal

buffer zone
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TABLE 6. NEW RIVER DAM,ARIZONA- BLASTING SUMMARY
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0 I/)

14 8/27/84 13+25- 14
6x614+00 1464- ave 1450-

3 4 1540( 12 1284 20096 .76 419 150 production shot14+00- 1483 22 1461
9x9 ave. above buffer ZOIl~16+25 ave

15 9/17/84 13+75?- 1455- 8 1447- 3 6x6 5 670( 13 773 10001 .69 940 invert buffer
18+00 1464 ave. 1456 ave. zone production

shot

16 10/3/84 12+50- 1448- 4 1444- 3 6x6 ~ 55( 5 110 867 .63 163 production shot
13+35? 1450 ave. 1446 ave. to remove hard

. rock humps above
invert

Outlet
Works

5 1/24/84 16+36- 1386 1~- 1385- 2~ 5x6 6 170C 15 170 2589 .65 177 outlet works
15+16 20 1369 6x6 flve. blasting conduct~

6x7 without benefit
of demonstration

6 2/3/84 15+04- 1383- 4- 1369- 2~ 5x6 5~ 150C 19 86 2268 .66 157
14+20 1385 18 1376 6x6 ave.

6x7
7 2/7/84 14+13- 1385- 7 1376 2!.: 7x7 3 187 5 43 .328 .57 262

1~+~L.. l1A?
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TABLE 7. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING

RIGHT (WEST) SIDE

ABUTMENT CORE TRENCH COMBINED
(STA. 31 +90 TO STA.33+27) (STA. 29+64 TO STA.31+9O) (STA. 29+64 TO STA.33+27)

TOTALS
p S T Q, Q2 P S T Q1 Q2 P S T Q1 Q2

LF 450 175 575 1025 /75 1200
ZONE

SACKS 81.0 13. a N/A N/A N/A 2.7 N/A N/A N/A N/A 83.7 13.0 N/A N/A N/A 96.7
I

sACKS/LF 0.2 0.07 <0.01 0.08 0.07 0.08

ZONE
LF 250 25 575 /50 100 825 175 100 1100

SACKS 89.5 0.0 N/A N/A N/A 98.1 51.6 0.0 N/A N/A 187.6 51.6 0.0 N/A N/A 239.2n:
SAC KS/LF 0.4 0.0 0.2 0.3 0.0 0.2 0.3 0.0 0.2

LF 50 25 300 275 150 25 350 300 150 25 825
ZONE

SACKS 50.6 5.9 N/A N/A N/A 467.3 32.4 51.6 0.0 N/A 517.9 38.3 51.6 0.0 N/A 607.8m
sACKS/LF 1.0 0.2 1.6 0.1 0.3 0.0 1.5 0.1 0.3 0.0 0.7

LF 750 225 1450 425 250 25 2200 650 250 25 3125
ALL

SACKS 221.1 18.9 N/A N/A N/A 568.1 84.0 51.6 0.0 N/A 789.2 102.9 51.6 0.0 N/A 943.7
ZONES

sACKS/LF 0.3 0.08 0.4 0.2 0.2 0.0 0.4 0.2 0.2 0.0 0.3

SEE SHEET 3 FOR EXPLANATORY NOTES.
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TA.BLE 7. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING

LEFT (EAST) SIDE

CORE TRENCH ABUTMENT- COMBINED
(STA. 13+00 TO STA. 21+06) (STA. 10+00 TO STA. 13+00) (STA. 10+00 TO STA. 21+06) TOTALS

p S T Q
1

Q2 P S T Q, Q2 P S T Q, Q2

LF 1960 150 50 50 750 50 2710 200 50 50 3010
ZONE

SACKS 99.8 38.8 39.8 2.0 N/A 23.0 5.1 N/A N/A N/A 122.8 43.9 39.8 2.0 N/A 208.5I
SACKS/LF 0.05 0.3 0.8 0.04 0.03 0.1 0.05 0.2 0.8 0.04 0.07

LF 1975 125 75 100 50 525 125 100 50 50 2500 250 175 150 100 3175
ZONE

SACKS 121.3 42.3 77.6 13.5 13.2 100.5 43.3 31.7 44.6 5.8 221.8 85.6 109.3 58.1 19.0 493.8II'
SACKS/LF 0.06 0.3 1.0 0.1 0.3 0.2 0.3 0.3 0.9 0.1 0.09 0.3 0.6 0.4 0.2 0.2

ZONE
LF 50 50 50

m SACKS 0.0 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.0 N/A N/A N/A N/A 0.0

SACKS/LF 0.0 0.0 0.0

LF 3985 275 125 150 50 1275 175 100 50 50 5260 450 225 200 100 6235
ALL

ZONES
SACKS 221.1 81.1 117.4 15.5 13.2 123.5 48.4 31.7 44.6 5.8 344.6 129.5 149.1 60.1 19.0 702.3

SACKS/LF 0.06 0.3 0.9 0.1 0.3 0.1 0.3 0.3 0.9 0.1 0.07 0.3 0.7 0.3 0.2 0.1

GRAND LF 9360

TOTALS SACKS 1646SEE SHEET 3 FOR EXPLANATORY NOTES.
BOTH SACKS
SI DES (F

0.2
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TABLE 7. FOUNDATION GROUTING

(notes)

1. Grout hole series are designated by P, S, T, Q1 and Q2.
P =primary grout hole; S = secondary grout hole; T = te~tiary grout hole;
Q1 =quaternary grout hole; Q2 = quinary grout hole.

2. Grout hole drilling footage per zone is expressed in linear feet (LF).

3. Grout take per zone is expressed in sacks of cement placed.

4. Drilling footage included only for those zones where split-spacing
actually required due to high grout takes in adjacent grout holes.
Exploratory grout hole footage not included.

5. Sack figures do not include backfilling or exploratory grout hole takes.

6. For Zone IlIon the west side, primary hole spacing was based on 20 foot
centers. The following primary holes were considered secondary holes during
Zone III grouting due to 20 ft. primary hole spacing: 30+10, 30+30, 30+50,
30+70, 30+90, 31+10, 31+30, 31+50, 31+70, 31+90, 32+00, (11 holes, 275 feet).
The following secondary holes were considered tertiary holes due to 20 ft.
primary hole spacing: 30+15, 30+65, 30+75 (3 holes, 75 feet).

SHEET 3 of 3 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE
NO. RIES ELEV. NATIONI K REMARKS

DAM OFF- (ft.1 FLOW PRESS. GROUTED TAKE PRESS. MIX
(ft. ) BEARING VALUE

STATION SET (g p m) (psi)
(ft. I day) (sacks) (psi) (w/C)

10+10 P 10+09.5 O.5R 1474.2 30E 0-25 0.0 10 0.0 d
10+20 P 10+20 0 1471. 8 30E 0-25 0.0 10 0.0 d
10+30 P 10+29.3 0 1469.1 30E 0-25 0.0 10 0.0 d
10+40 P 10+40 0 1465.5 30E 0-25 0.0 10 0.0 d
10+50 P 10+49.5 0 1461.5 30E 0-25 0.0 10 0.0 d
10+60 P 10+60 0 1457.2 30E 0-25 1.2 10 0.2 2/9/84 0.3 10 6:1
10+70 p 10+70 0 1455.1 30E 0-25 0.0 10 0.0 d
10+80 .p 10+79.3 0 1450.1 30E 0-25 0.0 10 0.0 d
10+90 P 10+90 2.2L 1446.3 30E 0-25 0.2 10 O.Ol d
11+00 P 10+95.5 0 1443.4 30E 0-25 0.9 10 0.2 2/2/84 0.4 10 6-:1

25-50 1.5 15 0.2 2/7/84 0.9 15 6:1
11+10 p 11+10 0 1439.8 30E 0-25 1.2 10 0.2 2/2/84 0.4 10 6:1

25-50 5.5 15 0.5 2/7/84 1.7 15 6:1
11+20 p 11+20 0 1436.4 30E 0-25 5.3 10 1.1 2/2/84 0.9 10 6:1

25-50 5.4 15 0.5 2/7/84 0.8 15 6:1
11+30 p 11+30.5 0 1434.1 30E 0...,.25 0.9 10 0.2 2/2/84 0.2 10 6:1

25-50 2.2 15 0.2 2/7/84 0.5 15 6:1
11+40 p 11+40 0 1430.5 30E 0-25 1.2 10 0.2 2/2/84 0.5 10 6:1

25-50 7.0 15 0.7 2/7/84 0.8 15 6:1
11+50 p 11+50 0 1424.f. 30E 0-25 2.2 10 0.5 2/2/84 1.5 10 6:1

25-50 0.0 15 0.0 d
11+60 p 11+60 0 1421. 8 30E 0...,.25 2.4 10 0.5 2/1-2/2 1.2 10 6:1 placed 0.1 sacks

84 on 2/1/84 prior
to equipment
breakdown

25-50 5.5 15 0.5 2/7/84 0.7 15 6:1
11+70 p 11+70 0 1420.0 30E 0-25 5.4 10 1.1 2/1/84 1.5 10 6:1

25-50 6.3 15 0.6 2/7/84 0.7 15 6:1
11+80 p 11+80 0 1417.2 30E 0-25 3.8 10 0.8 2/1/84 0.6 10 6:1

25-50 7.7 15 0.8 2/7/84 0.8 15 6:1
11+90 p 11+90 0 1414.5 30E 0-25 0.3 10 O.OE 2/1/84 0.3 10 6:1

25-50 11. 3 15 1.1 2/7/84 0.7 15 6:1

SEE SHEETS 14 a 15 FOR EXPLANATORY NOTES. SHEET I 0 F 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

..

HOLE LOCAT.ION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE
NO. RIES ELEV. NATIONI

(ft.) K REMARKS
DAM OFF- FLOW PRESS. GROUTED TAKE PRESS. MIX

STATION SET
(ft. ) BEARING

(gpm) (PII)
VALUE

(W/C)(ft. I day) (Iackl) (Pli)

11+95 S 11+96.3 0 1412.3 30E 0-50 7.0 15 0.7 2/9/84 4.3 15 6:1
12+00 p 12+00.5 0 1409.9 30E 0-25 0.0 10 0.0 d

25-50 14.4 15 1.4 2/6/84 13.2 15 6/5:1
12+05 S 12+05 0 1408.9 30E 0-50 9.2 15 0.9 2/9/84 2.2 15 6:1
12+10 p 12+10.5 0.4L 1409.2 30E 0-25 1.8 10 0.4 2/1/84 0.8 10 6:1

25-50 0.5 15 0.0< d
12+20 P 12+20 1.5L 1408.1 30E 0-25 0.0 10 0.0 d

25-50 0.9 15 O.OC d
12+30 p 12+30 1.2L 1402.1 30E 0"'-25 1.4 10 0.3 1/25/84 0.4 10 6:1

25-50 1.1 15 0.1 2/6/84 0.7 15 6:1
12+40 p 12+40 1.2L 1401. 3 30E 0-25 0.0 10 0.0 d

25-50 0.7 15 0.0 d
12+50 P 12+50 1.0L 1400.7 30E 0-25 0.9 10 0.2 1/25/84 0.4 10 6:1

25-50 6.4 15 0.6 2/6/84 0.8 15 6:1
12+60 p 12+59.5 1.2L 1398.0 30E 0-25 2.3 10 0.5 1/24/84 1.0 10 6:1

25-50 0.9 15 O.OC 2/6/8/. 0.6 15 6:1
12+65 S 12+65 1.5L 1397.6 30E 0-25 8.3 10 1.7 1/31/84 3.2 10 6:1
12+70 p 12+70 1.0L 1397.9 30E 0-25 7.3 10 1.5 1/24/84 7.1 10 6/4:1 ~ hr circulation

due to outlet
works blast may
have caused grou
to set-up; decid
to split-space

25-50 6.3 15 0.6 2/6/84 0.9 15 6:1
12+75 S 12+75 0 1397.6 30E 0-25 5.2 10 1.1 1/31/84 1.9 10 6:1
102e E 12+78.5 1.5L 1397.3 vert. 0-41.9 13.2 10 - 2/16/84 57.1 10- 6/1:1 lost circulation

20 during drilling
at 38.3 feet

12+80 p 12+80.5 0.5L 1396.8 30E 0-25 1.5 10 0.3 1/24/8/f 1.4 10 6:1
25-50 7.1 15 0.7 2/6/84 3.0 15 6:1

12+85 S 12+84 0.8L 1396.4 30E 0-50 5.8 15 0.6 2/6/84 5.3 15 6:1
12+87.5 T 12+89 0 1395.5 30E 0-50 1.2 14 0.1 2/24/84 0.4 14 6:1

d

SEE SHEETS 14 a. 15 fOR EXPLANATORY NOTES. SHEET Z Of 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE - DEPTH DATE
NO. RIES ELEV. NATIDNI K REMARKS

DAM OFF- (ft.) FLOW PRESS. GROUTED TAKE PRESS. MIX
(ft. ) BEARING VALUESTATION SET (opm) (pal)

(ft. I doy) (sacks) (psi) (w/C)

12+90 P 12+90 1.0L 1394.8 30E 0-25 7.4 10 1.5 1/24/84 3. 7 10 6:1
25-50 8.4 15 0.8 1/30/84 14.4 15 6/4:1

12+90.6 Q2 12+90.2 2.5L 1395.3 30E 0-50 10.5 15 1.0 2/13/84 2.5 15 6:1 grout leak at
surface from hal
12+91. 9

12+91. 3 Q1 12+91. 3 3.3L 1395.3 30E 0-50 16.0 15 1.6 2/10/84 43.1 15 6/1:1
12+91. 9 Q2 12+92.1 2.2L 1395.3 30E 0-50 7.3 15 0.7 2/13/84 3.3 15 6:1
12+92.5 T 12+92.7 1.0L 1395.1 30E 0-50 17.0 15 1.7 2/9/84 19.1 15 6/3:1
12+93.8 Q1 12+94 2.5L 1394.8 30E 0-50 6.4 15 0.6 2/10/84 1.5 15 6:1
12+95 S 12+95.6 1.4L 1394.8 30E 0-50 17.0 15 1.7 2/3/84 30.5 15 6/2:1
12+97.5 T 12+98.5 1.5L 1394.5 30E 0-50 9.2 15 0.9 2/9/84 1.0 15 6:1
13+00 p 13+00.5 1.0L 1394.3 30E 0-25 0.8 10 0.2 1/24/84 0.4 ,10 6:1

25-50 16.3 15 1.6 1/30/84 59.3 15 6/1:1
13+02.5 T 13+03 1.0L 1394.2 30E 0-50 15.0 14 1.6 2/24/84 11.2 14 6/3:1
13+05 S 13+05.2 1.0L 1393.6 30E 0-50 7.9 15 0.8 2/3/84 1.0 15 6:1
13+10 p 13+08.5 0.7L 1393.9 30E 0-25 0.1 10 0.02 d

25-50 1.9 10 0.2 1/25/84 1.0 15 6:1
13+20 p 13+18.5 1.8L 1394.1 30E 0-25 2.2 10 0.5 1/20/84 0.8 10 6:1

25-50 0.8 15 0.08 1/25/84 0.3 15 6:1
13+30 p 13+28.5 1.6L 1393.3 30E 0-25 4.4 10 0.9 1/20/84 2.5 10 6:1

25-50 12.6 15 1.3 1/25/84 1.9 15 6:1
103C E 13+29 2.7L 1393.0 vert. 0-37.8 19.5 20 - 2/21/84 73.2 15 6/2:1 lost circulation

during drilling
at 36.3 feet

37.8-_ . 0.0 15 0.0 d45.0
13+40 p 13+37.5 1.2L 1391.0 30E 0-25 10.1 10 2.1 1/20/84 4.4 10 16:1

25-50 7.5 15 0.7 1/25/84 1.4 15 6:1
13+41. 3 Q1 13+38.6 2.1L 1391. 2 30E 0-50 2.5 15 0.2 2/10/84 0.8 15 6:1
13+42.5 T 13+39.7 1.0L 1391. 4 30E 0-50 17.0 15 1.7 2/8/84 35.1 15 6/2:1
13+43.8 Q1 13+41. 5 2.2L 1391.0 30E 0-50 11.4 15 1.1 2/10/84 3.5 15 6:1
13+45 S 13+42 1.4L 1390.8 30E 0-25 0.5 10 0.1 1/31/84 1.0 10 6:1

25-50 11. 2 15 1.1 2/3/84 38.3 15 6/2:1

SEE SHEETS 14 8 15 fOR EXPLANATORY NOTES. SHEET 3 OF 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE - DEPTH DATE
NO. RIES ELEV. NATION! K REMARKS

DAM OFF- (ft.) FLOW PRESS. GROUTED TAKE PRESS. MIX
(ft. ) BEARING VALUE

STATION SET (gpm) (psi)
(ft.! day) (socks) (psi) (W!C)

13+45.6 Q2 13+42.7 1.3L 1390.7 30E 0-50 17.0 14 1.8 2/24/84 4.2 14 6/5:1
13+46.3 Q1

13+43.2 1.5L 1390.5 30E 0-50 15.5 15 1.5 2/10/84 8.3 15 6/4:1
13+46.9 Q2 13+44.2 2.7L 1390.4 30E 0-50 7.0 14 0.7 2/24/84 9.0 14 6/4:1
13+47.5 T 13+45.5 1. 7L 1390.0 30E 0-50 17.5 15 1.7 2/8/84 Lf1.4 15 6/1~:1

13+48.8 Q1 13+45.9 0.7L 1389.9 30E 0-50 3.0 15 0.3 2/1O/8L". 0.9 15 6:1
13+50 p 13+47 1.2L 1389.4 30E 0-25 13.8 10 2.9 1/19-20 31.3 10 6/2:1 placed 30.5 sack3

, 84 on 1/19 before
darkness halted
work; washed halF
and placed 0.8
sacks @6:1 on
1/20/84

25-50 17 .0 15 1.7 1/25/84 33.2 15 6/3:1
13+52.5 T 13+47.5 2.6L 1389.3 30E 0-50 3.0 14 0.3 2/24/84 1.1 14 6:1
13+55 S 13+52 0.8L 1388.2 30E 0-25 8.6 10 1.8 1/31/84 2.9 10 6:1

25-50 6.2 15 0.6 2/3/84 2.3 15 6:1
13+60 p 13+57.5 l.6L 1387.5 30E 0-25 0.5 10 0.1 1/19/84 0.8 10 6:1

25-50 1.6 15 0.2 1/30/84 0.7 15 6:1
13+70 p 13+67.4 1.5L 1386.5 30E 0-25 0.0 10 0.0 d

25-50 0.3 15 0.03 d
13+80 P 13+77.3 0.8L 1384.5 30E 0-25 0.0 10 0.0 1/19/84 0.0 10 6:1

25-50 3.1 15 0.3 1/30/84 0.3 15 6:1
13+85 S 13+84.5 1.3L 1386.0 30E 0-50 2.9 15 0.3 2/2/84 1.0 15 6:1
13+90a P 13+90 lolL 1383.5 30E 0-25 7.0 10 1.4 1/19/84 0.0 10 6:1

25-50 16.0 15 1.6 1/27/84 43.2 15 6/2:1
13+90b p 13+90.4 2.2L 1383.5 vert. 0-50 4.3 15 0.4 2/14/84 0.5 15 6:1
13+95 S 13+94.3 0.7L 1384.0 30E 0-50 0.0 15 0.0 d
14+00a P 14+00 1.1L 1384.7 30E 0-25 2.2 10 0.5 1/19/84 0.7 10 6:1

25-50 15.0 15 1.5 1/27/84 7.9 15 6:1
14+00b p 14+00 2.6L 1384.7 vert. 0-50 0.7 15 0.06 d
14+00c P 14+00 0.3R 1384.7 30W 0-50 0.0 15 0.0 d
14+05 S 14+04.3 0.5L 1385.2 30E 0..:.50 1.4 15 0.1 2/2/84 0.7 15 6:1

SE.E SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEfT 4 Of 15 SHEETS



e e
TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE
NO. RIES ELEV. NATIONI K REMARKS

DAM OFF- (ft.) FLOW PRESS. GROUTED TAKE PRESS. MIX
(ft. ) BEARING VALUE

STATION SET (gpm) (psi)
(ft. I day) (sacks) (psi) (W/C)

14+lOa P 14+09.5 3.7L 1385.5 30E 0-25 0.0 10 0.0 d
25-50 0.0 15 0.0 d

14+10b P 14+11 l.OL 1385.6 vert. 0-25 0.0 10 0.0 d
25-50 0.9 15 0.08 1/27/84 0.6 15 6:1

14+10c P 14+11.4 2.2R 1385.6 30W 0-25 0.0 10 0.0 d
25-50 5.1 15 0.5 1/27/84 2.4 15 6:1

14+20 p 14+21. 5 l.OL 1335.9 vert. 0-15 0.0 5 0.0 d
14+30 P 14+30 l.OL 1384.6 vert. 0-30 0.0 10 0.0 d
14+40 P 14+40 l.OL 1384.1 vert. 0-15 0.1 5 0.06 d
14+50 P 14+50 l.OR 1388.4 30E 0-25 0.0 10 0.0 d

25-50 0.1 15 0.01 d
14+60 P 14+60 l.OR 1338.5 30E 0-25 0.0 10 0.0 d

25-50 0.1 15 0.01 d
14+70 P 14+70 l.OR 1388.6 30E 0-25 0.0 10 0.0 d

25-50 0.1 15 0.01 d
14+80 P 14+80 l.OR 1388.3 30E 0-25 0.0 10 0.0 d

25-50 0.1 15 0.01 d
14+90 P 14+90 l.OR 1388.0 30E 0-25 0.0 10 0.0 d

25-50 0.3 15 0.03 d
15+00 P 15+00 l.OR 1387.4 30E 0-25 0.7 10 0.1 2/9/84 0.2 10 6:1

25-50 4.5 15 0.4 2/13/84 l.1 15 6:1
15+10 p 15+10 l.OR 1387.1 30E 0-25 0.0 10 0.0 d

25-50 3.8 15 0.4 2/13/84 1.3 15 6:1
15+20 p 15+20 l.OR 1386.9 30E 0-25 0.0 10 0.0 d

25-50 4.2 15 0.4 2/13/84 3.6 15 6:1
15+30 p 15+30 l.OR 1386.4 30E 0-25 0.0 10 0.0 d

25-50 1.5 15 0.1 2/13/84 0.3 15 6:1
15+40 p 15+40 l.OR 1387.6 30E 0-25 0.0 10 0.0 d

25-50 0.0 15 0.0 d
15+50 P 15+49 l.OR 1389.1 30E 0-25 0.0 10 0.0 d

25-50 0.0 15 0.0 I d

SEE SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEET 5 OF 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE

NO. RIES ELEV. NATIONI K REMARKS
DAM OFF- (ft.) FLOW PRESS. GROUTED TAKE PRESS. MIX

(ft. ) BEARING VALUE
STATION SET (gpm) (pal)

(ft. I day) (sacks) (psi) (w/C)

15+60 P 15+60 LOR 1388.7 30E 0-25 3.2 10 0.7 2/10/84 0.9 10 6:1 zone 3 drilled
25-50 6.2 15 0.6 2/16/84 1.8 15 6:1 for exploratory
50-75 0.7 29 0.04 d purposes

15+70 p 15+70 LOR 1388.6 30E 0-25 5.7 10 1.2 2/10/84 1.5 10 6:1
25-50 3.7 15 0.4 2/15/84 1.7 15 6:1

15+80 p 15+80 LOR 1388.2 30E 0-25 6.8 10 1.4 2/10/84 4.9 10 6:1
25-50 5.5 15 0.5 2/15/84 5.8 15 6:1

15+90 p 15+90 LOR 1388.1 30E 0-25 6.8 10 1.4 2/10/84 3.1 10 6:1
25-50 5.3 15 0.5 2/15/84 1.1 15 6:1

16+00 p 16+00 2.0R 1388.9 30E 0-25 0.0 10 0.0 d
25-50 2.0 15 0.2 2/15/84 1.1 ,15 6:1

16+05 S 16+05 LOR 1388.7 30E 0-25 5.5 10 1.1 2/15/84 1.1 ·10 6:1
16+10 p 16+10 LOR 1388.5 30E 0-25 9.4 10 1.9 2/10/84 9.9 10 6:1

25-50 9.3 10 1.1 3/14/84 4.2 6 6/5:1
16+15 S 16+15 LOR 1388.5 30E 0-25 ' 8.8 10 1.8 2/15/84 2.9 10 6:1
16+20 p 16+20 2.0R 1388.4 30E 0-25 12.5 10 2.6 2/9/84 17.3 10 6/4:1

25-50 0.1 7 0.01 d
16+21. ~ Q1 16+20.8 2.0R 1388.4 30E 0-25 4.0 7 1.0 3/13/84 0.7 6 6:1
16+22.5 T 16+22 2.0R 1388.2 30E 0-25 1.8 10 0.4 2/16/84 33.2 10 6/2~:1
16+23. f Q1 16+23.3 2.0R 1388.2 30E 0-25 2.3 7 0.6 3/13/84 1.3 6 6:1
16+25 S 16+24.5 2.0R 1388.0 30E 0-25 13.8 10 2.9 2/15/84 30.1 10 6/2:1
16+27.5 T 16+28 2.0R 1387.8 30E 0-25 5.4 10 1.1 2/16/84 6.6 10 6:1
16+30 p 16+30 2.0R 1387.6 30E 0-25 12.2 10 2.5 2/ 9/84 14.2 10 6/4~:1

25-50 0.8 7 0.1
16+35 S 16+35 2.0R 1387.4 30E 0-25 1.9 10 0.4 2/15/84 0.8 10 6:1

25-50 2.3 15 0.2 3/15/84 1.0 14 6:1
16+40 p 16+40 2.5R 1386.0 30E 0-25 1.3 11 0.3 3/13/84 0.7 9 6:1

25-50 0.6 7 0.08 d
16+50 P 16+49.5 2.5R 1383.1 30E 0-25 0.8 7 0.2 3/13/84 0.8 6 6:1

25-50 1.6 15 0.2 3/15/84 0.5 14 6:1
16+60 p 16+59.5 2.8R 1378.7 30E 0-25 0.0 6 0.0 d

25-50 1.3 15 0.1 3/15/84 0.5 14 6:1

SEE SHEETS 14 a 15 FOR EXPLANATORY NOTES. SHEET 6 OF 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION G.S. INCLI- PRESSURE TESTING GROUTING
HOLE SE- DEPTH DATE
NO. RIES ELEV. NATION! K REMARKS

DAM OFF- ( ft.) FLOW PRESS. GROUTED TAKE PRESS. MIX
(ft. ) BEARING VALUE

STATION SET (Q p m) (pII)
(ft.! day) (Ioekl) (Pli) (W!C)

16+70 P 16+68.5 2.3R 1374.2 30E 0-25 0.1 8 0.02 d
25-50 0.6 15 0.06 d

16+80 P 16+78.5 LOR 1371. 9 30E 0-25 0.8 7 0.2 3/13/84 0.5 6 6:1
25-50 1.3 15 0.1 3/15/84 1.0 14 6:1

16+90 p 16+88 0 1372.0 30E 0-25 0.0 6 0.0 d
25-50 0.8 15 0.08 d

17+00 P 16+99 0 1372.5 30E 0-25 0.0 7 0.0 d
25-50 0.0 15 0.0 d

17+10 P 17+09 0 1371. 9 30E 0-25 0.1 7 0.03 d
25-50 0.7 15 0.07 d

17+20 P 17+20 0 1371.4 30E 0-25 0.7 7 0.2 3/14/84 0.3 6 6:1
25-50 0.9 15 0.09 d

17+30 P 17+30 0 1370.7 30E 0-25 0.0 7 0.0 d
25-50 0.0 15 0.0 d

17+40 P 17+40.5 0 1372.0 30E 0-25 0.0 7 0.0 d
25-50 0.0 15 0.0 d

17+50 P 17+49 0 1372.3 30E 0-25 0.0 7 0.0 d
25-50 0.0 15 0.0 d

104C E 17+49 20L 1373.3 vert. 0-46.1 0.0 7 0.0 d
17+60 P 17+59 0 1373.8 30E 0-25 0.0 7 0.0 d

25-50 0.2 15 0.02 d
17+70 P 17+69 0 1374.6 30E 0-25 0.9 7 0.2 3/13/84 0.3 6 6:1

25-50 0.9 15 0.09 d
17+80 P 17+79 LOR 1375.0 30E 0-25 1.9 7 0.5 3/13/84 0.3 6 6:1

25-50 0.7 15 0.07 d
17+90 P 17+90 2.0R 1375.6 30E 0-25 0.0 7 0.0 d

25-50 1.7 15 0.2 3/16/84 0.3 14 6:1
18+00 p 17+99 LOR 1375.7 30E 0-25 2.8 7 0.7 3/13/84 0.4 6 6:1

25-50 0.8 15 0.08 d
18+10 P 18+09 0 1375.1 30E 0-25 9.1 7 2.3 3/15/84 2.7 6 6:1

25-50 1.7 15 0.2 3/16·/84 0.4 14 6:1
18+20 p 18+20 0 1374.7 30E 0-25 0.9 7 0.2 3/15/84 0.3 6 6:1

?"i-"iO o "i 15 0.05 d

SEE SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEET 7 Of 15 SHEETS
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TABLE e. NEW.RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE

NO. RIES ELEV. NATIONI
(ft.) K REMARKS

DAM OFF- FLOW PRESS. GROUTED TAKE PRESS. MIX
( ft.) BEARING VALUE

STATION SET (lIpm) (pal)
(ft. I day)

(aocka) (pai) (W/C)

CO

18+30 P 18+30 0 1374.0 30E 0-25 0.0 7 0.0 d
25-50 1.0 15 0.1 d

18+40 p 18+40 0 1373.5 30E 0-25 0.0 7 0.0 d
~

25-50 2.6 15 0.3 3/16/84 0.5 14 6:1
18+50 p 18+51 0 1372.8 30E 0-25 0.0 7 0.0 d

25-50 1.9 17 0.2 3/16/84 0.6 14 6:1
18+60 p 18+61 0 1371.3 30E 0-25 1.4 7 0.4 3/15/84 1.0 6 6:1

25-50 2.9 15 0.3 3/16/84 0.5 14 6.:1
18+70 p 18+70 0 1368.4 30E 0-25 0.0 7 0.0 d

25-50 7.7 20 0.7 3/16/84 0.6 14 6:1
18+80 p 18+80.5 0 1367.4 30E 0-25 0.0 7 0.0 d

25-50 0.8 15 0.08 d
18+90 P 18+90 0 1366.5 30E 0-25 0.0 7 0.0 d

25-50 0.5 15 0.05 d
19+00 P 19+00 0 1368.2 30E 0-25 0.0 7 0.0 d

25-50 0.2 15 0.02 d
19+10 P 19+10 D.5R 1369.0 30E 0-25 0.0 7 0.0 d zone 3 drilled

25-50 0.1 15 0.01 d for exploratory
50-75 0.6 29 0.03 d purposes

19+20 p 19+20 LOR 1369.4 30E 0-25 0.0 7 0.0 d I25-50 0.0 15 0.0 d I
19+30 P 19+30 LOR 1369.8 30E 0-25 0.0 7 0.0 d

25-50 0.0 15 0.0 d
19+40 P 19+40 0.5R 1369.2 30E 0-25 0.0 7 0.0 d

25-50 0.5 15 0.05 d
19+50 P 19+49 0 1369.7 30E 0-25 0.0 7 0.0 d ...,

25-50 0.0 15 0.0 d
19+60 P 19+60 0 1368.8 30E 0-25 0.0 7 0.0 d

25-50 0.4 15 0.04 d
19+70 P 19+70 0 1369.2 30E 0-25 0.0 7 0.0 d

25-50 0.7 15 0.07 d
19+80 P 19+80 0 1368.7 30E 0-25 0.0 7 0.0 d

25-50 0.9 15 0.09 d

SEE SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEET 8 Of 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE
NO. RIES ELEV. NATION/ K REMARKS

DAM OFF- ( ft.) FL.OW PRESS. GROUTED TAKE PRESS. MIX
(ft.) BEARING VALUE

STATION SET (Ilpm) (psi)
(ft. I do,.) (sacks) (psi) (W/C)

19+90 P 19+90 0 1368.3 30E 0-25 0.0 7 0.0 d
25-50 0.8 15 0.08 d

20+00 P 20+00 0 1367.9 30E 0-25 0.0 7 0.0 d
25-50 0.1 15 0.01 d

20+20 . P 20+20· 0 1368.3 30E 0-25 0.0 7 0.0 d
25-50 0.5 15 0.05 d

20+40 P 20+40 0 1368.2 30E 0-25 0.1 7 0.03 d
25-50 0.0 15 0.0 d

20+60 P 20+60 0 1367.4 30E 0-25 0.2 7 0.05 d
25-50 0.4 14 0.04 d

20+80 P 20+80 0 1366.6 30E 0-25 0.4 7 0.1 d
25-50 0.0 15 0.0 d

20+99 P 20+99 l.OL 1366.5 30W 0-25 0.0 7 0.0 d
25-50 0.1 15 0.01 d

21+00 P 21+00 l.OR 1366.5 30E 0-25 0.0 7 0.0 d
25-50 0.0 15 0.0 d

21+01 P 21+01 0 1366.5 vert. 0-25 0.2 7 0.05 d
25-50 0.2 15 0.02 d

alluvial found-·
ation between
stations 21+06
and 29+64

29+70 p 29+69 7.0L 1356.0 15E 0-25 0.0 15 0.0 d
25-50 11.0 15 1.0 1/13/84 27.0 15 6/2:1

29+72.5 T 29+71.5 5.0L 1355.5 12~E 0-50 0.0 10 0.0 d
29+75 S 29+74 6.0L 1355.5 10E 0-50 10.9 10 1.2 1/18/84 49.4 15 6/2:1
29+77.5 T 29+77 5.0L 1354.5 5E 0-50 0.0 10 0.0 d

50-75 16.9 25 0.9 1/27/84 51.6 25 6/1~:1
29+78.3 Ql

29+78.5 6.0L 1354.5 2~E 0-75 0.5 25 0.03 d
101C E 29.79 5.5L 1353.5 vert. 0-66 4.9 10 0.3 2/8/84 2.1 10 6:1 tight 23-66ft.

29+80 p 29+80 7.0L 1352.5 vert. 0-25 0.0 15 0.0 d
25-50 0.5 15 0.05 1/13/84 1.3 15 6:1
50-75 16.3 25 0.9 1/24/84 62.3 25 6/1:1

SEE SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEET 9 OF 15 SHEETS
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TABLE 8. NEW RIVE.R DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE
NO. RIES ELEV. NATIONI

(ft.1 K REMARKS
DAM OFF- FLOW PRESS. GROUTED TAKE PRESS. MIX

(ft. ) BEARING VALUE
STATION SET (qpm) (psi)

(ft. I day) (sacks ) (psi) (w/c)

29+82.5 T 29+81 8.0L 1353.3 7~W 0-50 0.2 15 0.02 d
50-75 0.1 25 0.01 d

29+85 S 29+85 6.0L 1352.5 15W 0-50 5.4 15 0.5 1/18/84 0.6 15 6:1
50-75 5.1 25 0.3 1/27/84 5.2 25 6:1

29+87.5 T 29+88 5.5L 1352.5 22~W 0-50 0.1 15 0.01 d
50-75 0.3 25 0.02 d

29+90 p 29+92 4.8L 1351. 6 30W 0-25 0.0 10 0.0 d
25-50 2.7 15 0.3 1/14/84 10.1 15 . 6/4: 1
50-75 7.8 25 0.5 1/24/84 10.7 25 6:1

29+95 S 29+97 4.5L 1352.1 30W 0-50 2.0 15 0.2 1/18/84 0.9 15 6:1
30+00 p 30+00 3.8R 1351. 2 30W 0-25 0.0 10 0.0 d

25-50 4.0 15 0.4 1/14/84 2.2 15 6:1
50-75 7.1 25 0.4 1/24/84 2.9 25 6:1

30+10 p 30+11.5 4.5R 1351. 3 30W 0-25 0.0 15 0.0 d
25-50 1.5 15 0.1 1/14/84 0.3 15 6:1
50-75 13.0 25 0.8 1/27/84 15.3 25 6/4:1

30+15 S 30+15 ;5.0R 1352.1 30W 0-75 0.4 25 0.02 d
30+20 P 30+20 4.1R 1352.8 30W 0-25 0.0 14 0.0 d

25-50 0.0 15 0.0 d
50-75 19.2 25 1.1 1/24/84 86.1 25 6/1:1

30+30 p 30+31. 5 2.6L 1352.8 30W 0-25 0.0 15 0.0 d

- 25-50 1.4 15 0.1 1/14/84 0.3 15 6:1
50-75 3.1 25 0.2 1/28/84 1.6 25 6:1

30+40 p 30+40 3.6L 1353.0 30W 0-25 0.0 15 0.0 d
25-50 1.1 15 0.1 1/14/84 0.3 15 6:1
50-7.? 20.1 25 1.2 1/25/84 72.8 25 6/1:1

30+50 p 30+49 4.4L 1351.7 30W 0-25 0.0 8 0.0 d
25-50 4.0 15 0.4 1/14/8~ 1.9 15 6:1
50-75 0.0 25 0.0 d

30+60 P 30+58.5 3.6R 1352.0 30W 0-25 0.0 10 0;0 d
25-50 5.4 15 0.5 1/14/8l 2.0 15 6:1
50-75 18.3 25 1.1 1/25/8l 80.1 25 6/1:1

SEE SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEET 10 OF 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE - DEPTH DATE
NO. RIES ELEV. NATION/ K REMARKS

DAM OFF-
(ft. ) BEARING

(ft.1 FLOW PRESS. VALUE GROUTED TAKE PRESS. MIX
STATION SET (Qpm) (pII)

(ft.! do)') (sockl) (pli I (W!C)

30+65 S 30+68 0 1351. 9 30W 0-75 0.7 25 0.04 d
30+70 P 30+72 0 1351. 7 30W 0-25 0.0 16 0.0 d

25-50 0.3 15 0.03 d
50-75 7.5 25 0.4 1/28/84 9.5 25 6/5:1

30+75 S 30+76 0 1352.8 30W 0-75 0.5 25 0.03 d
30+80 P 30+78.5 3.0L 1353.0 30W 0-25 0.0 19 0.0 d

25-50 2.1 15 0.2 1/ 16/8~ 0.1 15 6:1
50-75 14.4 25 0.9 1/25/8L 54.3 25 6/1:1

30+90 p 30+91 0 1354.1 30W 0-25 0.0 10 0.0 d
25-50 2.3 15 0.2 1/16/8L 2.1 15 6:1
50-75 1.5 25 0.09 d

31+00 P 31+00. : 0 1354.5 30W 0-25 0.0 10 0.0 d see sheet 13 fo
25-50 2.1 15 0.2 1/16/8l 2.7 15 6:1 grouting record
50-75 7.5 25 0.4 1/25/8L 15.8 25 6/3:1 of hole 3l+10P

31+15 S 31+15 2.3L 1354.4 30W 0-50 1.2 15 0.1 1/18/8l 0.7 15 6:1
31+20 P 31+20 2.6L 1355.5 30W 0-25 0.0 12 0.0 d

25-50 11.0 15 1.1 1/16/8l 16.0 15 6/4:1
50-75 2.2 25 0.1 1/25/8l 2.4 25 6:1

31+25 S 31+25.5 3.1L 1355.8 30W 0-50 0.0 10 0.0 d
100e E 31+28.5 6.0L 1354.9 vert 0-66.6 6.5 15 0.3 2/6/84 7.4 10 6/5: 1

31+30 P 31+31 4.9L 1355.4 30W 0-25 0.0 13 0.0 d
25-50 6.7 15 0.7 1/20/8~ 17.8 15 6/3:1
50-75 0.0 25 0.0 d

31+35 S 31+36 4.4L 1354.8 30W 0-50 0.3 10 0.04 d
31+40 P 31+43.5 0 1353.1 30W 0-25 0.7 10 0.1 l/l2/8~ 0.1 10 6:1

25-50 2.0 15 0.2 1/20/8~ 0.6 15 6:1
50-75 13.2 25 0.8 1/26/8~ 21.6 25 6/4:1

31+50 P 31+50. : 0 1355.7 30W 0-25 5.0 10 1.0 1/12/8" 2.1 10 6:1
25-50 1.8 15 0.2 1/21/8!l 0.7 15 6:1
50-75 0.2 25 0.01 d

31+60 P 31+60 0.7R 1359.7 30W 0-25 0.0 10 0.0 1/12/8q 0.2 10 6:1 grouted by acci
25-50 7.2 15 0.7 1/21/8!l 5.5 15 6:1 dent
"(\_7" 11> lJ. 7') , (\ 1 /?f. fA/, <:;7 ? ?<;; e:../lk·l

SEE SHEETS 14 a 15 fOR EXPLANATORY NOTES. SHEET II OF 15 SHEETS
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TABLE e. NEW RIVER DAM, ARIZONA - FOUNDATION GROUTING SUMMARY

er

HOLE LOCATION
G.S. INCLI- PRESSURE TESTING GROUTING

HOLE SE- DEPTH DATE
NO. RIES ELEV. NATION/ K REMARKS

DAM OFF- (ft.) FLOW PRESS. GROUTED TAKE PRESS. MIX
(ft. ) BEARING VALUE

STATION SET (QPm) (pI I)
(ft. I day) (sacks) (psi) (W/C)

31+70 P 31+70 0 1365.0 30W 0-25 0.0 12 0.0 1/12/8~ 0.1 5 6:1 grouted zone 1
25-50 5.8 15 0.6 1/21/8~ 3.6 15 6:1 due to initial
50-75 0.1 25 0.01 d high water takes

31+80 p 31+79 0 1372.2 30W 0-25 4.5 5 1.4 1/17/8~ 0.2 5 6:1
25-50 2.6 15 0.3 l/21/8~ 1.5 15 6:1
50-75 3.0 25 0.2 l/26/8~ 1.1 25 6:1

DD..;.23 31.86 2.2R 1379.2 vert 0-25 0.0 10 0.0 d
31+90 p 31+87 0 1380.0 30W 0-25 0.2 5 0.06 d

25-50 4.2 15 0.4 1/21/8~ 1.2 15 6:1
50-75 4.5 25 0.3 1/28/8~ 0.8 25 6:1

31+95 p 31+94.: 2.0L 1386.4 30W 0-25 8.6 5 2.7 1/17/81. 3.3 5 6/5:1
25-50 3.1 15 0.3 1/21/81. 0.6 15 6:1
50-75 21.6 25 1.3 1/26/81. 50.6 25 6/1:1

DD-22 31+96 3.8R 1387.8 60\-1 0-25 0.1 10 0.02 d
32+00 P 32+01 1.5R 1392.3 30W 0-25 0.0 5 0.0 d

25-50 4.1 15 0.4 1/21/81. 1.1 15 6:1
50-75 4.9 25 0.3 1/28/81. 5.9 25 6/5:1

32+05 S 32+05.: 0 1397.5 30W 0-25 7.2 10 1.5 1/26/81. 6.5 10 6/5:1
25-50 0.0 15 0.0 d

32+10 P 32+09.: 0 1400.5 30W 0-25 9.2 5 2.8 1/17/81. 40.7 5 6/2:1
25-50 14.7 15 1.5 1/21/8l 77 .2 15 6/1:1
50-75 0.1 25 0.01 d

32+15 S 32+13. : 0 1403.7 30W 0-25 6.1 10 1.3 1/26/8l 3.2 10 6:1 packer leaked
32+17 p 32+17.: 0 1406.4 30W 0-25 8.5 10 1.8 1/23/8l 13.0 10 6/5:1 grout leak at

25-50 3.3 15 0.3 3/7/84 2.4 15 6:1 sta. 32+21. 5, 21
after 1 hr; leal
sealed; no furtlll

32+21 S 32+21 0 1408.7 30W 0-25 0.5 10 0.1 3/6/84 0.0 7 6:1 grout take
32+24 p 32+24 2.0R 1408.9 30W 0-25 surf ce 1 ~aks 3/2/84 2.2 8 6:1 surface leaks

25-50 0.0 15 0.0 d
32+27 S 32+27 0 1414.6 30W 0-25 0.1 10 0.02 d
32+30 P 32+30 0 1416.5 30W 0-25 surf ce 1 aks 3/2/84 12.6 8 6/3:1 surface leaks

25-50 3.1 15 0.3 3/7/84 1.4 15 6:1

SEE SHEETS 14 8 15 FOR EXPLANATORY NOTES. SHEET 12 QF 15 SHEETS
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TABLE 8. NEW RIVER DAM, ARIZONA -FOUNDATION GROUTING SUMMARY

er

er

62

HOLE LOCATION G.S. INCLI- PRESSURE TESTING GROUTING
HOLE SE- DEPTH DATE

NO. RIES ELEV. NATIONI
(ft.) K REMARKS

DAM OFF- FLOW PRESS. GROUTED TAKE PRESS. MIX
( ft.) BEARING VALUE

STATION SET (gpm) (pII)
ft. I day)

(tacks) (Pli) (W/C)

32+34 S 32+34 0 1419.1 30W 0-25 0.8 10 0.2 3/6/84 3.3 . 7 6/5:1
32+37 p 32+37.5 1.5R 1419.8 30W 0-25 surf" ce IE aks 3/2/84 4.4 6 6/5:1

25-50 0.0 20 0.0 d
32+45 P 32+45 0 1428.5 30W 0-25 6.5 10 1.3 3/2/84 0.3 6 6:1

25-50 5.8 16 0.6 3/7/84 4.0 15 6/5:1
32+52 p 32+52 0 1433.5 30W 0-25 1.2 7 0.3 3/5/84 0.2 7 6:1 grout leak

25-50 6.8 18 0.7 3/7/84 2.8 15 6:1
32+60 p 32+60 0 1438.4 30W 0-25 6.0 10 1.2 3/5/84 0.2 7 6:1 leak at sta. 32~1

25-50 1.0 15 0.09 d
32+67 P 32+67 0 1441.7 30W 0-25 sur ace eaks 3/5/84 0.6 7 6:1
32+75 p 32+75 0 1445.0 30VJ 0-25 6.4 10 1.3 3/5/84 0.1 7 6:1
32+79 S 32+79.5 0 1451.0 30W 0-25 0.1 10 0.02 d
32+82 P 32+82 0 1452.5 30W 0-25 surf.: ce 1 aks 3/5/84 0.1 7 6:1
32+86 S 32+86 0 1454.1 30W 0-25 0.2 10 0.04 d
32+90 P 32+90 0 1457.6 30W 0-25 2.1 8 0.5 3/5/84 0.1 7 6:1
32+97 p 32+97 0 1460.2 30W 0-25 10.2 10 2.1 3/5/84 1.2 7 6:1
33+05 p 33+05 0 1470.0 30W 0-25 12.0 10 2.5 3/5/84 1.8 7 6:1 tes ted with pad< E

at 7 ft. due to
surface leaks

33+11 p 33+11 0 1472.8 30W 0-25 0.8 7 0.2 3/5/84 0.2 7 6:1 tested with pac~ E

at 7 ft. due to
surface leaks

33+17 p 33+17 0 1477.6 30W 0-25 0.0 7 0.0 d
31+10 P 31+09. c 0 1354.5 30W 0-25 0.0 10 0.0 d inadvertently

25-50 3.0 15 0.3 1/16/84 0.9 15 6:1 omitted from
50-75 0.4 25 0.02 d sheet 11

SEE SHEETS 14 a 15 FOR EXPLANATORY NOTES. SHEET 13 OF 15 SHEETS



TABLE 8. FOUNDATION GROUTING SUMMARY

(notes)

1. Hole numbers correspond to approximate dam stationing and were determined
before final surveying.

2. DD-22 and DD-23 are pre-construction core holes which were incompletely
backfilled after drilling.

3. Hole series designations are as follows: P = primary grout hole;
S = secondary grout hole; T= tertiary grout hole; Q1 = quaternary grout

hole; Q2 = quinary grout hole; E = exploratory grout (core) hole.

4. Grout hole locations are shown using dam stationing and feet offset (if
any) left (upstream) and right (downstream) of dam centerline as determined by
tape measure.

5. Grout hole elevations were determined from dam centerline survey data.

6. Grout hole inclinations are measured from the vertical.

7. Grout hole bearings, designated by an "E" or "W", generally parallel the
dam axis, which is approximately N77oE.

8. Only the lowermost zone in a split-spaced grout hole required pressure
testing and possible grouting if the depth interval shown spans more than one
zone.

9. Pressure test data is tabulated as follows: Flow (Q) is measured in
gallons per minute. Pressure is the gage pressure in pounds per square inch
measured at the top of the hole. Permeabilities (K values) for each grout
hole depth interval are measured in feet per day as determined by the formula:

K = (30.64 In 9.6L) (Q)
(L) (Ht )

based on a hole diameter of 2-1/2 inches and where Ht equals the average
vertical depth of the test interval (~) plus the water pressure at the top of
the hole (Hp_~ in feet. Hp is determined by multiplying the gage pressure by
2.31. For NW size exploratory grout holes and core holes, the formula is:

K = (30.64 In 8L) (Q)
(L) (Ht )

SHEET 14 OF 15 SHEETS



TABLE 8. (Continued)

10. Permeabi1ities (K values) are not calculated where drill water return was
lost because of the probable heterogeneous nature of the interval
permeability.

11. In order to normalize permeabi1ities calculated for split-spaced grout
holes, it was assumed that the K value shown reflects only the lowermost 25
ft. zone. In addition, is was assumed that any grout injection would occur
only in that lowermost zone.

12. Depth intervals in which grouting was deferred are so designated by the
letter ltd".

13. Mix ratios are the volume proportion of dry cement: water. When more
than one ratio is indicated, the grout was thickened incrementally within the
range shown.
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Ground water elevation
and year measured.

LEGEND
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(projected) I

OW-3
(projected)

V 1320 (1985)

(A- 5-1)
26bca

DAM

I
I

I~

OW-I

DOWNSTREAM--

1362(984)
1357( 1985) v

1351(1985) .! 1344 (985)- _ - ---
..,/ "" ... , 1320(985) _!- - - - -

/ "v_--------.__:>
I '- r15~

I ""I / ........ ?

I /138'

" 147' / 190'

: ''l/(approx. top of bedrock
I ., /,,,

I
I
I
J

1029 I

(1984) "
~

1100

1300

(A-4-1)
Ibaa

1400

1500

~1200

I-
~

>
W
...J
W

I
W
W
lL.

1000

900

/
/

(A-5-I) 10aob Well number

OW-I Observation well and number

1 Well, depth is in feet

190'

660'

NOTE:

See tables 3,4 and 5 for observation
well data and figure 2 for typical
observation well installation.
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DISTANCE (FEET)

15,000

FIGURE I. NEW RIVER DAM-GROUND WATER BASIN PROFILE



ground
surface-'1

1~-inch I.D.
schedule 40

PVC pipe

Gravel backfill
inside 8-inch
casing to well
bottom

4 ft. of
2-ply casing L-

Drive
shoe

pvc Ca p

stickup

starter

1~-inch annulus
grouted from

ground surface to
10-ft. depth.

8-inch metal casing

Mills knife perforations
( 0/16 X 2 3/4 0 r 3- inc h s lot s ,
spaced 7 per foot) begin
ning at 25 ft. depth.

4 ft. well screen on 2-inch
drive point.

NOT TO SCALE

FIGURE 2. TYPICAL OBSERVATION WELL



IOOC

(STA. 31+28.5, 6' L)

12

ANDESITE (Tva): medium to dark gray, hard, generally unweathered
aphanitic, moderately to highly fractured, numerous shattered
to brecciated zones from 2 to 12 inches thick between 10 and
60 feet; fracture surfaces are smooth to moderately rough,
generally coated with black oxidation or reddish-brown to
green clay; heavy clay coating between 0 and 3 feet, light
clay coating between 3 and 15.5 feet and sporadic clay coat-
ing below 15.5 feet; calcite lined fractures pesent below 40
feet; fractures dip predominantly 45 to ao degrees from the
horizontal; 3-inch wide brecciated and rehealed fracture dip
ping 70 degrees between 42.1 and 44.0 feet; grout and clay
present along maximum 1/4-inch wide fracture dipping 60 de
grees between 61.6 and 62.2 feet.

CORE WATER ROD

DEPTH LOSS RETURN 0/0

6

65

36

50

22

0

24

66

47

31

23

100% 0

B

64

29

EL.1354.9 DESCRIPTION

17

43

3466.6' -J..__L.-_..L-_-'-- --J

NOTES:

I. Total core recovery 85 percent.

2. See table 8, Foundation grouting summary, for
pressure test and grouting data.

FIGURE 3. LOG OF EXPLORATORY CORE HOLE IOOC.



IOIC

(STA. 29+79. 5.5' L)

I
ANDESITE (Tva): medium to dark gray, hard, generally unl'leath-'
ered, aphanitic, highly fractured to shattered between 0 and
33.2 feet; moderately to highly fractured below 33.2 feet; ap
proximately 25 percent of the" core is shattered to brecciated
in zones from 1 to 12 inches thick; fracture surfaces are
smooth to moderately rough, generally coated with black oxida
tion or reddish-brown to green clay; heavy clay coating be
tween 0 and 7 feet, light clay coating between 7 and 61 feet,
clay absent below 61 feet; fractures dip predominantly 45 to
80 degrees from the horizontal; grout and clay partially to
completely fill fractures of various orientations in hi£hly
fractured to shattered core between 48 and 52 feet;grout
fills I/B~inch wide,60 degree dipping fracture between
55.2 and 55.4 feet, grout partially fills lIB'!wide,45 degree
dipping fracture between 55.6 and 56.1 feet, grout seams and
pockets maximum 1/4-inch wide in brecciated and rehealed zone
between 56.5 and 61.1 feet.

CORE WATER RQD

DEPTH LOSS RETURN 0/0

0

0

0

0

31

19

29

0

100%

,......- 40

9

79

EL.1353.5 DESCRIPT ION

o

-
48

53

12

66.4 I ~_---l__L-_...1...... ----4

NOTES:

I. Toto I core recovery 99 percent.
2. See table 8. Foundation grouting summary, for

pressure test and grouting data.

FIGURE 4. LOG OF EXPLORATORY CORE HOLE 101 C.



I02C

(STA. 12+78.5, 1.5 L )

GRANITE (gr): light-gray to reddish-brown, medium to coarse
grained, hard, moderately to highly fractured, slightly weath
ered; moderately soft and highly weathered between 4.3 and 5.2
feet·, shattered to brecciated between 0 and 3.5 feet; scatter
ed highly fractured to shattered zones· from 0.1 to 2 feet
thick throughout core; possible % inch wide shear
zone dipping 60 degrees from the horizontal composed

of decomposed granite between 27.0 and 27.3 feet;
fracture surfaces are generally smooth and occasion
ally rust stained or calcite lined:fractures dip
predominantly 40 to 90 degrees from the horizontal;
Ye t 0 ~ - inc h wid e sea ms 0 f g r 0 u t par t i a I I y t 0 com ~

pletely fill approximately 50 percent of the frac~

t u res bet wee n 22. 1 and 30 fee t; Ye - inc h wid e sea ms af
grout completely fill fractures between 32.4 and

33.6 feet.

CORE WATER ROD

DEPTH LOSS RETURN 0/0

0

0

33

43

44

100%

27

28

51

20

38.3
1

0% 29

41.9'

EL.1397.3 DESCRIPTION

NOTES:

I. To tal core recovery 88 percent.
2. See table 8 I Foundation grouting summary, for

pressure test and grouting data.

FIGURE 5. LOG OF EXPLORATORY CORE HOLE· 102 C.



I03C

(STA. 13 +29, 2.7' l )

CORE WATER RQD
DEPTH LOSS RETURN "/0

0

38

I 22

GRANITE:(gr): light-gray to reddish-brown,medium to
coarse grained,moderately hard to hard,moderately
to highly fractured,slightly to moderately weathered;
highly fractured to shattered,moderately to highly
weathered between 0 and 2.3 feet; scattered highly
fractured to scattered zones from 0.1 to 2 feet thick
throughout core; fracture surfaces are generally
smooth and occasionally rust stained or calcite lined;
fractures dip predominantly 30 to 80 degrees from the
horizontal;l/eto %-inch wide seams of grout partially
to completely fi I I approximately 50 percent of the
fractures between 18.2 and 45.0 feet,oeeasional
calcite also present; I-inch (maximum) wide grout
filled fracture dipping 75°between 23.7 and 24.5 feet;
J1-inch wide grout filled fracture dipping 10 degrees
at 40.4 feet and I~inch wide brecciated and rehealed
zone dipping 60 degrees between 41.8 and 42.4 feet
filled wi th grout and ca lei teo

23.5' -

29.2' -

34.3' -

36.3' -
37 .a' -

45.0'

100% 38

-
58

-
68

30% 84

100% 71

30% 37
0%

70
I---

100%
6

NOTES:

EL 13930 DESCRIPTION

I. Toto I core recovery 93 percent.
2. See table a, Foundation grouting summary, for

pressure test and grouting dota.

FIGURE 6. LOG OF EXPLORATORY CORE HOLE I03C



I04C

(STA. 17+49, 20 ' l)

CORE WATER ROD
DEPTH LOSS RETURN % EL.1373.3 DESCRIPTION

o

o SHEAR ZONE: contains soft to moderately soft,highly
o weathered to decomposed,occasionally rust-stained
o diorite; occasional red clay seams,hard nodules of

fresher diorite and slickensides.

15.7'

100%

8

24

22

8

22

DIORITE(d): medium to whitish-graY,medium to coarse
grained; soft to moderately hard,moderately to high-
I y wea the red, high I Y f rac tu red to sha t te red be tween
15.7 and 33.0 feet; moderately hard to hard,sli£htly
to moderately weathered,moderately to highly frac
tured between 33.0 and 43.7 feet; fracture surfaces
are generally smooth and usually coated with calcite,
rust staining,or claY;slickensides frequently present
fractures dip predominantly 30 to 70 degrees from the
horizontal.

SHEAR ZONE; contains yellowish-brown,hard,highly
horizontal sheared diorite; thin shears dip 70
degr ees f r I) m the h0 r i z0 nt a I .and are spa ced Va t 0 %
inch apart; rock is dark btown,altered,hard,bre
cciated and rehealed between 45.1 and 45.6 feet.58

28

43.7'
45.6' --.L.._---l__L-_...l.- ---'

NOTES:

I. Toto I core recovery 64 percent.
2. See table 8, Foundation grouting summary, for

pressure test and grouting data.

FIGUR E 7. LOG OF EXPLORATORY CORE HOLE I04C
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\Final excavation line

\
\

STEP-DRILLING PLAN

I. Drilled e'xe' pattern; hole depths varied from
6 to 20 feet.

2. Slope holes drilled to within I foot above final
excavation line.

3. Poduction holes dri lied down to bench elevat ion.
4. Holes loaded with Atlas ANFO with I stick of

I 3/4" x e" Atlas Power Primer in bottom of each
hole.

5. Shot delayed in following order (E through A) with
mi II isecond de lays.

FIGURE 9. APPROVED SPILLWAY BLASTING PLAN
ABOVE BENCH
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TRIM BLAST PLAN

I. Drilled 6'x6'. a'xa' or g'xg' production hole pattern;

hole depths averaged 22 feet.
2. Trim line holes drilled along final excavation lines

on 4-foot centers.
3. Breaker hole spacing some as production hole spacing i

however, the burden was genera II)' 6 to 7 feet. Hole depths
averaged II feet and drilled to within I foot above

final excavation line.
4. Production and breaker holes loaded with ANFO with I stick

of I 3/4" x a" Atlas Power Primer in bottom .of each hole.

5. Trim line holes loaded with Atlas Kleen Kut powder.
6. Shot delayed in following order (0 through A) with mi Ilisecond

delays.
7. Invert buffer zone shot using plan similar to figl,lre 9 . Holes

drilled on 6 x 6 foot pattern with I foot of subdrillinQ.

FIGURE 10. APPROVED SPILLWAY BLASTING PLAN
BELOW BENCH





Photo 1. Upstream face of dam embankment as viewed from
spillway excavation. 20 March 1985

Photo 2. View of dam embankment crest and upstream face
looking toward right abutment. 20 March 1985



Photo 3. Landscaped downstream face of dam embankment as
viewed from spillway access road. 20 March 1985

Photo 4. Landscaped downstream face of dam embankment and
right abutment contact area as viewed from outlet channel.
Note abutment staging platform excavation above dam crest.
18 April 1985



Photo 5. Upstream face of dam embankment and left abutment
contact area. 18 April 1985

Photo 6. Looking downstream at main access road, energy
dissipator, gaging station bridge, and outlet channel from
crest of dam. 19 April 1985



Photo 7. Looking upstream at energy dissipator and down
stream face of dam embankment from gaging station bridge.
20 March 1985

Photo 8.
crest of
19 April

Approach channel to intake structure as viewed from
dam. Note ditch to intercept slope runoff at right.
1985



Photo 9. Intake structure and trash rack. Note grouted
stone section of approach channel. 19 April 1985

Photo 10. Spillway excavation as viewed from upstream
borrow area. Miscellaneous fill area in center of photo
and right abutment of dam at left. 19 April 1985



Photo 11.
upstream.

View of completed spillway excavation looking
20 March 1985

'",;" /.-~ :.: .-

Photo 12. Looking upstream at north wall of completed spill
way excavation. Note concrete sill on lower slope. South
wall bench at right. 20 March 1985



Photo 13. Crest and upstream face of dike No. 1 embankment
as viewed from south abutment. Note grouted stone gutter
along embankment toe. 20 March 1985

Photo 14. View of landscaped downstream face of dike No.
embankment looking toward south abutment. 20 March 1985



Photo 15. Downstream face of dike No.2 embankment.
20 March 1985

Photo 16. Stage III dam embankment construction as viewed
from right abutment staging platform. Note zoned embankment,
including downstream horizontal toe drain at right.
9 October 1984



Photo 11. Stage I dam embankment fill placement. Note
breach in Stage I diversion levee to allow equipment access.
28 February 1984

Photo 18. Upstream face of nearly completed Stage II dam
embankment. Closure section will tie into sloping portion
of embankment at right. 11 October 1984



Photo 19. Stage III dam embankment construction at
approximately elevation 1420. Completed Stage II embankment
with upstream stone protection at left. 25 October 1984

Photo 20. View of completed Stage II excavation to station
16+50. Note Stage I diversion levee and right abutment in
background. 14 January 1984



Photo 21. Vi,ew of Stage II diversion levee protecting
completed Stage II excavation to station 26+50. Note Stage
I embankment protective cover in foreground. 31 March 1984

Photo 22. Protective cover of spillway rock over Stage I
embankment fill. Right abutment in background.
31 March 1984



Photo 23. Looking east at core trench bedrock slope,
stations 16+40 to 16+90. Note extensive shearing,
particularly in upstream transition zone at left.
29 March 1984

Photo 24. Looking east at core trench excavation from
station 19+30±. Note extensive scouring and water rounding
of granitic bedrock surface. 29 March 1984



Photo 25. Northeast trending dike of intrusive igneous
rock cutting highly fractured diorite; upstream of core
trench station 14+00 near core-transition contact.
14 March 1984

Photo 26. Backfilling foundation depression upstream of dam
centerline between stations 14+85 and 15+25. 7 February 1984



Photo 27. Looking downslope from top of left abutment at
major shear ~one paralleling dam axis. Note shear zone
confined mostly to upstream transition zone to right of paint
stripe. 14 March 1984

Photo 28. Major shear zone appears to wrap around lense of
intensely fractured intrusive rock and blocky knob of
diorite. 14 March 1984



Photo 29. Looking west at core trench excavation from top
of slope at station 16+40. Note major shear zone near
upstream edge of excavation at right and smaller individual
shears which criss-cross remainder of foundation surface.
Contact between granite and diorite (in foreground) near
center of photo. 29 March 1984

Photo 30. Typical example of extensive network of calcium
carbonate healed fractures in diorite rock mass, vicinity
of core trench station 14+70. 24 April 1984



Photo 31. Typical example of tight to mostly calcium
carbonate healed blocky joint structures in granite rock
mass, vicinity of core trench station 12+50.
14 March 1984

Photo 32. Typical example of strong subparallel to wedge
shaped jointing in andesite bedrock, vicinity of core trench
station 30+50. Joints generally strike N100E, dip 90°.
11 February 1984



Photo 33. View of
III construction.
andesite rock mass
obliquely upstream
26 September 1984

right abutment prior to start of Stage
Note highly fractured, blocky nature of
and well-defined layering which dips
(toward lower right of photo).

Photo 34. Joint (striking N50 oW, dipping 550 SW) containing
up to 6 inches of rehealed andesite breccia, core trench
station 31+10. 11 February 1984



Photo 35. Stage II foundation excavation using push cats,
scrapers, and D8 dozer. Note lighter colored areas of caliche
or bedrock in upstream portion of dam foundation.
6 January 1984

Photo 36. View
right abutment.
8 Feburary 1984

of completed Stage I core trench excavation and
Note backhoe trench in foreground.



Photo 37. S~age II core trench and left abutment after
excavation and initial foundation preparation completed to
station 16+50. 14 January 1984

Photo 38. D9H dozer ripping lower reach of right abutment
access road. 28 October 1983



Photo 39. Right abutment "stripping" using Case 1150C
dozer. 22 November 1983

Photo 40. Typical example of large roots and pockets of
soil between andesite blocks at a depth of about one foot
below the original right abutment surface. 6 December 1983



Photo 41. D8H dozer ripping lower right abutment surface.
2 December 1983

Photo 42. Case 1150C dozer ripping right abutment with
double shank ripper teeth; note double parted winch cable.
6 December 1983



Photo 43. Typical example of excavated and blown right
abutment surface prior to removing loose rock blocks. Note
distinct joints. 8 December 1983

Photo 44. Stage I core trench excavation using push cat and
scraper. Note D8 dozer using rippers and blade to excavate
base of right abutment. 16 December 1983



Photo 45. Excavating andesite bedrock in Stage I core
trench using Catepillar 235 excavator, vicinity station
31+10. 22 December 1983

Photo 46. Excavator widening Stage I core trench.
January 1984



Photo 47. Left abutment excavation using 235 excavator.
January 1984

Photo 48. Stage II core trench excavation using push cats
and scrapers. Note front end loader pushing overburden away
from bedrock slope near station 16+50 for scraper removal.
9 March 1984



Photo 49. Laborers tied off to safety lines while cleaning
steep right abutment surface. 29 November 1983

Photo 50. Surface preparation of right abutment using both
air blasting and hand labor. December 1983



Photo 51. Foundation preparation of right abutment surface
using high pressure air blasting. Note excavator working
on south side of Stage I core trench. 21 December 1983

Photo 52. Foundation preparation of Stage I core trench
surface using backhoe and hand labor, vicinity station 30+00.
Note darker colored rock is agglomerate cap. 6 January 1984



Photo 53. Pump truck with extendable boom and hose used
for dental concrete placement in Stage I core trench.
10 February 1984

Photo 54. Placing and vibrating dental concrete in Stage I
core trench. 10 February 1984



Photo
after
areas

55. Stage I core trench, vicinity station
completion of required surface treatment.
of dental concrete. 11 February 1984

31+50,
Note large

Photo 56. Placing grout slurry mix by hand in prewetted
crack between rock blocks, vicinity station 31+80.
10 February 1984



Photo 57. Beginning Stage III right abutment surface
preparation. Laborers permitted to work only short reaches
without safety lines. Note backhoe removing Stage I
protective cover down to elevation 1380 near base of slope.
29 September 1984

Photo 58. Closeup of localized 3 foot deep cavity created
during surface preparation of right abutment; 20 feet right
of dam centerline, approximate station 31+96.
2 October 1984



Photo 59. Placing dental concrete on right abutment slope
using concrete bucket. 2 October 1984

Photo 60. Closeup of grout slurry application on right
abutment. Slurry placed in 1 inch wide by 6 inch deep open
joints between andesite blocks. 9 November 1984



Photo 61. Right abutment between elevations 1393 and 1405
after surface treatment. 12 October 1984

Photo 62. Small Case backhoe assisting excavator during
left abutment excavation. Note rock dust generated from
air blasting of excavated abutment surface.
10 January 1984



Photo 63. Initial foundation preparation
surface using low pressure air blasting.
excavator on left. 6 January 1984

of left abutment
Note 235

Photo 64. Foundation preparation in Stage II core trench
using backhoes and shovels; vicinity station 17+00.
12 March 1984



Photo 65. Air cleaning core trench surface at station
20+80 using high pressure bull hose. 16 March 1984

Photo 66. Stage II core trench foundation preparation.
Laborers removing alluvial materials loosened by backhoe
from bedrock scour channels. 26 March 1984



Photo 67. D9H dozer with double shank ripping calichified
granite cap at the upstream edge of the core trench,
vicinity station 16+30. 12 March 1984

Photo 68. D9H dozer using slopeboard to flatten bedrock
slope near station 16+50 to 1:1 and remove soft weathered
bedrock from foundation surface. 12 March 1984



Photo 69. Left abutment between stations 11+48 and 12+24
after dental concrete placement. 17 May 1984

Photo 70. Typical example of scour channels incised in
granite bedrock, station 19+65. View looking upstream.
29 March 1984



Photo 71. Stage II core trench scour channels between
stations 19+10 and 18+10 backfilled with dental concrete.
31 March 1984

Photo 72. Backfilling preconstruction test trench between
stations 16+00 and 16+50, downstream side of core trench,
with dental concrete. Note sloping bulkhead constructed
across open end of trench to contain concrete. 30 March 1984



Photo 73. Drilling first zone of primary grout hole 30+00P
using air track percussion drill. Air-water mixture used
as circulating medium. 10 January 1984

Photo 74. Air track drilling first zone of secondary grout
hole 32+348 on right abutment slope. Drill pulled up slope
using winch cable system. 6 March 1984



Photo 75. View of upstream end of intake structure founda
tion looking east. Note left side wing wall steps in back
ground and shear zone extending across bottom of excavation.
6 February 1984

Photo 76. Outlet works conduit excavation between stations
17+60 and 17+40. Note large angular granite blocks on floor
of trench. 23 January 1984



Photo 77. Overexcavated energy dissipator slope. Note
chamfer lines on bulkhead. Bottom line is top of dental
concrete or "B" line elevation while top line is invert
of structural concrete. 19 March 1984

Photo 78. 235 excavator scraping off loosened rock from
surface of outlet conduit trench. Note relatively level
surface (where laborers are walking). 16 January 1984
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Photo 79. D9 dozer ripping high spot at station 19+70 in
outlet conduit trench excavation. 17 January 1984

Photo 80. Intake structure foundation preparation. Note
laborer jackhamrnering high spots on left (east) side wing wall
steps down to grade. 1 February 1984



Photo 81. Partially completed outlet works intake structure.
Note overexcavated area upstream of invert concrete slab.
26 March 1984

Photo 82. View of completed intake structure looking west.
Note lean concrete backfill areas adjacent to structure.
11 June 1984



Photo 83. View of outlet works excavation looking upstream.
Hard granitic bedrock exposed by excavator within energy
dissipator in foreground. 18 January 1984

Photo 84. Foundation preparation of outlet conduit excavation
using backhoe and hand labor. 18 January 1984



Photo 85. Air cleaning energy dissipator foundation with
very low pressure air hose to avoid degradation of granite
bedrock surface. Note hard granite blocks in decomposed
granite matrix. 15 February 1984

Photo 86. Placing leveling slab of dental concrete in
outlet conduit excavation. Wooden screed bar used for
leveling surface of slab. 24 January 1984



Photo 87. Looking upstream at dental concrete placement on
energy dissipator slope. 20 March 1984

Photo 88. Final cleanup of energy dissipator foundation by
low pressure air blasting. 20 March 1984



Photo 89. Hand picking loose rock from foundation surface
underneath energy dissipator rebar lattice. 20 March 1984

Photo 90. Outline of concrete plug area on east side of
outlet conduit. Note most of conduit projects above adjacent
foundation surface due to greater depth of core trench
excavation. 24 April 1984



Photo 91. Concrete plug placement on east side of conduit
using concrete bucket. Note laborer on top of box vibrating
concrete near contact with conduit wall. 25 April 1984

Photo 92. Concrete
plug on west side of
outlet conduit.
Note upper portion
of plug is slightly
steeper than 1:1 to
eliminate "feather"
edges against the
top of the conduit.
25 April 1984



Photo 93. Completed concrete plug on east side of conduit.
Concrete spills outside plug limits were subsequently
removed. 26 April 1984

Photo 94. View of downstream north wall of completed spill
way excavation showing layered volcanic sequence which dips
300 NE. Note massive flow breccia separating fractured
andesite (on right) and tuff units. Alluvium exposed near
edge of photo on left. 29 November 1984



Photo 95. Typical example of strongly jointed andesite
flow exposed in north wall of spillway excavation, vicinity
station 17+00. Note variable joint patterns and darker
colored "zone of weathering" near surface of flow.
20 March 1985

Photo 96. Strong subparallel to wedge shaped joint pattern
(striking N750 E, dipping 45 0 NW) exposed in north wall of
spillway excavation below bench, vicinity station 15+50.
20 March 1985



Photo 97. Mechanical excavation in spillway using D9H dozer
with double shank. Note slopeboard used for slope trimming.
27 October 1983

Photo 98. North side of spillway excavation after production
shot No. 9 down to bench excavation. Note 1 to 2-foot buffer
of rock lef~ by step-drilling blasting technique which was
subsequently removed to grade using dozer slopeboard.
9 March 1984



Photo 99. Spillway test area excavated and cleaned to allow
inspection and evaluation of proposed horizontal buffer zone
blasting technique. Results unacceptable-note large 6 x
6-foot rock block virtually unaffected by blast.
6 September 1984

Photo 100. Scraper hauling shot rock from spillway for
Stage II diversion levee slope protection. Dozer with
slopeboard used for slope trimming. 22 March 1984



Photo 101. Excavating production shot No. 14 in spillway using
front end loader and rock truck. 5 September 1984

Photo 102. Outline
of sill section, south
wall of spillway
excavation. Note
irregular slope and
highly fractured
andesite rock mass.
31 October 1984



Photo 103. Excavating
spillway sill at station
17+50 using a Gradall
with hydraulic ram
attachment to break up
the rock, and a Case
backhoe to excavate the
broken rock.
28 November 1984

Photo 104. Excavated
sill section, north
wall of spillway. Note
limited over break in
fractured andesite rock
mass. 29 November 1984
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Photo 105. Laborers cleaning loose rock from invert
section of spillway sill. Variable bedrock structure
resulted in wider and slightly deeper excavation than
originally designed. 29 November 1984

Photo 106. Completed concrete sill section, north wall of
spillway. Sill extends up to bench level. Note sloped
invert section projecting above bedrock near bottom of photo.
20 March 1985



Photo 107. South wall of completed spillway excavation,
vicinity station 16+00. Note variable joint orientations
and spacings, including prominent dip-slope joint planes.
18 April 198~

Photo 108. Slope
failure along arcuate
dip-slope joint plane
in spillway south wall
at station 15+75 has
reduced bench width to
only 7 feet. 20 March
1985



Photo 109. Dike No. 1 exploration trench, station 81+25.
Note coherent andesite blocks on both sides of photo with
calichified andesite breccia toward center.
22 January 1984

Photo 110. View of dike No. 1 exploration trench excavation
looking north from south abutment. January 1984



Photo Ill. View of dike No. 1 completed exploration trench
excavation looking south from station 13+00. Note widespread
caliche. 25 February 1984

Photo 112. Dike No. 2 foundation after stripping.
6 February 1984



Photo 113. Front end loader with full bucket compacting
initial lift of core material against treated bedrock surface
in Stage I core trench, vicinity station 30+70.
13 February 1984

Photo 114. Front end loader compacting core material
against bedrock slope in Stage II core trench, vicinity
station 16+50. Note dozer using blade to spread core
material over foundation surface. 2 April 1984



Photo 115. Typical
example of rock-core
contact on left abutment
(approximate elevation
1447). Wheel rolling
core material prevented
damage to highly
fractured granitic
bedrock surface by
tamping roller. 5 July
1984

Photo 116. Five foot high ramp of core material against
right abutment slope. 22 October 1984



Photo 117. Slope failure in intensely fractured platy
andesite, north wall of spillway excavation, vicinity
station 14+00. 18 April 1985
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I SEE~ FOR PROFILE (I_I) OF 0 MENT TEST TRENCHES PlATE IZ
9 SEE FOR 0 I KE No I UllET 10RKS PLATE '2

10 SEE~ FOP PROFILE K PLAN OF EXPLORATION PLATE '2
SHUTS 5 § 1

2
1M -K PLATE 2 PLATE 2.

II. SEE SHEETS,.. INp FOR GEOLOGIC LOGS 712 SEE~ ?PFOR LOClTIONS OF s~F DIAMOND DRILL HOLES
TEST TRENCHES FOR LOCATIONS OF LE;SMIC SURVEY LINES PLATES 6,10 ,7

'3 O"MONO OR T A8UTMENT PLATES • ond 2~ ond27

14. SEE ILL HOLE LOCATIONS PLATE 12

IS SEE=FOR DETAILED GEO::~YS~:VEYEO.
FOP. DETAILED GEOlOlif or ~:~~l~'':'. ANe RiGHT "BUHliNT..1:!,J.MiNl PLATE 12 . PlATE 19

,,-- - - - -

~

t«lTES ''15' _ a SCALE I IN = 200 FT
M 100 200 '00

,
\

\\ "0.
~"'''\ 001 - ':+.

\

\

0001

<"",,"
'\ \

\ \
\

Tva

~ 996,000

/\

,'.5'

o
2
,.;
~
w

, ,\.

\
\
\
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\
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..... " I.Ui• ~yJvta

I-,
\

)

,-_i.J._
, 155°\ ....,

_ ,NOTE I
_ ~\, See Sheel IS f
:- ' _,\\ of Spitlwa or location

\\": y Dlomond

~, Hales.

N 995 ZOoo' ~ ""..... Spillway

\~ ~~.

\\.,
' ..... "~-' ~'i:;fb
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~~\
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,
"
"~ 92~~~~4'
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PLATE 3

GOO

u. $. MMY fNG'*
LOS~S DGflO

CXJI:"'0f~

SEA LEVEL

SftC. NO. OltlCwot· _a_~_ "'QQ.~_

Df5mcT P'l.E MO. 241/249

DATUM IS MEAN

REVISIONS

PHOEN'X. ARIZONA A QllA - - •NO VICINITY (INCLUDIN
NEW RIVER DAM G HEW RiVER)

DAM EMBANKMENT
SOILS EXPLORA FOUNDATION

TION PLAN

_n.

"'.
FOUNDATION REPORT

LEGEND

_~ neo-5J - LOCATION ANINCLUOING YE.c" ~Uk~:~:T~6 n:ST TMNCH,

TH80.32 DO ~~~~T~~LAND NUN8ER OF EX

~
tNCLUDING E .?t~~LED IN THE ,;t~ATED ~T WITH A

~
TH7I-11 DRILLED OM OF THE PIT.

• LOCATION AND
. "CLUDIHG Y"R"'i;~,~~RED'" TEST HOLE

(lfI~Zf~/J,,~Ni9~9~5'~~

PAYS

NOTES:
I TEST HOLESDIAMETER '1/ WERE DRILLEDTEST TRENC~is2: INCHES. eVA eUCKET-TYPE POWE
3. FOR LOGS OF ERE EXCAVATED W,TH A BACK R AUGER. THE BUCKET

• TEST TRENCHES AND HOE AND lOR 0-8 OOZE

. FOR PROFILE A-A SEE............ HOLES. SEE StIS5V "6 R.PLATE 5 THRO"G" 2. PLATES 1,8 a 9

PAYS

ENGINEERING

SAFETY

PLAN OF E
100 0 100 XPLORATION

H H H 200 300 400 500

CONTOUR INTERVAL j

SCALE: I IN.• 20~ F~~ET

VALUE
o
5l

TRENCHEDTO 20FE~~ THEN DRILLEDTHEN DRILLED

12' 1-10 TRENCHED TO IIFE:

T

TH N ,
17' 0-10 TRENCHED TO 13FE T, THEN DRILLED

304' 12-79 IltENCHEO TO 13 FEET
~=12~',.-t~'~Z-~T~'iT~R~E~NC~H~E~O:!TQO-";9 FE £T • THEN DRILLED

17' 1-10 TRENCHED TO IIF ,THEN DRILLED

R

Kmo TEST~ _ TRENCHES

luMra~:'~10' )-71 TMNCHED S

::-,:",+--,,152...'-1 .1-10 T" M TO 10 FEET IY DOZER

~=+--"IO'~, 1 1212-1"1 TfIt [fiCHE 0 TO <4 F T R
l3, '-10 TIIEIlCHEO TO 5 FEET BY DOZER

~~, '-10 TIIEIIC>lEO TO~: FEET IT 002 ER

]3' 1-10 OT ISF £T Y

~__~l2'U l'H-1O R N H T 1fT

II' ..10 TRENCHED TO " FEET 'T OOZE R

r.
~~--.!:I5~'J.."'-.eo T"ENCHED TO 'I ~ET BY DOZ fR

1-10 TIlt HeH £T BY DOZ ER

N " •• 000



VALUE ENGINEERING PAYS

PLATE 4

o·

, <'91:, 4'"_

" "

u. S. oM""Y fNGMa DfSlIlCT
lOS AHGRfS

CDlP5 Of !NGMI!IS

REVISIONS

LEGEND

Vertical diaMond drill hole and ny_ber

DATU. IS n .. SEA LEVEL

GILA RiVER BASIN
PHOENIX ARIZONA AND VICINITY (INCLUDING NEW RlvERl'

NEW RIVER DAM

"EF"ACTIVE SEI5eIIC SUlNEYS
PLAN

00-45...
00-15

•

J,,;j'Y
. 7ilLT

//I3Cl

FOUNDATION REPORT

N

~--,

PAYSSAFETY

CONTOUR INTERVAL 4 FEET a 10 FEET

gl
~i
01.,
~

REFRACTIVE SEISMIC SURVEYS PLAN
SCALE: I IN. II: 200 FT.

'OC 0 100 200 300 400 SOO
A H A e----3 e----3 '

-~- r,--Ii
II

I'I

______151£1

I'N~9,,-,9~8.~40~O~ "+- _





VALUE ENGINEERING PAYS
EMBANKMENT

DD-14

EMBANKMENT

D D - 15

EMBANKMENT

DD - 16

EMBANKMENT

DD-170 (17)

00-/7: Trellclt.d '0 ZO° .y ~.z.r, tI,iHa4 ".". '0
'0 77.0' "rf" a ,o".r .... ,er olld 'r.", 77.0' flO 104.0.,," a 'ff - c ..... rocillb" No •• 4racll ."c••'.,....

160.106.0' grtl",olly ..nfly ct.y to cI.y.y .att4y
gr.",el.

ALLUVllJfif'

0.0.".0" Jlllr ,."d,flr.""."y ,IIty ,."tI .it"
loy." of c ..... ,., and boultl."

Jo,"t, dIp ~".r.lly 30·1O:_,tly ,.,."., .,i'h
.I •• • nt.r"c',,,, 7~to ,..Ir If.r'lc.I ••r. "'r.t.
Iy to hlthly ..alh.r.d ,ut" rod ."d .r.." cl., ..4.0_ .. IIl:k.n'I"'

25-/J6 0" e/GI" 'Gttd, .' ..... , '0 ,'.~.HI
,and, c/.y .

aftcalln'a'ed wota' 0'70' ".'" ", 00-/1

ALLUrllJfif

0.0 - Z,': ""1 ••ttd. ,on4y ,r.""1 .,", .....
."d .01.114", •.

GRAHlTf W"'" to 'r.y ......r.,./r •• ft ,.
_H/.,.t.'y "ard . .otfarotely to hl""Y """"814,
""hly 'r.ctur.d.

,"ott.r.d 1.1f6 .1-/43 .0'

fLEV 13'6.J'

COlliE

7~S.i £lEV 13876'

~.

"

o

0.0'

COIlE
LOOS

00' IN'"
O·

:"·0...,
0

0

;

.~...
/36 0' . /,.0

,," '-'ca"".ry January ,.,

DD -/7A: Drlll.d ."h" ',,·caM r.de"" fr. 0.0-1•. (;',. /•. 1-111."
for H • • ,:n<1 cor•. lOO".rlll _ter r.turn 0.0 ta "'.".

EMBANKMENT

DD- 44

HO
TE ST

NO
TE ST

R r rPR

PRESSURE TESTS

OEPTH

,hotter.d. B.8·9,2: 12.0·12.3: ?5.1·25.·(
27.0-27.3', 21.6·28.0', 28.2·28.6'. 30.0-
3D ... : 40.1."'.1', 42.7·43.6',60.0·60.3','
'0.7-61.2'

_od.rotelr 'oft, highly weathered ..lth
cI oy 901.19. 25. I ·25." •.

JOInt, dip pfl.O" Iy H V and 3D!600ond
ore .Ilghtlr ••ot"ered to urwr.other.d·
Iron stolnlnQ pr.lI'alent fralll 8.8 to 10.0:
16 ... ·20.S·ond "9.S-SI.0·.

brown to groy.oltered. r•.ut·,toln.d
6.5·6.8', 16.3·/72'

GRAHl Tf gror, ha rd. coor ,,,. 9ra, n"d
" Ighllr wealh.r.d fo I.Irwr.athered,
aoderat.ly to hl9hly frocfur.d to
10.0:.cJd.,olely frrTcfured 10.0·75.5:
.oderate/y ,oft to Mod~rate/y hard:
1.0·4.3' .

ELEV 1399 I'

1\ 'andy :;~~~U~. RUldual ,oll·"lty

CORE
LOSS
IH ..

B'" RecolI'e ry Feoruory I,BO

Ordled WIth a t,,·cone rock bit frOllf 0.0 to
4.,J', from 4.3 to 75.5' for N X SIZed core. N X
CO,Ing set fro,., 0.0 to 2._~·. 100% lou of drill
",oter 38.3 to 38.8: 69.5 '0 75,S: 50·/OO".refurn
nl lather Inter",ol..t

'",'"

00'
10

"~'I

75 5' ,~,~~

106 I I

20.3 I 5

246 64

194 29

'0

40 19 I I 9

25

20 11.3 I"?

10 7 I 2 B
20 107 3 I

_4Q __ ...!.5~ ~9

20 85 I 5

30 233 25

PRE SSURE TESTS

10 77 I 6

20 177 25

NO
TEST

64

10 13 I 27

10 48 14

205

6' 6

755

444

402
TO

-~~ 
422

616-755

705

AlL.,UVIUN "lly ,and to ,onl!y grovel
with 20".cobbles and occoslonal
boulders.

JOlnl, dip 20·to H V w, th IIIlnOr rust
,to'n'ng and red cloy. are ,I""tly to
I"IOderote/y ",eo/her.d.

CORE

~~Si ELEV /3907'

o1f8%Recoverr Sept ....b.r 19BO

AllUVIum excolI'oted hr 0·8 dozer ond backhoe to

23.0'. Drilled frol'l 23.0 to 70.1' for H If f;.zed
core. 25".dr,11 water In" for the enllre hole.

00'

70 I': ,~'

Q.

"0'
00

0 0

.~
00
·0

'::
Q "..o.

230 () 0

40 260 0.9

10 II 2 08

70 443 1,1

20 110 09

NO
TEST

PRESSURE TESTS

'6' I

70 I

DEPTH PR~S~UItE 0 I K

Ito gro".I''1

JOIn's dIp ,,".Of1I'l 4O·50 00nd n~or v~r'lcal

tlnd tire .Iifl~fly .eather.d with IIIlnor rust
,tolnlng.

.oderotely JO't, ....,.6·45.7·.

GRMlITE gr(J'I,hord.coorU-gfolned ,I,ghtly
".oH,.,ed.,.oderofely to h/ghly fractur.d.

ALtUVIL*' " "'1 sand
.,/''1 'and.

GRANITE .h, te to groy. coorse-gralned
..ad.rot.ly soft,tllghly ••athered ,,,,th
lIIod.rote')' hord to hord I.rues and nodules
of f,.,"e,. .ohrlol.shott.r.d

COOE

~~s~ ElEV 1.394 9'

~"'R.co",,,rr Januarr 19BO

Drilled with ° tn-cone rod.. bd frolll 0.0 to 19.6',
fr0f//4 19.6 to 74.5' for 11 1 "z"d cor•• N X ca"ng
ut frolll 0.0 to 37.5'. 100%drdl watH return frol'l
0.0 to 57.2'and 72.6 to 74.5'. 20".dr, II ..atu loss
frOIll 57.2 1o 72.6' .

~';'~ ~;:~:fn:~~;~e~~ brown,coorse-gro,"ed,sof'.

~~. Top of Rod f,olll 11-48

~~

00

DO
6.5' ·0

00'

o 04 02

10 06 0 I

20 08 0 I

30 I 5 02

50 104 08

o 04 01

10 106 17

2.0 19,9 2. 5

10 66 07

20 !97 15

NO
TEST

RE T ST

74 5

248

PR

36.0

46'

66.0

57.2

DEPTH

572-745

EMBANKMENT

DD-18

EMBANKMENT

DD- 20

EMBANKMENT

D D- 23

'.
." 0

L--"O"'6'-0"---'--__--'--_-'------' ,,'06=O'-'·;o'-~..L_~ _

U.5. _V IMG_ IIlI1lltCT
LOS N«MUS

CDIlPS 01' _5

_..

I
REVISIONS

Sort .llttle,,1 anr,of core fenlins intact;"ery friabl ••

HorifOfltel, snft .. "nst 01 cOle relllain, intact.C'n be
I'Ilnl/ally ruoken.

Hodeflltel., ".rd. core call be brok.n .,th litllt "' ..... r
blo.,

Hard .core can be broken .ith l'Ioderate to h..... ., h..... '
oto•.

ClASSIFICATl()tII OF FRACTWItES:

Shlttered rock: I inch fracture ,plcino or 1.15.
HiQhly frlctured rock: I to Lt inch fr.cture ap.cint.
,",oderltel, frlctur",d rock: Lt to 12 inch fracture •••ci",.
SI iohtlr fr.ctured rock: o"er 12 inch 'ractllre .paci-..

HARDNESS DEFPOTIONS:

COlE LOSS: Th."to of C~· .... for ..ch illhr .... 1 .rill"
III It•• rock is .hl)Oll • .,. t~. It.r ,r.,h.' ~l.t.t, a~
Ir,1 r.,ra_flls IOO~. cor. 10", aad a", ."."weill .r..
flor."nh 0·1. cor. lo't,

S"at iela£/I'lic .,••01 to I.ft of cor. I••• c.l ....
presents the oeolo,ie. I/flit 1I ••criM4.1l t .. " 10V,

wATER PRESSUIU TEST
Pr .. S ...lle 1.. ,t"'II1 ""S lIccnlllpl"hed .ith a sin,l. pack.r.

DEPTH. Tht' depth{'" 1~~llo' .. tIlC" I~ poe.ke- -os MI.

ItRESSURE;lIIl1,el preu"le ,n pounds per 'Quar. inch ""I).

Q AverllO~ •• ter lOSS In 0.110na per ... ;,.,ut_ for th_
illtervll te,ted.

K '.r",.. bi lit, 'II feet Ida, for the 'IIter .... 1 t.sted.

"0 TEST: IlIter" •• not tested.

GalYITY: 'ack.r lIot uud .uri",o t •• tin ....

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY {INCLUDING NEw RIIlEN

NEW RIVER DAM

DAM EMBANKMENT
GEOLOGIC LOGS OF DIAMOND

DRILL HOLES

40 43

JfIf1l1Or" ltel

O"II.d ., th a trl-ConO r.ci, 01 t ."d M.",y ray.rt ~ .i.
fro- 0.0 to 106 .0: Mo ..dr.de ."c~"r.re-d,

LEGEND

•".to<

PRESSURE TESTS

60

NO
TEST

114

DEpTH PR~~~UAE 0

4. OIUOND DR I Ll HOLE £LEVU IONS ARE SURVEYED

5. All SOIL ClASSIFICATIQHS SH001 0friI THIS SHEET

IRE VISUAL

NOTES.
PLATE 2

I. SEE~ FOR THE GEOlOG IC MAP AND 0 I'."'0
DR III "iDLE PLAN OF ElPLDRlT ION.

PLATE 5 2. SEE~ FOR DA."I EMBANKMENT FOUNDATION GEOLOGIC PROFILE. DATUM IS MEA14 SEA I F.... ft

:1 SEE~~OR SOILS lOG OF TH80 36 ,---,---------"''-'-''''-'''-'''='-'''''-'''''-'''''----,----,,--1
PLATE 7

ANDESITE groy.harrl.~od.rate/y to h,ghl.,
'rnetured.

,lOlnts dIp 20"..70
0

0(ld are .sl""tly weat"er.d
wrth ""lIor clar ''''ln9,no ru,t·,tornlng.

.hott,.,rerl II.J·'~.3: 29.1-31.0: 33.7
34.1'. J2 .."·~:" 7'.

ALWVIUN· ., /ly .andy graYfll o(ld .Iope·
~oJh

CORE

~~~ ELEV 13893'

'S%Reca",.ry Se£l,.",ber ''''0
~;: ::It=a ~:~~ r~ ~~r~~ ~~O I ;~ o~ 4~If~a~~z;: .~o~:. 3~~','"
25%I(I",14.B to P"./'ond 14.1 to 0.1'

o'

=--1

-;':1

49,1

98 0 B

10

10 12 02

20

'0

30 6.. 0 5

50 133 08

NO
TEST

PRESSURE TESTS

49 I

15 ,

PLATE 7
NOH SEE~ FOil SOIL lOG.

TH 10 -36 OF TH I S HOLE. 0.0
TO 11. 0'

'4 ,

TUFFACEOOS AGGLe-fRATf ha,d,wlth angular
10 'UbOngltlor Qroy ond~s;'e ".9"'ent$ UP to
I-,n dICH,e:1er and redd,sh brow" clo,t, of

lI'e"culor o"de:s/'~ UP to 2~ In d,ollle'er In a
brown. tuffaceou' .0trIJl. s/,ghtly froch"ed
by two 2S°cleon It, ar 91.6 and 91 . B'. un·
weathered fa .I,ghtly weathered.

"LLlIVIUfII Jondy grovel.clare,! .sandy
9ra""el 20·30" cobbles and boulder,
10 16' depth

fncoun'~r~d.ater 01 39' rleotll.

ELEV 13778'

CORE
LOSS
'H ..

Tr.n c"e:d to I]' lJy dOlOr, drill.d from 13' TO 82 0' WI til
a power chlQer and from 820' to 1016' for NW SIzed
cor.

100% d,,11 wo".r r.turn 'or .rI'lf, "0/'1.

,
o

00'

820'

0.5 03

07 03

00 0020

40

60

NO
TE ST

NO
TEST

PRESSURE TESTS

856

820

1016

/florlerol~/y hard '0 harrl Z5.0-35.0'.

shatter~rl 3B.I-39.I'

Pou,hle ,hear zone· «J.T·«J.9·

(brown cloy 90U9. WI th brece'o d,pp.ng 60°.1

JOInts dIp pfl/flafl Iy "0"-70
0

and or~

u.uolly cloy I ",ed,' Ilg""y weathered
w,'h occa"onol ,Ircken"rle, and ,.,Inor
calcl Ie f1l/1n9.

AlLUVIUN .,Ity Jand.gra",el'y "Ity sand
~I 11'1 layers of c-.bhle' and boulders.

ANDEsrrF grar.harrl,/floderately fractured.

ElEV 13888'

COOE
LOIS,...00'

""Reco",~ry June "80

Drl/l.d With a 'r,·cone rock bit frOM 0.0 to 35.0'.
frOfi 35.0 to 75.3·for IIfW "ud core. IOO%drlll
wot.r 'eturn 0.0 '0 75.3'

753.:"~

00
0°
00o
0·0."";,0
00
00,0
a O

c:,¢~
250 0

60 98 03

to II 005

30 (5 0 I

10 00 00

40 7 a 03

20 1 0 0 I

20 27 0 I

NO
TEST

PRESSURE TESTS

479

210

350

75.3

SAFETY PAYS

VERT SCALE I IN • 10 FT
10 0 10 2:0
RHAAA '0

FOUNDATION REPORT

SI"fC. NO. D!'.CW09._~~_ .. .991~ ~

otSTtKT I'tl.E NO. 241/230
80

PLATE 6



UNIFIED SOIL CLASSIFICATION SYSTEM

MAJOI DIVISIONS
GIOUP

SYMIOLS TYPICAL NAMES

TH80,35 TH80,36 TH80,38

GW

G,
GM

GC

SW

SM

SC

Well'9"ded gruels, gruel·u"d "'i'll/re', little or ItO fi",.,.

Poorly.gr~d grll'els, g"Yel.sa"d lIIIidllrel. little or no 'i"es.

Well-g"ded sandi, 1I,••,lIy ulldl, little or "0 fiM'S.

Poorly·g,.ded U"dl, gruelly undl. little or "0 fin".

Clayey u"ds, ulld·c!ay ..i"II",s.

"

ML l"o','"IC IIhl and ye'1 'i",e Y"dl, rock UOllr. tilty .r cLtr-Y
1: ',,"e Ylldl, or dayey Idh, .ilh Ii"'" ,Iaslicity.

~ ~ I--C-L-I-'-.o-.g-,.-,,--'·-,,-,,-,-0''-'--'0-.-'-'-.....-'.-m·'-'--..-"-.K-,,,-.-'-.-,,-••-II,-d-.,..-.-----J
~ V ulldy d,y" SIll')' d'yl, ~,,, d,ys.
• ~ "':'.---,---,---,--,--,--:-:--:-:--,--------.1

I-_~__I---'--_I- Orgllllc IIhl ,"d o'g'''Ic lilly d,,, of 10.... plas'icity.

1
0

M H ~:~~,~:,,;;h:;II:luuolIs or di.!'OIII.ceOIlI 'int salldy or li"y

~1~1----1-----------------------1
:£ .... I-_C:.."'-'--_I----":"oo"'''''-":''',:..:=d:1,,,.:..,:,,",-,-',g,,-,-,:..I,:.:.,,--,".:.-''':..':"'.:...'--"'-'":......'-'--,--,- --1

o H 0'9,"ic cI'yl 01 ,"edl"'," '0 "igh plaslicity, 0ft.llk lilh.

Put ,Ild other highly .'g,,,ic 10lit

DATUM IS MEAN SEA LEvEL

M' MOH'LASTIC

TT 80-30 LOCATION ..NO NUM.[III 0" TUT TII:[NC".

NU...... 0' 1l0WS 0' A 140.POUNO D.O'HAM..... fALlIt+G
JO IHCNlS UQUIUO TO OIIYI .. S..M'LING SPOON ONI
'OOT OUTSIOE OIAMlTll OF SPOON IS 1 INCHIS;
INSIO[ OIAM"U IS I.) • INCHU. PlOCEOUll IS
CAlL.O STANDAkO PlNn'ATION TUT.

~ OEPTH TO WAru

E: It I 1 MATERIALS TO BE EXC"VATED FROM THE FOUNDATION.

1ILEHOEO MATERIAL SUITABLE FOR CORE.

PS j !LEHOED MATERI"L SUITABLE FOR PERVIOUS SHELL.

lit 5 NO SAMPLE

*" VISUAL CLASSIFICATION.

+ MINUS 12-INCH GRADATION SAMPLE.

++ ~ INUS 6- I NCH GRADATION SA~PLE.

TH 80- 35 LOCATM)W ApoIO HU..... k Of TOT HO\.L

Me "1[1.D MOl STUll CONTINT IN I'IICIHT Of DIn WftQfT.

"IC.NT 0' .....TIlIAl IY W.IGHT PAUl",," MO." SIIVL

II lKlUID LIMIT.

"kC.... T 0' MATlllAl IV WIIGHT 'ASSING NO ::100 SIIVL

, 1 'LASTICITY tNOU IlIQUIO LIMIT MINUS PLASTIC lIMITI.

PLATE 3
, SEE _ FOR LOCATION OF TEST NOLfS AND TRfNCHES

2. PERCENTAGE OF COBBLES,BOULDfRS AND MAXIMUM SIZES 'HERf
INDICATED 'ERE VISUALLY fST,.ATED

3. ALL GRADATIONS EXCEPT THOSE 'NOICATED WfRf PERFORMED ON
MINUS HNCH SAMPLES

4 DATESDF DRILLING: JANUARY 1971-APRIL 1971,DECEMBER 1979
FEBRUARY '9BD,AND AUGUST '9BD,SEPTEMBER 19BO

NOTES:

j
V

o
Z
~

~
;;

H~hly ortll'lic lOils

NOm,
1. 101/11410'1 ClftsiliCllio": Soik ,ollftli"g c..".cle,i,ticl of two i"IIPI ", 1k,,,"'led by Ulllbi",lio"1 of ,,..,.,....,... F.,-..,Ie,

GW·GC, well·"Ned ,rayel'Y"d lIIIilltvre wit+! d.y ittNer.

2. All '''Y. lil.1 Oil "'il cllart Ire U. S. Stettcl"d.

3. TIle I_nilS ",ilt" ,lid "d.y" are Illed re5pcctiyely to clillingllilh "",,,i.Is uhibiti"g Iowlr ,Iflticily from tho« with 1I"f1., ,a.tidty.
The ",i"wl 1l0. 200 .iue III,Ieri.1 is silt if the liq",id limit ."d plallicity i"du plol below the "A" Jj"e on Ihe pl.. licily ch.rt (Tlble VI, Mili·
tary Slilndilfd 6198), ,"d il d.y if the liqllid limit ,nd plflticity inde, ,101 .boYl Ittl "A" li"e 0" rile chilft.

4. For. cOIII,l.te ,"cMption of the Unified Soil CI.uillu'ion Sylllm, HI MIIII.ry St,"dard 6198·' d.ted 20 ~brch 1976

t::::::= SAND /ClAfEY SAND
~ mo'st. med,um dense.

f----

t=:

8 t5 SANOY f,RAVeLiCLAYfY SANVr' GRAVEL

59 27 37

140 18 29

SP
SC

SM f-'

350'

GC NS
50.0' -f---- . -j

68 35 39

53 22 63 17~ few bOlllders~4"--- --

GW --~ANDY GRAVEL/CLAYEY SANf1Y GPA~
GC 61 30 31 8 E s:~ ccbbles to 4"

L- CLAYEY SANOY GRAVEL
GC 60 31 ')4 21 t--

38,,---c-_ . -r:=-
GP 69 26 40 12 ~ SAHrn GRAVeLlSII.TY SJHnr GRAVfL

4_1._O·_~ _~ _ I . _~~_
62 30 51 19 t-=-= SIL TY SANr.Y GRAVEL

~-f=
65 29 45 '6 r-=

410' I-+--------'f------::c-c==:c:
r---- CLAYEY SANDY GRAV[L, dork bro..n, 11I0 1St.

~ dense, sub rounded grovel ond sond

16 t== SILTY SAHC1r' GRAVEL, 5"; cobhles iO 8"

GM I-------Ff----=

GM
~,-

GP

770 GC

58 27 37 15 t==
~~g' Gc . 66 . 35 . 40 17 t-- CLAyn SANDY GRAVEl..

~~~ 69 2..i-~~f---, SANOY (iRAVfLlSllTY SANOY r-RAVrl..~,.dd, sh
590 ~I- 66 35 39~~'~own. I'IOIS'. den${!
-- ......,. '67 23~j;~~~~ SANOY GRAVEl, dork brown, :,st,

6li' SC 63 33 f----- CLAYEY (,RAVfLlY SAND. dork brown, mOIst.

subrounded groveland sond
GM 53 21 41 13 F== SilTY SANOY GRAVEL --

5_5_<)_' -f------, f----1
GP 51 26 34 12 F== SANOY GRAVELICLAY[Y SANOY GRAVEl

_58_0_' ~f-" ~ --+--l---f=,"--:=
YJJ.O...IL ~: 58 25 35 F==J SANOY GRAVEL/SILTY SANOY GRAVH, -:Ofer

7/0' 12 f------1 neerled 0' '~ to prevent cov,n_._

b S'I.Ty SANVr' (jRAVfl.

'6~

EL .31:19"!.~ Me _L PI .:I -200 N J[SCRtPTI01l.

."P f 9;Ls ~I.1Y <ANP. I,gh' b'own. d,". '00"

~ NP 94 34 F==
-1-+-----1 ~ SANr1f r.RAVfL. lIght bro..", dry. dense,

.. ~ ?OX subrounded cobbleS to 8"

GP NS F==
~

~I-+_ -l. -I_--If----_-r

osI6

SANDY (jRAVf.LlSILTY SANDY (iRAVEl.

GRAVELLY SII.TY SAND

SANOY GRAVEL, bro.n, auger speed alter·
notes bet.een fast ond slow as I f dr' II·
Inq H,rolJgh olternot,nq so" and harrl

---;,=',:":~L~f::":"-~;ce''':;''-:~'::O-,IS",'''L::''ry-c:::::GRA-Vf-LL-y-SA-ND-
'=

+

47· 9
SANDY GRAVEL/SIUY SANDY f,f?AVEl

== S' LTY f,n.1VELl Y SANO
7j 16

B4 26

GRAVrLLY SANfl/SI/ rr GR,WELLY SANr

NP 72 12 i::::::=

NP 51 7--

NP 19

NP 57 It

:=::. wet
NP 61 10

NP ')9 6

NP ~ 60 - 10 _ GRAVfLl.Y SAHO/SILTY r-RAVELLY SANrj-:-brown,
___>--- p,.rched~.!!!....:...... _

NP 34 4

LL P 4 200 N DESCR'P- O~

I ~ SANOY (:RAVfl /5 I L TY StlNOY GRAV[L 
- hrow" g""v. dry, dense, ;00·10' sub-

NP 30 S ~ rounded conbles and bOl/lde,s 10 /4"

~--------
SANDY GRAVEL. r'!dd,~h hrowl" ntHSt,
rlense, 20·2~'; SlIhroundf!d cohh''!s to
10"

SM

SM

SC 44 18

GP

Gw

GM

560'

/90'

GP

76'{)' GM

GP

47.0' f--

~: NP 69 6 ~_ GRAVELLY SAND/SILTY GRAVELLY SAND

~~=:I30:~B~ (.LAYEY SAND, .::",,-h,,-,'.:.-'-__,__::c-c__,__c:-:---
SP \....-- GRAVELLY SAND/S/l TV GRAVELLY SAND

~ SM 40 14 57 10 r--
l-- SILTY GRAVEL/.Y SAN(l

NP 63 15 L=_

NS

~I----
GW

560 GM

sw
280' SM
--r---

~: I------~==

SM NP?!.!L _

GW 38 6
250' GM

I
NP. 52 II f...---.. SANOY GR~'LTY SAN(J(~AVn ..

E f,RAVfU.Y SII.TY SAND.
SM NP 79 22

TOO' f---- ----L:=--- ---- ,---
~: NP 51 6"-----l SANOY GRAVEL/SILTY SANOY GRAVEL.

73.0' c:::::;

I'JP 50 ,,5
NP S9 I.q

",80,-,0,-'.'--'---'_-'-1-I-----'I_OL..r-:-c-:r-r----
REMARKS ':;0-80' deD'h, chonqe in ouqer
speed i""pl,IPs _r,lI,n9 '"rOU9h oll.rno"ng
soft ond hard soil loy.r•.

f-
GP + -- SANny m?AVELlCLAY[y SANOY GRAVEL.
GC 58 37 43 12 =: r'!t1rl. sl, brnwn, '.10' S t, dens~, f!()·?Sr.

"15'-'0'-·-I--_I- ._--'~s,,hrounded r.obbles In 10"
fiRAVE"LLY C/.AY[Y SAND. grf!y. sllhroundf!d
'lruvel

J8£f-_'
WJ9_0_

SW - 

SM

~r--

EL /384 -l- _DC> Me

SJrNf'1r' GRAVeUClAYeY SANDY GRAVel.

CLAYeY SAHf'1r' GRAVel

12 ==
SAH(J'( GRAVfLlClAYFY SAN(YY GRAVel.

10 .=::

I SILTY GRAVELLY SAND, r~rld,sh brown
66 1 19 p

.1 ~ SANfJr' GRAVfLlSILTY SANOY (,RAVfL. redd.sh
43: 12 r== bro...n, fe" cohbles 10 8".

+

61 30 46

76 SO 53 t3 1==
CLAYEY SANDy GRAvEL

43 22

r--- SANDY GRAVfLlS It TY SANDY GRAVEL
71 39 48 10 ===

70 47 45 17 ~

, I ~ SMOY GRAVrLlCLAY~ SANDY GRAVeL ,
46 24 37 II P' dark bro.n

56 30 46 15

SAHf7Y GP.AVfUCLAY SANOY GRAVfL. reddl sh
Cj5 '39 41 11....-- bro.n, c.llented. S·I~ cobbl~s '0 10".

r-- CLAYEY SAH(7Y GRAVEl, -"ork brown,
72 50 51 18 L- cer.'lented. S·j~ cobbles

62 47 37

73 49 156 12;::::=

NS

GP

GC

GM

GC

+ r- GRJlVfLl~LAY[Y GRAvEL: reddISh
GP 17 S t== ~~?,..n, mOIst, dense, 15,. cobbles TO

GC f----I----~. ----F== SANDY GRAV[L/ClAYEY SANOY GRAVEL
29 9 30 S t:::=

Gw
GC

I

I

GW

/8.0'

33,0'

GN

300' GM

GC

GC

54.0'

GP

360' GC

Gw

390' GC

420'

57.0

55.0'

480'

SM

GP 71 42 27 9

~I--GC""-I----+~-==--;:C::-LAY=lY::-;SC::...::;rrr::-:G:;;R"'A'::;f"'L-."":dC-o,' b'own.
cohel' ve

240'

GP

51-0' GC
---

GC

Gw

270' GC

60·0

Gw

nt)' GM

;....--' CORE BARREL, FLI GHT AUGER. BIICKET AUGER
f:=:::j uod GAD USEO· dlle to 0 nest of hOlilders

:...TO"-."'O:...·I-+_~__i___I--l-__IC:::;C-----------__,__-
SC ]4 12 62 16 t::::= CLAYEY GRAVfLlY SAND, reddIsh brown,

!....i...:.J2.. r " 5-8" r.obbles to T".

GP 50 8 f- ~:~~s~P.:~~~:;ILTY SANOY GPAVfL.

llLI--
GM
---1f-_-+_f--L--1:f---'=r-;c=:;-;:====--;-;=--;o;;=;--
GW ..., SAHf7Y GRAVEL/CLAYEY SANC1r' GRAVEl.

78.0' GC ~3 21 42 12 F redd,sh br••n, cemented.

=-I-+----l--t-i-~

F=
46 1'2 h

I ~~f-+-+--I+-t-- t---t,---,-+---:=====".----,.,-,--,----

I
I f-----l SILTY SANOY GRAVEL, redrllsh brow".

49 13 P ~ cohbl~.

a"'a"'.oe-'-I---II-+--+_+---r--tI===1I-::==-::-:==-=""'--,----,--,,--__.l!! t .
KJ.O' SM 80 138 A ~~;~f~;~b~~~ TY SAND, dar" brown,

EL .38B:! LOG Me Ll P -4 -200 N a(SCRIPTIO

~ SILTY SANr~,.O.". dry. jons~
20 5 99 41 ====

SM f-----' ' -=
70 2 98 39 c::=

~t-+--~-r-_F_- ---r---= SANDY GRAVEL. brO"", dry, denn.
~ :~,~2OX cobbles, IO·2C~ boulders to

=
25 2 t==

If VISIONS

I ....

I
U. S. MMV lHGNRl DlSftlCT

LOS ......OW
COIPS Of EHQItotfftS

NEW RIVER DAM
DAM EM8ANKMENT FOUNDATION

SOIL LOGS

GILA RiVER BASIN

AND VICINITY (INCLUDING NEW RIVER)PHOENIX. ARIZONA

_n,

_II',

T~l

'y?t3-.

~ 1
14
~ SILTY SANDY GRAVH, dark brown

GMI-+-+-t--+-+---1
37 10 58128~

~.O' ,-----
~1-+-f:N7:S+--+-+--+f---t-;DP.;;;.""L"'L""II6""'::-,,"'o".p"',-od-d'--u","',"o"":n"',"',';-:-0'--'

boulder.

VERT. SCALE: liN: 5 FT.
~ 0 :t 10
H E3 F3

I
~'om 0:

~. -- OISTRICT FILE NO 241/251

FOUNDATION REPORT PLATE 7



VA LUE 'E NGIN EE~ING PAYS

SAflIJ/CL....EY SAIl1O. rH-/rett .,.............
dltn.e.

SMlJO'( .....-rLICLArfY SAQ" MWfl; ~.
b'...n . .... .."... oft ewllr~ ~/_'0 if" a.retl.d ••hr ., 22'.

b,.-n. ~, ... ,,_.1. 1ft~~

c~'.' '0 '''.

SILTY SMID. /,!JIII br_n. dry. 1M".

SJiM(]( GRAVEL. gr.y, 4,'1, ...... In .~

rounded c:oDb'.' to 5".
=
===

'=
~

II ==

-200 N--
t=I

I
+

NP 28

I

75 46 91

NS

GP

GW

SP

210' SC

18.0'

15 0' INP t7 3 l==
2.!<-!-+--+--+-++---jf-=-+ --,.-..-".-.-,_-,-",-.-.-,- --- --

32 10 27 3 ==

GW 45 26 36
aLLG",C:..L--.JL-...L-J._-'--L>--=.

EL 1388'=lOG Me Ll PI -4

"SM

TT 80-197

I r----- SAND. grey, dry, ~HY loos~, sub
I-- rounded f I fie sond

NS

NS

.. ~ SAN(1r( GRAYfl. grey, dry, foose. <fOX
I-- subrounded grove'. 10% sub rounded

>.-+--1-+--+-';=E=l-~I'lS to R".
GP + reddIsh brown.•01S'. "edIIH!l~

29 35 3;......- 20% subrounded cobb/u '0 8".

=lod

12.d GW

B.. 1389'±LOG Me ... L

"20' SP

SANtJr' GRAVEl. ,edd,sh brOll'n. dry . .... ery
df>nSf' 5':( boultlers '0 /4".

GRAVEl/CLAYEY GRAVEL. block. "e', ."d,u.
defile. 15" .ubrOUflded cobbl"s '0 6".

GRAVEL ••h. fun, dry, I'uy dense. co/.r:he.
20% subround.d cobb I., 10 10".

GRAVElLY SILTY SAHOIGRAVELlY CLAYEY SANO.
light brown, rlry. loose, collche lenses
01 4-5' dell,h

TT80-195

.0

69 42 to 6 ~
~

-
+ r==

NP 14 I ~

F=
-
=

41 18 t4 2 ==
=
=-

SM

SC

GW

120'

GP

GP

230' GC

200'

EL 1393'+LO(; "'Ie LL P -<: -200 J\i

~

==
=

SM40f GRAVEL, "!lM b'Ott'n. lO-I~
cobbles. 10-15); boullh,.,.

SILTY SAND, /,ghl brown, dry. loose.

TT SO-30

l=
100 "1:=

>--

~4 -200 N

IE=:
NP 92122~

I.-

NS

22 2

GP

ML

SM

95'

'5 O·

~/J9s! LOG Me LL PI

TT 80-199
TT 80-200

TT 80- 201

SAIIOY GRArELlCL.rT S.-or C;"...u; r"d~i" .r.....
4• .", den.. , 71 .ubrou"~ cobb'.' to 'lO.

SIIff1( GRAVEl/SILTY $AIIIDr IilItM£l, 1,-", .r......
dry. 6ense. IOl( c..-.le. 10 '-.

SILTY S.a. ,.n. dry. 100...

1:=
7 \---

PI • 4 -200 N
~

NP 98 33 l:=:::
~

==

59 32 99

+
~ 23 33

69 37 34

NS

sc

GP
GC

GP

GP
GN

SM

GP l=
310' GC 45 25 47 7 t==

220'

28 O·

60'

160'

GW

25.0' GC

-
+ 1==

NP 52 7 ~

~

~I-+--+_.J-+-l_+e-==l--=..,-..=.-------------
+ 1:= S-' ""El.

NP 23 1 ~t-s7I11f1JrO-=--OCG.=-IW=EL"-I"'CL,",IIi';;;fY~rS"'=(1("'"_=EILr,-;C'''=d~''''''••''''--'
lIo.el. dens". JOIII: eubrounded c""ee ,. '''.

A 1387''+ LOG MC LL

SAHfJr GRAVEL/CLAYEY SMUlr GRAVEl. r"dd leh
brOf'fI . .,OIS'. dense. ?Ot: subrounded cobbles
to 10".

GRAVELLY SAND; gr"y. dry. loose, 15" .ub
rouflded cobb I ef '0 12 M

SILTY SAND. II,hl brOtt'n. d,y. loose.

I
49 28 t 5 ~

NS

SP

SM

GP
150' GC

'30'

E!:. 1388'!LOG "'1C LL PI ·4 -ZOO~

F=
r==
=

...!.7:JOL'I--+-+-+_I--+---1~I----------------r==
NP :3 3 ~

f=
f----

NSGW

sO'

200'

.E1..... 139~'.!LOG MC LL PI -4 -ZOO~

l=
2.Z 2 94 "0 ==

=
1==

>.---l--,2-,+,-\~.-=0+=:I47-f:::::=j --r.uvnLY---si"L"TYS~'c~ --- -

OP 52 21 4. 7 l---- saar GltAVfL/SILTY S/fItK1( GftAYCL.
~L;G~N'-L---l_-LJ---.JL-..l~_.L_----------------

TT80-202

~ 1391'+LOG ~C LL PI -14 -200 N

RfVISIONS

DATUM IS MEAN SEA LEvEL

SM

60'

GP
GC

100'

'0

NP 'l5

+.,.
+

NP 28

~
37 ~

=

SILTY SAJO. 11-"' brC*'". dry 100...

SIIf(]( GltMfL/CLA'(EY SJIK1( GWAt'fl. 11""
brOffn. dry . ..nee. co/lc"e.mefrur 5%
.YOt'o--.d cobbln '0 S-

s-JY G«AVEl. I j~t br..n. dry. denu. 51
eubrol.MfIetI cobb I•• '0 5".

NOTES

1 mPM'lb }. FOR LOCATION OF TEST HOLES
AND TEST TRENCt4ES

SEE PUlE;' 1.; fOR LEGENO, IIOTES 011O US IS Of

CLASSifiCATION

I
U. $. MM.Y !NG1'4!Il DlSflO

LOS AHG8.£S
ee-r5 Of fHG_S

150'

GP

180' GC

GP

220'

+
54 29 25 7 r==

f--
53 31 47 4 ~

i=

SAllOY GffAt'fL/ClMEY SIIIf{7( GffAVfL. r.dd,.h
br..n. IMIII, hnu. 5); eubrounded cobbles
to if",

S..,,- GlltAVEL. 51: tub,..,n'" cobb lei to ...

VERT SCALE I IN : 5 FT
o !l 10

H H H "
GILA '"'IE" "Slfll

PHOENIX, ARIZONA AND VICINITY (INCLUDING HEW RiVER)

NEW RIVER DAM
DAM EMBANKMENT fOUNDATION

SOIL LOGS
_IT,

I!T~

SAFETY PAYS FOUNDATION REPORT PLATE 8



SILTY SAIID.

CLAYEY SMlO'f G"AVEL, ..dlllfl ........ "

bould." '0 lfi".

-4 -200 N

." 161==
I--

I-
99 51 1==

u....1~±LOG ... e LL P'

"'L 58 NP
30'

50' s... 5,2 NP

Ge 3Jl 27 12
80'

SILTY SAWOIClAr 5"0, I.gh' b,o--n,
dry 100".

BEDROCK; g,onl fe, bucket auger refu.ol
ot 1'5'. "it dug In bol'olll of f'e"r.h
6' Jl S'. gronl te bedrodt. eltposerl ot 24'.

StliNf'1( GRAVEL, 10-15% Doll/af/,S to 24".
col !chl! coot ''''9 on boulders

SILTY SMtD, whl ".h brOfO'n, caliche.

TH 79-~

'200 N

NS f--

-351=
I-

f-+----1----1+-+-..-f:==i -.-,-••-n-, c-_-n-',-d, ---

PAYS

GP
Ge

25.0'
240'

I-

21=
I-

f-+-f--+-+-fl=l-,,-.-h'-',-_-n-,-d-,y, -d-.n-..-, 'O---I5-~
i2 4 == boulders to 15"

=.lB.iL..-f--+---1---1+-+-+-+----1-
s
...-I1(-G-R-.v-r-L-/C-L-..,,-f'{-S-I/II-(1(-G-"'-AV-r-L,

76 49 ~~ 8 ~ r.dd,.h brown, atlI.,t, den.e, I-S);
~ boulders to 15"

f=

EJ:.... fJ!J"~ LOG ... e LL P'

2' • 9'
S...
se

60' 2' 6 '00

SM NS
90'

+
2'

GP

ENGINEERINGVALUE

sMlar GRAVEL, I"h' crOlJ'n, dry, dente,
10-15X coccles '0 12"

GRAVELLY SAND. 9'''Y brewn, dry. loose,
5X cobbles to 3".

63

+
66 39 42111

OvClutt 01,19" r.fusol 01 34'

f--

1=
1=
1=
1=
1==
f--

+ 1=
20 1 ~

1==
1==

1--+-f-+---1--l:_==:l-,-.d-d'-'h .-,-_-.,-•• ,-.-,,-.,-n,e.-5.-'-""
i--- boulder, to 24", cft",.nted.

1=
1=
=
=
==
-=-=
;=

GP
Ge

GP

) • .n'

f!:....1384·! LOG Me L L PI -4 -200 N

20' SPSILTY 5.D; 1,,,Itt br...n, dry, IOOH.

SAHCJY GRAVEl. lIght brown, dry, 100",
I~ cobbles to 12 H

•

SANor GRAVEL/CLArEY SAIlOr' GRAVEL,
r.cfd,.h bro""', 1101". ISr. cobbles to
10" .

~; ~s"e, grey, 1ractures of

~ 1J88:' LOG ...e LL p, -4 -200 N
f--

s ... tOO SOl=:
30'

f--

r=
+ l=:

GP 28 ,r=
l=:
r=

130' -
:=
=

GP + =

Gl
37 9=

=

=

2<0' =

NS i--
260' I--

TT 71-17

EL 1399! LOG ...e LL P' -. -200 N ~1382'+ LOG Me LL P' - 4 -200 N

S...
I-- SILTY SANo/r.L.A'fCY 5*10, I,ght brown, loose. I--

S~(J( GRAVEL, Ian brtJolf'n, loo.e, ._e cobble.
se 20 • 91 29 r= 06 NP •• 3l= to 7".

3 5' f-- GP I--
--- --- --- -- --

1== CLArEY SMD. dork brCHl'n, c•••nt.d. 7' NP '6 • l=

lII.rl,U,. den,e, c•••"t.d,
SC 26 9 92 ~5

60' u:..
I-- lIEDROCK. Slrondr, drcomposrd, frocfurrd orw1 I-- frRAVELLY SAHD/S f LTY GRAVELLY SAND, to" brtJolf''',

NS 1== jo,n'rd SP
65 NP 6' 6l= IIIfU1IU" d.",e, ce••"'ed.

S.

100' l= 10.0' I--

Backhoe refusol 0' 10' .

NOTES
PUTE 3

I, SEE __ FOR LOCATION OF TEST HOLES
AND TEST TRENCHES.

2, SEE_FOR LEGEND, NllTES, _ NSIS OF CLASSIFICATION,
PLATE 7

DATUM IS MEAN SEA LEVEL

lEVIS IONS

I
U. S. MM.Y ENG"'ER 01$11:0

LOS AHGfUS
COIP'S Of ENGfHf!l.S

GILA RiVER BASIN
PHOENIX, ARIZONA AND VICINITy (INCLUDING NEW RIVER)

NEW RIVER DAM

DAM EMBANKMENT FOUNDATION

SOIL LOGS

VERT, SCALE: I IN : 5 FT
~ 0 5 10
........ F3 F3

IfTR
SI"fC. 1'«), CMCW09· __8_~ ...QQL~ ~

orsmcr I'!I.E 1'«). 241/253
80

SAFETY PAYS FOUNDATION REPORT PLATE 9



VALUE ENGINEERING PAYS

CORE
LOSS
IN "I" ELFV '4446'

AlLUV/UN Reslduol sal' aod slop.wosh.

0'

GRANITE groy.hord,coarse groln~llght'y weathered
highly froctured,zones of sl,ghtly to lIIoderotely
weathered,lIIoderotely hard to hord,groy-brown (rust
stained) granite 98·11.3: 12.4-/6.0·,of, 5.0
.9.8;.oderote/y soft 16.0-18.8'.

-+T.iof-+Foc';;:U;-'U;-;ZON=E- Incl,ned 20~brecclated (occas.onol'y
reheoled) to highly fraClured,rust stolned.lllodero'e
1'1 soft to hord,lIIodrrolely to h.ghly weofhered ,
GRANITE .-, th ,h,o layers of cloy gouge, 26.3-27 0
solId t: 14'1 gouge.

67%R,.cov,.ry Sep'el"lher 1980

orJlled frOlll 0.0 to 4!i,O"or H If slud core. 100%drJII
.-oter r,.turn 0.0 '0 4!i,O'

GRAN ITt; as above .

I shattered 9.8·10.6, 11.3-11.6: 14.5-14.8'

1
brecclotefl and rehealed.rusl stolned.llloderoleJy

00 00 hord,o hard 12.4-ll 4: 16.0-18.8; 46.8-47.3'.
01 00

JOInt dIp P"~O" Iy 40"..70·ond are sl,ghlly weathered

2.0_ O,_2..l4:<B'--O""----'-_---L--'o::.n"'d--"-'u.::.''--,..::'.::'o::.':::n':.:d". _

LEFT ABUTMENT

00-21 ,nclined 45°)

10 0.8 0.1

5
'0
20

38.9

16 0

'40
10

.e 0

/oln's dIp """'0" 1'1 20"-lO·ont1 ore Iron !dolned.
sl,qhtly to fIIoderotely .-eotn,.red .-Itn occasIonal
s I ,ckens ,des

GRANITE as ahove

shottued 22.7-230: 29.7-30.3: 32.9-33.2:
"4.8-45.5', .., 5-48.0: 511.8-59.2'

brecc,ohd lmd reheo/ed,l'odllfole/y soft to
.aderotely hard,usuol'y flisl .,tolned 28.9·
29.7,480·48 T. 4.9.8-50 . .0(, 52 '-535.55.0
56.6.57.6-58.0.59.4'61.0

ALLUVIUM qeSlduoJ $01' and sloDellfosh

GRANITE 9foy.hof(l,coorse grn,nlld,hlghly
fractured .."h zones of sl,qh"y '0 ,.od
erofe/:, lIfeothered. /fon stoln"d._od.rntely •
hard to hard,l)(o,/ bro..n 9ftJnl Ie 10 0·"0.
1?2-/g.4~ ?!i 4-?6.( 47.5-52 r. 55.0-580:
59A-6/.0·ond 62.2-61.0'

FAIILT lONE hrecc'ated gron"./foul, brecc,o
.-,In brOft'n r.loy goul}e 10y,.rs,sllckenslrl"s,l"lInor

."-IfLL"I--i rust stoln,ng,zone ,ncl,ned ohout 70·

LEFT ABUTMENT

DO - 19 (inclined 45°)

0

TEST

'2 e

'0 112 ,e

20
'62\

,e

40 25.6
"

336

'0
.,

~8.8 20 32.5

20 23.5
"J.2 40 3'5

'0 62

1

06

20 7.7 0.6

40 10.6' 0.6

60 $ .'i62 2 630' ",'

20 1 I 0 I

L9 40

J::1 ::J 2

93

d:<I 60
169' . ':

.93".. Recov,.ry Septelllber 198r

DrIlled frOM 0.0 to 76.!=':for N'" slud core 1007.. d"/J
.-oter return 0.0 to 36.0; O%relurn 36.0 to "3.2; 50%
return 43.2 'a 76.9'

RIGHT ABUTMENT

DO -45( Incl,ned 45°)

RIGHT ABUTMENT

00-22 (,ncl,ned 30° )

brecr.,ofed and r~hl'!oled .15 f-J8.3. 4S.8 49 4'

-....
DAlUM IS MEAN SEA LEvEL

NOTES

1, SEE fJtF1..: f FOR THE GEOLOG1CUP AND OIAMONO DR ILL
HOlt PLAN OF F~PLORATION

PLATE 5 2, SEE~ fOR OAt~ EMBANKMENT fOUNDATION GEOLOGIC PROfiLE.

PLATE 6 3. SEE~ FOR LEGEND.

•. DIAMOND DRILL HOLE ELEVATIONS ARE SURVEYED.

5. All SOIL CLASSIFICATIONS SHOIN ON THIS SHEEl ARE 'tISUAl.

6, DIAMOND DRill HOLE INCLINATIONS ARE _EASUREO flU. KOftIZONUl.

/"ncJoled and rrheoled 16,8-17.?: 15,6-16.1, 3D.8
.'fI.0: 31.6'31,9: -"8.?-39.4'

s/Ightly fraclured 10.6-11.8; '''.4-14.R',

slIghtly to moderohly 'rocfurl'!d 55 ?-Ijq 7

101fl1s dIp 70!neor rerl,col.lflostly parallel .-J1h
Jntersec1lng 20~6D7slrghlly .-,.othe:red to 8.0'""h
tlro.-n re!tlduol soli 'rilIng, Nost Jo'nts coolOln
vory,ng olllounts af colClte ~Jth l'I,nor hard ('loy

IIlod"ratl'!/y to hIghly fro('tured 1.9-3 3, 17 2-20 6.
.l'j0.2-S!,2·, 60.4'67.7'.

IIIorlrratrly froct",red 6 0-(; 7 9.0-10,2: 24.2-24.9'

COM

1~0;~ £L E V '''~ j'

93".. Recover!' JO(luary 1981

nrliled fro,. 0 0 to 3 6' far N X sued core. fran ".r. to RO 4'
'or N It' SIzed core 100'-C:rlll .-oter relurn 00-155:16.0-
I!=' 0',458'510: 50·IOO%d,,11 ,,('I(Or loss 15.5-/6.0:19.0-45.8:
51 0'1'0 .. '

-..:-~ I Al£lESlTEgroy,hord,hlghly froctured,occoslonol
- : VU9.( 0011 Io'eslc/es.

· -
'0 .. 3.' · .

25u - -
- --.-I- -

'0 '4 4 '9

,0 25 23
.

_ 45.5

- -
'0 13 0.'

20 .5 0.' I=-~
30 50 0.3

~5._<4 r-- : ~

'0 47 1°5 ·.
20 I' 6 06

I40 ,6,1 0.' · .
eo 4 90<:'

--

f-----PRES~~E TEST _--,-
DEPTH l,..n~l1RE Q r<

'0
':'"EST

sholt'l:red 187-19 I, ?9 4-30.0: 43.S-44 0:
457-467: 47 6-48,?: 67.4-677'

[LEV 13916'

ALLUVIU/ll sll'-,,-<a-n-cdy-,-,u-vel and slopewosh

ANDESITE groy.herd,IIIoderately 10 h.ghly
'roc lured

JOInts ritp :W~70oood or~ slIghtly weo'hl'!red, .. lth

I

mtnor rust stoullng '0 34'ood m,nor cloy f,II,ng

'0 56'

I
I

1

_---

--

73.•,: :

97%Recovery SI!j)felllber 1980

nrll led fro,. 00 fa 7~ 6' for /II , SIzed core '00 %
drill .-oter rrturn fro,. 0 0 fa IR 5:23 4 '0385'
and 56 0 to 7J 6; 50-IOO"l'.. dr, II .-oter loss 185
23 4 o(ld 38 5 10 56 0

PRESSURE TEST

DE.PTH PRESSURE Of~ PS'

NO
lEST

'2 0

'0 138 "':3

2 3 0

'0 IS' 2.'

20 18.:5 ,e

30 216 16

• 35

'0 ,e 3 , 8

20 235 27

56.0 '0 333 26

'0
,. o 2

30 26 o 2
'36

• fVISIONS

u. S. M.MY fNGfr4f!l DC5T1.ICT
LOS AHGflf5

OOIPS Of fHG_S

GILA RIVER BASIN
PriOENtX. ARIZONA AND VICINITY \INCLuDING NEw RivER)

NEW RIVER DAM
DAM EMBANKMENT

(RIGHT AND LEFT ABUTMENTS)
GEOLOGIC LOGS OF DIAMOND

DRILL HOLES

PLATE 10

Sf'fC. NO. DACWQ9. _f!~_ ... Q91~

DaTMCT I'U MO. 2041/231

RLT

FOUNDATION REPORT

30
VERT SCALE I IN • 10 fT
(, 10 2U'0

PAYSSAFETY



VALUE ENGINEERING PAYS

EMBANKMENT LINE I EMBANKMENT LINE 2 EMBANKMENT LINE II

Approxlf'f'lOfe
/' Ground Surface

1392 - :====~~;;=;;;======::::==='=================~~~;::===7\::1230tPI 1
230

f
P
I---/

1375 -

1392 -

.375 _ 3350 tPIl

ApproxmJde
..£. Ground Surfou

1380 tPI

3200 tPI

ApprO;lUmofe

f GIOIIII(l Surface /1000 fps

1395 - ================::!::.:::::==::lI===~.===========~::::==/GriMil,
/ ••dlaek

/
/

/

/
/

I

270
60

240
90

8300 'ps

- - - - - ----

210
120

IBO
150

4400 lell

150
180

lLO
2'0

17400 'ps ove.l

60
210

.. 000 t,"

6700 fps

30

SP-I
330

...... 2.5'

BO

70

1320 _

1345 -

1370 -

EMBANKMENT LINE /3

04 700 tPI

1000 tPI

o..,

(9500 tp. 0 ..... )

3500 tpl

10, 000 tpl

.
"..,0

.'>

30

20

10

3.2'
S-~P~_I'---=-:3:':0'----:".60~--~90;C----;C12bo;---;;'5tcO;---;;IBi;;0~~--'2t,,0;----,2o±4"0----,2>17"'0:---3,j0¥0'-~330

300 270 240 210 180 150 120 90 60 30 SP-2

1360-

1330-

1345-

1389 -

ApprOlHmote

L Ground Surface

OUTLET WORKS LINE 12
1370 -

2400fpI 3500 tp.

2000 "1

Approxlf1I(Jf'e

C Groufld Surface

10,000 'PI

EMBANKMENT LINE 14

'300h.

('Oaf"
2400 fill

---------_1- ....
. ''"{ "'00 till

\~ Old Ri"H C'h«t1N1

'~-- -

60

1389 -

1370-

1350-

8000 'pi

210
120

180
150

150
IBO

120
210

90
240

1100 f ••

.500h,

60
270

SP-I 30
330 300

10

50

30

20

40

80

1310 -

1330 -

1350 -

LINE 15

___ " •....,34'

EMBANKMENT

45 60 75 90
120 105 90 75

Approximafe

:===E'~~==========,~G=,o~u~n;d=S~U~'f=OC='===============""~:1383 - 1260 fpI tl800lPI

8600 f,.
40

30

20

ApprOXimater Ground Surface

1396- ===;:::::====:::!~~~~=====::::::=it::::::==:
\:1550 f,,, 1350 fp.

1380-

1370 -
4100 tpl

3~!50 'PI

1350-

1330 -

U. S. MMY fNGlHffl DlSll.fC1'
LOS AHGfUS

ee-rs Of fNGINU!lS

GILA RIVER BASIN
PHOENIX, ARIZONA AN 0 VICINI TY (INCLUDING NEw RIVERl

NEW RIVER DAM
DAM EMBANKMENT AND OUTLET WORKS

REFRACTIVE SEISMIC SURVEYS
TIME-DISTANCE CURVES AND PROFILES

DATUM 1$ MEAN SEA LEVEL

_EVISIONS

RLT

_n,

n"""

4 REfRACTIVE SEISMIC SURVEYS ACCOMPLISHED OCTOBER 1979 WITH A 12 CHANNEl
GEOMETRieS SEISMOGRAPH 8Y lOS A.NGELES DISTRICT PERSOliNEl

INTERPRETATION Of DATA fROM THE REfRACTIVE SEISMIC SURVEYS WAS DONE BY

LOS ANGELES DISTRICT PERSONNEl.

PLATE 4 I SEE ~FOR APPROXIMATE LOCATIONS OF SEISMIC SURVEY LINES

PLATE 23 SEE ~fOR TYPICA~ TIME-D-ISUNCE CURVE AND PROFILE

SHOT POINT NUMBER I (SPI) fOR ANY LINE IS AT THE SOUTHER_Y END
AND SHOT POINT 2 (SP2) IS AT THE NORTHERLY END

('}IOO fp. 0 .... I'}400 fpI

e800 ""

70

60

68.5'

50

40

30 J""Of/J.

20

10
10 °0"'. 1.4'

--'---
$P-I 30 60 90 120 150 IBO 210 240 270 300 330
330 300 210 240 210 IBO 120 90 60 30 SP·2

1310-

SAFETY PAYS FOUNDATION REPORT

DfSTItKT ~E NO. 241/246

PLAT E II



VALUE ENGINEERING PAYS

PLATE 12

"'"

Ino

,-

DII'MCT PU NO. 24t/l32
REV "A"

..
0:

$-0.- - - lNO

OATU" ts MEAN SEA LEVEL

If VISIONS

NEW RIVER DAM
DAM EMBANKMENT (LEFT ABUTMENT)

AND OUTLET WORKS
PLAN AND PROFILE OF

TEST TRENCH EXPLORATION

0001

GILA flllVER ....SIN

PHOENIX, ARIZONA AND VICINITY ItNCLUDIftG NEW flllVER)

:

~eviseJ OOl.UnS1ret:lm (AI; l'1IanTof IItl.1wD"k.~

OUTLET CHANNEL INVE"T

"<00

RLT

...... ..,

...... -

FOUNDATION REPORT

12+0013+00

~
ALLUVIUM' s'll, tond ~=~--....;,---~--...:~.J' 9rO....II, till, ~,------ -----

" ALLUVIUM:

'~, Gr \ 40'"/. cobb I.. and .01/1"" '1'1 lill, tOl'lll, "."11,
\ \ ,iI" land ,"oh,.

'~I' "-- ..w,o.imal. lop af
\.... sofl b.d.ock

A"O.o.i",ol.
10001 hard "d'OCk

14+00

Gr

I!)+OO

DISSIPATOR
NvERT

VERT SCALE: I IN.• 10 FT.
1050 \020 lO
LHHHEH

HORIZ. SCALE' lIN. = 100FT.
100 :() 0 100 200 lOO
'ABHHH

1... ,.

PROFI LE ALONG i OUTLET WORKS

LOGS OF EMBANKMENT TEST TRENCHES

I~f Em....m•• /

I %

NOTES:

PLATE 2 1. SEE~ FOR THE GEOLOGIC lAP AND 01..- DRilL HOLE
PLIoH OF EXPLORlT ION.

PLATE 14 2. SEE~ FOR LOGS OF TEST TRENCfotES 9 THROUGH 14.

PLATES 15816 3. SEE SIIEET!! 18411 FOR lOGS OF TEST TMNCHES 11 TMOUlit 12
AND 42. 44 _NO 45.

PLATES 2 8 5 4. SEE 81 EEn!l liD I FOR LEGENDS.

5. AlL SOIL CLISSlflCATIONS SIlO,," ON THIS SHEET IRE VI SllIL.

6. TEST TRENCHES 9 THROUGH 14. 42. 44 THROUGH 54. AHO B1 fHROUGH 92
WERE EXCIVA TED WITH A CASE SBO· C BOCKHOE

7 FINAL DEPTHS OF TEST TRENCHES 46 THROUGH 54 WERE OETERItIINED BY REFUSAl

IN BEDROCK DR COBBLES AND BOULDERS.

B. THE SOft BEIlIlllCK PROfiLE WAS OEVElOFEO FROM DIAMOND DRILL HOLES IHO
TEST TRENCHES.

9. THE HARD BEDROCK PROfiLE WAS DEVELOPED FROM OIANONO DRILL HOLES INO
TTB2·2.

PlATE 13 10. SEE _ FOR LOGS OF TEST TRENCHES B2·1 THROUGH B2·6.

11. TEST TRENCHES 82·1 THROUGH B2·6 WERE EXCAVATED WITH I. 09G DOZER.

12. THE NORTH WALL Of EACH TEST TRENCH liS MIPPEO WITH THE EXCEPTION
OF TEST TRENCHES 82-2 AND 82-3 WHERE THE WEST WAi.lS IERE MAPPED.

PAYS

4. - s' 11' LllIlG III &1° E 0.0-6.0' . SILTY S.lIIIl. IUftLLY SILlY SIIIlI 1.0..... 0· . Cill CItE CEIlENnO calLES _ IOUUUS.
2' IIOE I. 5 TO 2' IN OllllETER. REFUSAl IN ctltILES _ IOUlD£RS.

4J 6 6.5'
12' LONG

III 75° E
0.0-6.0' : SILTY SIIIIl. IRHElLY SIlYY SlIIll. 1.0..... 5' . 11£0·_. HI6l!LY IUTMEIlEO ""AlIITE.

2' IIOE REFUSAl IN _ITE IT 1.5' .

4S •. 5 J' 16' LONG
III 7..° E

0.0..... 5· : SILTY SIIIIl. IRIVElLY SIlTY SlNll. 1.5-7.0' : REO·_ DECllMI'OSEO QUIll TE.
2' IIOE REFUSAl IH IRANITE IT 7.0' ... 5.5 I' 22' LONG

III ISO E 0.0-5.5' : SillilY SILT TO SILTY SAllO. fEI "'IVElS. 5.5-6.0' : 11£0·_ HlllHlY IUTIlEIlEO _HE.
2' IIOE REFUSAl Illi $RAN t TE AT •.

50 7.0 J' 22' LONG
III 72° E

0.0-7.0' . SANOY SILT TO SIlTY SlIIIl 11TH S»E &RAVELS: REFUSAL IN 1lE0·__SEO _In

2' II DE IT 7.1' .

51 - S.S' 25' LONG III ...0 E 0.0-7.0' : SILTY SIIIIl TO SANOY SILT 11TH SOM£ laHElS: J .0-1.5' : IELL CEIlENTEO CHILES lH' TO
2' WtDE S" IH OllllETER. II£fUSAl IN COel1lES IT S.S· .

52 - 10..0' 25' LONG III 1,0 E 0.0..... 0' : SINOY SIL T TO SILTY SAil!. NaillY CONSOLI 01TEO. 1.4-'0.0' : SAIIOY SILT. _LY
2' IIDE C_ICTEO. REFUSAl IN Cllll:HE CEIIE.no C_LES IT'D' .

53 - I'
25' LONG

.. 15° E
0.0-7.0' : SllIllY SILT TO SILTY SAIlIl. J :0..... 0· : ClllCM(·ClIlENTEO SAIIOY SILT.

2' ItDE IHUSAL ,. CAU tHE Cf.••TED ctIIlES n I' _

54 - 9' 25' LONG III 61° E 0.0-5.0' : SANllY SILT TO SILTY s.uco 11TH SOME ",IVElS. 5.0-1.0' : I'OOIlLY CftI('TEO CHILES TO ,.
2' II DE OllllETER 11TH 'INUR CWCIIE. REfUSAl IN COIILES IT , •.

1410

TEST OEPYH TO TOT Al
TIIENCH NO IEDttOCP; DEPTH

INLET
CHANNEL
INVERT

Gr

1390

1370

SAFETY

~. 99",400

000 I

\
\

\ '.

\0
\ '.

'b\ \
'0,\

\ '.

\\

TT-9D

TT-91 'oq,,
TT-92

"

SCALE I IN. = 100FT.
100 50 0 100 200 300
IAAAAA I

CONTOUfl INTERVAL 4 fT ANO 20 fT

00-14- .~ .
. _~ -;" ... 0 0 ..........:-------.

TT-4;\\
... TT-82

~1~tOO'
TT-53 TT-83

... ~\
". 15 .. 00

TT-54 TT-8~·.... \\
TT-85_,\,

,..... ad,

\
TT-1I6_~~TT-86A

13+00t\ "
. \ \

TT-87 """\_.TT-87A

12 + 001 -;:\',
j '\

Works --...........".. \
1/+ 007 TT-88\ '.

, \ '

-"- TT -89 \ ~
1
0 "'00/ - \

I

LEFT ABUTMENT, EMBAN~MENT-TEST TRENCH PLAN

OUTLET WORKS-PLAN OF EXPLORATION

H

/

0001

._____<e:.-_.....i-----



VALUE ENGINEERING PAYS

W
1398 1398

5
1400 1400

Appro..imale ground surface

1398

1397

1399

1396

1400

N
1401

0+-100"200-30

ApprQlumole ground surface

0·40

gr on trench
floor is ms
mh. hf-sh

L---'- J-~~..::::::::r===~L ______' J 1395

0-00

AlLUVIUM silty sand, groyeily o;;llty o;;ond. brown.

loose .... Ith grOntle boulders between
stOlion 0.20 and 0_ 35.

139B

1396

1397

1399

1395

14001- -''--__-

1401

~

'"'"

1394

1398

1392

1390

1388

1396

Boltom of
Trench

ALLUVIUM silty sand. gro'o'elly silty sand, brown, loose

---j:.--- -- -------' ........
- - ....... _./ \\ GRANITE gy. fg. ms-mn, mW'hw, b.~_

_-' gr rib, \ _
_/-rroc:tcg,S-mS,hw,cC\ __ -~--

-- - - -- \ ~ :~I:g~:mh-h, hi,

\ mw-nw, cc; numero s

I ~~~kl~S~~ O:a;~~bl,
I gr, ij upper 1·2 I.

I
I

---

ApprOXimate ground surface

/
/ GRANI"TE' gy, mg-cg, mh-h, b.

/ mf'hf sw-mw, pOCllets

of hf-sh gr. cc on jls

dg: rib,s

gronlle becomIng harder
less wealhered With deplh

NOTES
Rlpplflg more difflcull
in less fractured mg
cg gr1388

1396 -

1398

1392

1390

1386 L-__---'-- L-__---"- -'-__---'- -'-__-' 13B6

Q+70 O.GO 0.-50 0·40 0030 0 ... 20 ()oIO 0-00

~

'"w 1394

1388

1386

1390

1396

1392

N 20"W, 85°NE

GRANITE. w -gy, m9-C9, mw, mh, hi

wilh some pockets of ms gr.

upper t fl. is rID 10 w-qy,

mw-dg, s-ms, much cc

present above • JI Bottom of Trench

8 fl deplh. N45°, 90°

ALLUVIUM. silly sand, gravelly $llIy sand, brown. loose;

becoming more dense, chonging to 0 sandy

sill 01 2 fl depth

--------------

0·70

1396 L ~1.--------------------

1394

1388

1386

~

~ r392

TEST TRENCH 82-1
HORIZ. SCALE I IN 10 Fl
VERT SCALE I IN· ~ 2 FT.

TEST TRENCH 82-2
HORI2. SCALE' I IN ~ 10 FT
VERT SCALE' I IN : 2 FT.

TEST TRENCH 82-3
HORIZ· SCALE I IN 10 FT
VERT SCALE' I IN = I FT

1395

1390

1360

1385

1375

BOltom of
TrenCh

O·AO

Bedrock exposed 1I'ltcrrmlently
In very bOltom of trench

0.60

ALLUVIUM cobble5 10 12" 11"1 a grovell)'
SOlid mohll, loose to
medIUm dense

ALLUVIUM cahche cemented cobbles 10 12"

In a gravelly SillY sand mOlrlx. dense

ApprOJ.rmole 9round surface

"00

ALLUVIUM silty sond, gra~elly Silty send, brown, loose

Bedrock IS a gy. mg-cg
ms-mh, mw-hw granite

L...J --'--__-''--__-'-- '-__---"-__---' 1370

0·00

1375

1380

1370

1390

W

1395 L_~_-_- ---L_----~--l

1385'"'"

1415

1445

1425

1440

1435

1430

1420

GRANITE gy, fg,
s-ms, mw-h ....
With ,occasional
olockS 01 mh
gr,tC

ALLUVIUM Silty sand, grovelly
silly sood, DrCtf/n,
loose wllh gr
slopewosh

dg. gy, s

ApprOlimale grO\Jnd

sUrfoce~

GRANITE gy, mq'cg, ms-mn,
mw, hf. cc

GRANITE: Ig, (see descrlpllon)

RANITE mg-cg, (see desc"plto~)

"dike" of malic gr, ms, hw, cc

BOTTOM OF TRENCH
jl on Irench floor N 55°E. N. V

GRANITE fglsee deSCription} SOil 1I'l11111ng omang b~ocks,

w,th "dikes" of moflc gr

gr on Irench floor
sla 0·00 10 0.23. 0.70 to 0~73 fg, mh-h, sw, hf, scattered pockets of

ms-mh, mw, hf-sn gr wl1n cc

510 0·23 1o 0~70 mostly mg-cg. mh-h. sw, h~ sconered pockels of
ms-mh, m-N hf-sh gr

NOTE JOlntrng on trench
woll,nd,stinCI

posSIble shear zone on trench
floor from sla 0·47 to Ot 70,
N80oE, NY, 6" wide CNg.
y/b. s, hw gr

rubble /
/'

1425

1415

1440

W
1445 r

1430

1435

14201396

1404

1398

1402

- 1400

fg, hd, hi, gy
gr present eosl
end of IrenCh

gr on lrench floor
<]y, occosionol pockets of rIb,
mg-C9, ms-h, $w-mw, hf,
scollered pockets of mw-hw, ms
gr, cc sometimes presenl along l'S

__ --jton Irenchlloor

N 65° E, N V

-/ dg, rib,..:.. ./ - %nd cc presenl
ALLUVIUM; .L- __ from 510 O~21 to 0,27, ij

gravelly s~:': s~ - -GRA;;TE y/D-gy, occasIonal rib zooes, s-ms, hw,
sand, browl\ .......-- . hf, b, scollered pockets of s. sh gr

loose ......... 01 slo 0 ... 45, gr becoming ms-mh, mw-hw,
.-" hf, b, pockels of 5, sh gr, N 650E, fI::r SE • jt

upper I It. IS ..__- _

s-ms,hw

rubble

w

1400

1391

13~.""90"---0,.-•.L80---0,.-.J.70"--"-0J.'6-0---0-"5-0---0--'4-0---0-'3'-0---0-'2'-0---0-''-'0---0--'_0~394

1396

1406

1404

1402
~

'"'"~

TEST TRENCH 82-4
HQRtZ. SCALE I IN ~ 10 FT.
vERT. SCALE I IN. : 2 FT

1410 '-__---'-- L-__---"- -'-__---'- -'-__-'- --' 1410

Or 80 0_70 Qo-GO 0+50 0+40 0_30 0.20 Ot 10 0 ... 00

TEST TRENCH 82-6
HQRIZ SCALE I IN. 20 FT
von SCALE I IN : 5 FT

TEST TRENCH 82-5
HORIZ. SCALE I IN. ~ 10 FT.
vERT· SCALE I IN : 5 FT.

DATUM IS MEAN SEA LEVEL

SCALE I IN· " I FT
o I

AHHHA

PLATE 13

SPEC. NO. DACW09· _~}:_ 1I-Q.QL6_

DISTIlICT FilE NO. 241/233

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NEW RIVER DAM

DAM EMBANKMENT (LEFT ABUTMENT) AND
OUTLET WORKS

LOGS OF TEST TRENCHES
82 - I THROUGH 82-6

fiLT

FOUNDATION REPORT

REVISIONS

U. S. ARMY ENGINEER DISTRICT
lOS ANGelES

CORPS OF ENGINEERS

'T

30

20 FT.
30 40 50
e------"i I

SCALE~ I IN.

"88,j' '% =!P

SCALE I IN " 2 FT.

'8 8 J Ld L-----4
SCALE I IN. " 5 FT.

L H d 5 to

SCALE' I IN. 10 FT.

I~HHHH~ jO 20

PAYSSAFETY

NOTES:

I SEE S.me FOR LOCATION OF TEST TRENCHES

2 TRENCHING ACCOMPLISHED USING D-9G DOZER
WITH HYDRAULIC BLADE NolO SINGLE TOOTI"l RIPPER.

3 REFUSAL WAS NOT ENCOUNTERED IN ANY TRENCH.

011 EXCAVATION ACCOMPLISHED USING ONLY BLADE
IN TT 82-3, TI82-4 AND TT82-5. RIPPING Of
MODERATELY HARD TO HARD GRANITE REQUIRED
IN H82-1 AND TT82-2. SOME RIPPING OF CAL1CI-E
CEMENTED ALLUVIUM REQUIRED IN TIB2-6.

slightly weatnered

moderately weathered

nlghly weathered

moderalely fractured

highly fractured

shal1ered
blocky
Jomto;;

indistInct jOlnlmg

colClum corDonale

(generally occuro;; 00;;

Inflllmg between rock blocks

or olong il surfaces)

gromte

decomposed granite

redcllsh-broWfl

gray mf

while hf

block Sri

yellOWIsh-brown b
fine gromed jls

medium grOlned I)

CoOf~ grolOed cc

"'''moderately o;;ofl

moderalel)' hard

hard

bl

y/b
fg

mg

Co
S

g,

dg
,I.
OY

mh

h



VALUE ENGINEERING PAYS

1400

1401

1393

1398

1397

.... 1399

Gr

.Jolnt

N 6.5-£
Near
VerticolD'D

E
LEFT ABUTMENT

:;..--: 1402

/,/'

//
/ I

/ I
/ I

./ I
/

./

Gr

OutleJ Works - APproxlmoJt1 Invt1rJ Elevotion 1389'

GRANITE.' wh, te to groy,.oderotely hord,
oltered,_oderolely "eothered;lolnls ore
closely spoced, steeply d'PPIng w"h sOllie
collche fIllIng Occoslonol sof','hln cloy
loyers 10 4' depth

--
ALLUVIUM. silty sand,gravelly

511''1 sand, moderately demse

Gr

Approximate Ground Surface

U-oor

R~fusal In whl'e to gray GRANITE

( Outlel worhs

1389L-,L+3=-0::---,'-c+-=2-=0----,'-'-+-::,0:--1 ~ OO--0=-+L9=-0:--=-0+.,-"=-0::----,0=-+-'-:-70::--=-0-"-+=-60:--0---'-~=-SO---,0--'~-_-,0-----=0-'+""":,-=0----,0,-+L2'"'0:--0-,+L,D---O-..l-t ~3089

w

'400

1402

TEST TRENCH 10

1397

DECOMPOSED GRANfTe:

,ed-brow~so~~_

--1398 --

1393

1401

~

'"'"I£. 1399

~

1401

1~9B

1390

1395

1396

1397

E

--- ~I

/"/" 1'4
00

1
1399

Refusal ,n redd,sh-bro..n
deco",posed '0 hIgh I y "eo the red
_odero'ely soft GRANITE fro/ll
s'otion OKJO to 1+00

Gr

Outlet Works - ApprOlllmate Jnvert £/evofion 1389'

sll,y sond,grovel'y SIlty sand,moderalelyALLUVIUM:
dense.

---
Floor of Trench

GRANITE: whr Ie 10 groy,moderotely soft to moderately
hard,blochy,moderotely 10 hIghly weathered,
/Olnts are steeply dipPIng. closely spaced
ond lIned WI,h calIche

Gr

Relusol In "h, te to gray
GRANITE frolll sto',on 1+00

10 1+20

DECOMPOSED GRANITE: red-brow,., SOft~__

,------\

1390·~---.-"

W
1402

QDol

Apprtnlmofe Ground Surface

1401

Faul,,,,th /
clay gouge

H 56·. I

".. "~)f
1395 _

1399

~

<:t 1397

~
'"

~

'"I.L 1398
~

z
Q

13 81+L=-20::---,'J...:-:,~---,'.J.T:-:0"::"0-----=Oc'+-:9:-:0-,----,---0"'"+"':8:-:0-,----0"'"+L7=-0-,----0,,-TL6"-0,-----:-:0~.-,,,,,-0-----=0.J..-:.--:-:0-.-:3"0----,0"'".-::2-::0--0,-+-,-,0---0::-'-0,.,0,.-----' 1389

TEST TRENCH 9

1395

1394

1392

1391

Qool

Gr

Refusal ,n reddIsh-brown deco_posed ro hIghly
"eo,hered._odrrotely so" GRANITEGr

ALLUVIUM: SIlty sand,graYel"ly SIlty sond,
moderately dense.

DECOMPOSED GRANI TE:

<I" .,D.n.:,~
- ---

Floor of Trench--- -

1395

1391

W Ev{ Dullet works LEFT ABUTWENT

1396l ~:~.• ~A~p:Dr:D:I;:"':.,~.~G~":u:n~"~s~u~"~o:"'-=:::::~'------ -------lI396

1394

1393

1392

1395

1396

N 65 0 f
Near Ver11col Dip

GRANITE: whire '09ro,.. moderO'el,.

soft to n:oderorely tlord,IfIoderoiely tohiOhl,.

weathered, altered, mIxed wi,h calIche.

Gr

DECOMPOSED GRANIT:r~b~",~,~ _

- - -.- Gr

--~

V-£. Outle'worA;s

I Appro.r;mOfi' GrOU1WJ Surface,

E
LEFT ABUTMENT

__j'399

ALLUVIUM: SIlly sond,grovel'y sll,v sond,lIIoderotely 0001 1398
dense,

_ 1397
_--------.-;;;'nf----

JOIn' •
H 60 0

[

Near Ver',cal D,p

Qool

floor of TrenCh~_.-C>--

1398

W
1399

1395

~

'"'".... 1391

""z
~

~ ---§ 1396r:-_ -

w

PLATE 14

_TIICT "'" Il1O. 241/234

lOW

U. S. _r fNG_ D111lltCT
lOS -.s

CCIIPSOf_S

REVISIONS

NEW RIVER DAM

OUTLET WORKS

LOGS OF TEST TRENCHES
9 THROUGH I~

OA TUM I S MEAN SEA lE YE

GILA RlvtR 8ASIN
PHOENIY. ARIZONA AND VICINITY (lNCUOINC NEw RI',ER)

o.

NOTES' PlATE 2
1 SEE......... FOR LEGENO

2 SEE~ FOR THE LOCATIONS OF TEST TRENCHES 9 THRU,4 PLATE 12

3 ALL TEST TRENCHES JERE EXCAVATED 11TH A CASE SBO-C BACKHOE.

4 F'NAl OEPTHS OF THE TEST TRENCNES 'ERE OETERlIINEO BY BEOROCK
nEFUSAl

5 AlL SOIL CLASSIFICATIONS SHaIN ON THIS SHEET ARE VISUAL

IT"""

FOUNDATION REPORT

1393

1398

1396

1397

1394

1392

Refusal ,n reddIsh bro"n
deco.posed to h,ghly weolh_
ered,_oderofely sof, GRANITE
from station 0'00 10 Ot69

TEST TRENCH 14

ALLUVIUM: "Ity sand,gravelly sll,y
sand.moderotely dense

Floor of Trench

Qool

Gr

----

Outlet Works- Approximate Invert Elevotion 1387'
13817·+L-,4-=0----,'..1+""":3-,O----,'..1+""":2-=O--'..J+-,"::"O--,-+LO=-O:--O=-+"-:-90::--:0"'"+LS=-O::--,,-O-"-.=-7=-0--,0=-.L6=-O::--"::"O-'-+"::"S"::"O-----=O--'+-4:-:0-----=O-'+""":3:-:0,.--:O:-'+"':2,.,O,.-----=0"'"+L,:-:0--:0..J+~3087

Refusal In dark groy GRMHTE

fro_ statIon 0+69 to /+07

Gr

-----

------ GRANITE: doric groY,lfIoderotely hord.
01 te,,~d, lfIodero Ie I y ".0 the red; I a In's
ore c./osely spaced and dip 50·",th
calIche f,I""9

PAYS

[ Outle' works

Appro" mOle

Gr

,,
/'

_ ~Join'

N 80· E
.50· Sf

1399

1397

1398

1396

1392 1----.-"

1393

1394

z
Q
~

; 1395

'"

SAFETY

1391

1390

1393

1394

1392

IHHHHH

Outler Works - ApprOXImate Invert Elevation 1388'
1387 1388 l=----=-~7"---=-'__::::-__::--'-c:::--_;:__~::--,-L:_:c_-_,_L--=---::-'_::::--=-"-:7"--;o-':-:-=-~1388

0+10 OtOOVERT SCALE liN ~ 1FT It07 1+00 0+90 0+80 0+70 0+60 0+50 0+'-0 0+30 0+20 0+10 0+00

6IHEl:Epg~'ilA;l'l1fE{~c;::;A;:;LE~I;:;';N±"~'~O~F~t~2 TEST TRENCH 12
10 5 0 10 20

Gr

0+200+ 30

1394

0+400+500+ 60

Gr

Refusal ,n wh"e to gray GRAHIT£
fro_ statIon Of-3D '0 Of-TO

Gr

ALLUVIUM: SIlty sond,groyelly SIlty sond,moderately dense

Gr

DECOMPOSED GRANITE: red-brown, so"----/--- -- ........ ,/'./
GRANITE: "hlle to 9raY,olter~d.
_oderolely sofl '0 .oderately
hard,_oderotely to hIghly
weo'hered,_IKed w"h calIche

Refusal In "h, te to gray GRANITE

Refu.al ,n redduh-bro-n deco_posed 10
h"hl,. "eothered,_oderately ,oft GRMilT£
fro. ,tot,on Of-oo to Of-3D and OtTO to If-50

w

Floor of TrenCh---......

Gr· "
'392f'-----------------....:>.- _

1391

1394

1390

TEST TRENCH 13

~ r
Outlef Worlrs- Approximatt1 Invert Elevo fioo 1388' W

1388 L-__---'--,----_ _,_-'-:c-:---::-'_::::-____=...L:-::---::-''-:::,.--:---'--:-::----::-"-:-::--:-'-::-::--____=-L-:---::-'--=--____=..J 1388
It-IO 1+00 0+90 0+80 0+70 0+60 0+50 0+40 0+30 0+20 0+10 0+00

TEST TRENCH II

LEFT ABUTMENT E

1396[ -~l~D:U~":.~'~.D~'~..~=~~::::~:::::::===~_---------_----------------l'396Appf'OAlffOfe Ground Surfoce--.......

'~95 1395

Ouffel Works- Approximofe Inllert Elevation 1387 '
1387 L-,-------'-- -'-:c-,---_--'-::-7__...L-,--__'=,--_---'--__--,---'-:c,----_---'-_

1+50 1+40 1+30 1+20 1+10 1+00 0+90 0+80 0+70

Qool

~ 1394
'"'"~

z 1393
o
;:
~

'"~
'"



VALUE ENGINEERING PAYS

W
1395

E
1395

W
1394

E
1394

VI
, 395

£ Ou'/~' works

ApprOll;""'f~ Ground SllrfOC~~

E
1395

£. Ol/flrf works

1394 f--__- 1.--- -~_ ____l1394

~! Outlet works

1393 Apprc"d"""e Ground Surface 1393

TEST TRENCH 81

Approximole Inverl elevation 1386.5'

1386l...--- 1
0+40 0+20

t 391

1388

1392

1390

1389

Gr

Inter.,tte"t '1'1"1 collch. COD

COllef/no 9fOfl"e (rom slollon
0,00100,23

TEST TRENCH 83

Qool

ALLUVIUM: 51! Iy sand, gravelly $" tr sond. ,ncreole In f /flU
ofter 2.5 ft.;moderotely dense.

"

GRANITE: red,o ~rown •.coorse~gro,ned ••oderote/y soft.hrghly weathered to d~co.posed.
reflJsol In 9rorute from s,ol,on 01"00 to 0+55.

1390

1388

1389

I- t 392
w
w
~

z 1391
o
0-
~

>
W
~

W

t 393

1390

t 392

1391

13A9

Qoo I

Gr

intermIttent thin caliche cop
coverIng granite f,om station
0+00 to 0+3...

ALLUVIUM; $11 ty sand, gravelly stl Ir sond, Increase in f ;nes
offer 3 ". ;.oderate/y dense.

1391

1389

- CL-- Floor of Trench

1390 -

GRANITf" red to brow",coorse-gro,ne:d.•oderote/y soft hlghly weafhered to deco.posed.
refusol in Vfonite from station 0+00 to 01'55. .

I- 1393

'"

z 1392
o
0-
~

;:,
~

'"

1390

1393

1392

1391

1394

<I
---.J 1386

0+00

?

I Approximate Invert elevotlon 1385.5'
1385, 375 Approxima'e inver' fllevotlon 1375'
0+:;:;5'5---~-------------------;O:"~-;;-2"O"5-----------------0;:l+~~85 I O+~5;-;5'----~-':'----':"---':"-':"-":"-=':'-::":"::---------0-l+-2-5-

HORIZ. SCALE I IN : 5 FT HQRlZ SCALE I IN ~ 5 FT

c':i'L=i'~L3I:::Io°~==:::~f'=::::::=~'O~==ii15 TEST TRENCH 82 T 11 U 0 5 10
VERT SCALE 1 IN : I FT vERT SCALE" I IN I FT
o , 2 0 I 2 :5

~

,ntermlltent thIn calIche
cop coverIng granIte (,Olll

station 0+00 to 0+20.

( Floor of Trench

T

Qool

ALLUVIUM: sIlty sond.grovelly silty sand,
",creose In fInes after;' 't.;
IfIoderotely dense.

-
GRANITE: .oderotely soft.hlghly .eo'h~r~d to d~co.pos~d

red '0 brOtf'n coors~_!Jr(Jjn~d.
r~fusol in granite from slalion 0 ..00 to 0+40

1391

1393

t394

1390

0
W
W

~

z
o

~ 1392

;
w

{. Gv fie' wo/ ~s

W
1393

1388

1390

1384

1386

E
1392

R~fusol ,n collche
ce",en'~d rock fr09
ment, frOIff stot,on

OtOO 10 0+50

col iche ceMented
.1.011 angular roc
fragffents.

lorg~ r~Slduol gron"e boulders
closely lornted.blocky.w,'h /" - 
sIlty sand olong JOrnls.X

-\
\/'

./

;' JJ.pD'oJli",~ Ground Surfoce

0001

ALLUVIUM: .II I ty sand, 9rav~lly .II I ty sand • • odero'ely dense.

Gr

Floor of Trench

ROAD

NOT EXCAVATEO

DUE TO
ROAD

GRANITE: r.d to brown.coorse-grolned••odera'ely sof',h,ghly weather~d

to deco.posed refusal In granite fro", statIon 0+50 '0 0+88
and 1+09 to It40.

ALLUVIUM:

s"ty sand.grov~Ily

.I, I ty sand. ,ncreose
In f,nes after 3.5ft;
Iffoderotely dense.

Floor of Trench

W
1392 Appf'oxl/ntlte Ground Surface

1384

138B

0
W
W

1390

~

·z
o
0-

~ 1386

~

w

1390

1392

1391

1389

E
1393

Qool

ALLUVIUM. silty sand.gravelly silty sand. Increase In fln~s

after J ft.:/ffoderotely dense.

Approximafe Ground Surface

I- 1391
w
w

z 1390o
0-
~

;:,
~

t.aJ 1389

1382

TEST TRENCH 85 and 85A
HORIZ SCALE I IN : 10 FT

10 I 20 30
dRR

NOTES'

PlATE 12 1 SEE~ FOR LOCH ION OF TEST TRENCHES 81
THROUGH 81/8H

PLATE 16 2 SEE"mr!T""n FOR LOGS OF TEST TRENCHES liB THROUGH
92 ANO 42 44 AND 45

PLATE 2 3 SEE~ FOR LEGEND

• TEST TRENCHES rERE EXC.VATED rlTH • C'SE '8D-C 8.CKHDE

'LL SOIL CL'SSIFIC.TlDN SHorN ON THIS SHEET 'RE VISU'L

FINAl DEPTHS OF AlL TEST TRENCHES EXCEPT 86 'ND 87 rERE

DE TERM I NED 8Y 8EDRDCK REFUSAl

E
1390£. Ollrlel ... C '/IS

ciERT SCAL~ I IN : 2 ~T

Approximate inllert efellotlon 1378.5'
I

0+50

I

---------.
W

13-t{1 r

"'·00
t 378

1+40

13821388

1387

1371
OtCO

Gr

ApprOlf;mole invert ele~o"onlJ71.5'
-I
0+50

TEST TRENCH 84

Floor of Trench

GRANITE: red '0 brown.Coarse_9rolned.fIloderotely soft
hIgh Iy wea the red '0 deCOfllposed.
refusal 1M 'lran"e from O~OO 10 0+90.

1371
0+90

PLATE I~

U. S. N.MY fNGlHftI o.S1l:0
lOS AHGElfS

CDlf'S Of EHGIHHI:S

DfSTIICT P'IlE NO. 2ql/235

NEW RIVER DAM

OUTLET WORKS

LOGS OF TEST TRENCHES

81 THROUGH 87A

GILA RIVER BASIN
PHI.,ENIX. ARIZONA ANf' V (IN TV ,NCLI"IDII\IG NFw RIVER)

DATUM IS MEAN SEA LEVEL

IltEVISIONS

RLT

OWO>O IT,

FOUNDATION REPORT

1378

1388

1384

1386

1380
Gr

ALLUVIUM:

$1 I ty sand
gravelly
sIlty sand
WI th In-
cr~osln9

fInes of'e
5 ff.

Qool

ROAD

NOT EXCAVATED

DUE TO

ROAD

Assumed
bedf'ock ., /'
slJf'foc~ /'---=> Re fUSO/ln decompos~d

., 9ron,te "'11f~d .lth
/ . some co"ch~ from

stot,on CHOO toOf/O

______________...J 1376

OtOO0+50

PAYS

ALLUVIUM' Sll,y sond.grove"y SIlty sand,
.oderoh:ly dense.

Qool

ApprOl/1mole inverl e/eva"on 1378.5'

Bockhoe eKco,",ot Ion ',.1' r~oched at 12 f,. in
cobbles and boulders

Floor of Tf'~nch

Qoal

ALLUVIUM'
.w"-cobbles and boulders to 15 ,nch~s

rn ,,'ty sand,9rav~Ily ,,'ty sand ,"otr,x.

ApprOlfimo'~ Ground Surfoee--...,

SAFETY

VERT SCALE 1 IN : 2 FTo , ,
EO

1376'- _

It07

1378

1380

1384

1388

1386

TEST TRENCH 87 and 87A

0
W
W

~

Z
o
>=
<l 1382
>
w
~

w

, I

=

HQRIZ SCALE I IN : 10 F"T
10 5 0 10 20 30
BHHHR =::::z

1388

E
1392

1384

1378
0+00

1382

Refusal ,n de- 1386
co_posed gran' Ie
fro• .Ito' Ion 0+00'0 0+19 and 01'26'0 Ot61

R~'usol In cal'che
ce_ented flron"~ 'ro_

S'o'H'" 0+19 '0 0+26

ApprOlfimote Ground Sur 'ace

Gr

Floor of Trench

/'
/'

/'
-?-?

...... 1-;'--
__ 7 -~::70'"c:d bedrocle

Floor of Trench

Approllimole in",er' elevation IJ"8.~'

1
0+50

TEST TRENCH 86 and 86A

,-- f. Oullel works

VERT SCALE I IN. : I FT
o I ,

E+--:--3

--'
!-t·OO

HQRIZ SCALE I IN • 10 FT
:) 0 10 20 30

Fd AHH

Qool

Ap"'o,,ma't Ground Surface

ALLUVIUM: silty sand,grovelly sUty
sond.lflodera'ely dense.
increase in fines oft~r 4 't.

Refuuf
cobbles
/1-35

137~.L
3
"'5,--------

ALLUVIUM
c(J',ch~ ce.en'ed__r-~Obb'e< to /2 ,n,he<_

C------__~QI~o,l- - - 
1384

1388

1382

W
1392

ROAD

1390 L_------------~'---Ir-,.----::::::::..-ilrl--..L-----------------__l1390
NOT EXCAVATED ALLUVIUM: SIlty sond.gravelly s/I,y sand

D~~ATDO 0001 ~~~:~~~:I~nd~~~:~ bottom I (1.0
W
W

~

z
o
0-

~ 1386

w



VALUE ENGINEERING PAYS

r £ Oull., wOfk.

I~ I Approximate ground surface -....... E 1'88
138811- ------+---------- ~,, ....: J

I

AL LUVIU6ll: silty sond,grovelly silty sand.

~LLU.vIUM.' silty sand, gravelly $;"r sand.
1386~

I
AL L UVIUM; 5li,y sand, gravelly silty sand

botfom one foot loyer contains caliche cemented
decomposed oranlte in a cloyey matrix.

1386

W
1388

1386

Approximote ground surfoce\

r £ Outlet works

I

I

E
1388

'386

W
1386

r 384

Approximate oround surface

£OUII.'p
.& I E: ,,.6

1384

137~tL5-0~------------------:0:-"-=-2-=-5-----------------="Ot~~74

1376 Floor of Trench--..... ...-~ock~f?,~.excollotionlimit reoched@12'

f-~--......._'---------~-------"" I" In c~ and boulders.

--------- ------

1374

1380

1376

1382

1378

Appro.imote invert el.vol,on 1378.5'

0001

0001

Floor of Trench

ALLUVIUM:

40% cobbles and boulders to 14"mol0mum
In 0 silty sond,9rovelly silty sand matrix

1372 L --'- -.J 1372

0+50 01-25 0+00

1374

1380

1382

1376

z
o
~ 1378
>
UJ
...J
UJ

z

....
UJ
UJ
"-

1382

1380

1376

1378

1384

------

Approximate invert elellation 1378.5'

0001

0001

ALLUVIUM. 40% cobbles and boulders to 14"maxlmum in a cemented
siJry sand, grallelly silty sand matrix WIth some c/oYf!y
decomposed granite.

{

baCkhOe excavation lim;' reached@12'
in cobbles and boulders.

Floor of Trench~
r---~~__~ --3.._ _'___~- ---~

13704 L.. -'- -' 1374

0+51 0+25 0+00

1376

1384

z

1378

[382

z
o
~ 1380
>
w
...J
W

...
w
w
"-

1384

1376

1380

1378

1382

0001

0001

ALLUVIUM: 40% loose cobbles and boulders to 15"moximum in 0 matrix
of silty sand, grollelly sIlty sond.

Approximate inllert e/ellotion 1378.5'

1384

~

Z 1380
o...
<t
>
W

~ 1378

...
w 1382
w
"-

TEST TRENCH 88

HORIZ SCALE liN: 5 FT
543210 ~ 10
I R H

VERT SCALE I IN : 2 FT
2 I a 2 4
E-3 e------------3

TEST TRENCH 89
HORIZ SCALE I IN = 5 FT

5 4 3 2 I 0 ~ 10
IHH~

VERT SCALE liN: 2 FT
2 1 a 2 4
E3

TEST TRENCH 90

LEFT ABUTMENT

w
1408 I~oe

Floor of Trench~
[372 ....-backhoe eKCollation Ilm,t reached@/2' [372

I--__~ .--__~ .....;>-...- .<_f-!.i~n..:C~ob~b"'I.,os...:o~n:."d~b~o~u""d"'.!if.~._~......._~-_

1389 L ....J... --'- ....J... ~ .l1389

2H5 2".1.00 1+50 HOO 01'50 OotOO

I. SEE -...... fOR LOCATIONS Of TEST TRENCHES 88 THRU 92,ANO '2," AHO".

2. SEE.......... fOR LEGEND.

3 ALL TEST T1I:ENCHES 'ERE EXCAVATED 11TH A CASE 580-C BACfl.HOE

• fiNAl DEPTHS Of TEST TRENCHES'2 ". l '5. IERE DETERMINED BY BEDROCK REfUSAl.

5 All SOil CLASSifiCATIONS SHOIN ON THIS SHEET ARE VISUAl

[400

1396

1404

90
I

Gr

~f:~/~a~::,t~~~~;~:;':'o~.c:;eJo:;r;:~j~

Outlet Works -ApproJCimate ;nllerl e#ev· 1.3.'

HOR[Z SCALE t [N : 30FT
3020100 30 60
E3 E3 ~

Approximate ground surface

Gr

ALLUVIUM: silly .ond, grorelly silty sand,
moderately dense.

TEST TRENCH 42
vERT SCALE I IN • 4 FT

4 3 2 to" 8 12
H Fd

PLATE 12

PLATE 2

[40(

tJ 14004

1:' 1_-----
z
Q...
~ 0001 -~----JOINT N eo·w, 75· SW
j'j 1396 "-------

1374

1380

1376

1378

1382

E
1384

0001

Approxlmote Invert elellatlon 137B'(Proj}

0001

ALLUVIUM: silty sond,gravelly sUty sand, moderarelydense.

Approximote ground surface~

ALLUVIUM: 40" cobbles and boulders to IS";n a grallelly silly sond slightly dense matrJx.

--------------------------------

1382

1380

1378

1374

W
13804

1376

z
o...
<t
>
W
...J
W

...
w
w
"-

t376

[378

1380

1382

13804

1374

E
1386

AL LUVIUM: silty sand. grovelJ y silty sand, moderately dense.

0001

Approximote' ground surface~

(

bOCkhOe excollotion lImit reached@12'
;n cobbles and boulders

Floor of Trench~

ALLUVIUM: 40 % cobbles and boulders to 15" maximum in a grallelly silty sand
moderately tight matrix; some caliche in motrix from station Ot-2S to Ot-SO.

- - - __ -.... ApprOXimate Inllert elellatlan 13725 ,/,/
- _ __ (PrOll .....-

-~ /

" /-- --
/' 0001

[376

t380

1378

1384

1386 'II

1382

1374

z

...
UJ
UJ
U.

z
o...
<t
>
W
...J
W

LEFT ABUTMENT

TEST TRENCH 92
VERT SCALE I IN : 2 FT

2 I 0 2 4
E3

1370 L -'-- ---.J 1370

0+55 HQRIZ SCALE lIN : 5 FT 0+25 0+00
543210 5 to
I H H

LEFT ABUTMENT

TEST TRENCH 91

1372 L,--- ---' --' 1372

0+50 0+25 0+00

PLATE 16

- -7 :1111 83

u.s. __-.a
LCII_

CDlfS~_

-=r "Ie). 241/236
REV"A"

NEW RIVER DAM

OUTLET WORKS

LOGS OF TEST TRENCHES
42, 44, 45, SB THROUGH 92

REVISIONS

DATUM IS MEAN SEA LEVEL

GILA "tYE" IASIN
9>HOENIX. ARIZONA AND VICIN[TY (INCLUDING NEW RiVER),

'A lZeviuJ € of outler wod:.$

_n.

?2.

RLT

FOUNDATION REPORT

1392

I~OO

1396

1388

1384

Gr

Refusol In less
~atNr.d granite
from stmian 0+00
10 0+73.

Floor of Trench

Outlet M:l'*'-Appro~imo'einwrt sell. 1377' 1317

\..50 1+00 o..SO 0.00

PAYS

TEST TRENCH 45

Refusal in reddish bro"n
decompoSlld to highly weathered,
modera',1y soft ,rani'f from
5totion 0 ..73 to 2+82

Intermittent refu.al in caliche from stotions:
1+57- /+65, '+ 79-2.33

Appro>cimafe ground surface

SAFETY

ALLUVIUM: silty sand, grallelly silty sand,
moderately dense

£ Outlet works

90
I

1377

2+82

W

1400

1396

...
w
~ 1392

z
Q \3118...
~
...J
W

VERT SCALE 1 IN : 4 FT
4 3 2 l' 0 4 8 12
H H E------=3 E------=3

HeR[Z. SCALE [[N: 30 FT
3020[00 30 60
E3 E3

1318

1392

1396

JOINT
NI5+E,70·SE

1400

E

1404

Gr

Floor of Trench

Refusal in less weotMf'ed gronife
from stotion 0#00 '0 0+52.

Refusal in reddish-bl'01lltn decolYJpo.ed to ,,;,hly
'1fI8Othered,moderote/y $Oft 9romte from stotion
O~'o 2+73

Outlet Works - Invert e~/on 1370.4

TEST· TRENCH 44

Refusal in coliclt. of Sto. 1+82

GRANfTE: reddish-brown, mod.,-ate/r soft 10
moderately hard, moderately to highly
weath~r.d, coors~ graln.d'--'---''--..:---_

GRANfTE: gray, moderotely soft 10 moaerol.y

~~~1~en;/::,ha~::~;/:s~~~~'lsweather~.medium

ALLUVIUM: silty sand gronfly .ilty sand, moderately ",,58

Isee

1S T~+L7~3-------2-.cL.,0-----,-,+L.-cO-----,-,'O'=-=0----...,0+=-'=.-cO-----=0-.J.6~10

r~oo

W
1.C>4

...
I&J 1396

~



PLATE 17

U. S. ARMY ENGINEER DISTRICT
lOS ANGelES

CQttPS OF ENGINEERS

l<SI"EC. MO. O"CW09- _l!~_ e-QQLS.

D~T"CT filE NO. 241/237 ~O "

I,
REVISIONS

ouoonlONS

DATUM IS MEAN SEA LEVEL

NEW RIVER DAM

OUTLET WORKS

GEOLOGIC LOGS OF DIAMOND DRILL HOLES

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER)

OfSlGHfD IV

RLT

FOUNDATION REPORT

$y"",Ol

NOTES'

1. SEE ~OR THE GEOLOGIC MAP AND DIAMOND DRILL
HOLE PLAN OF EXPLORATION

2. SEE ~FOR OUTLET IIORKS PROFILE

3. SEE ~FOl DAM E~BANI(~ENT FOUNlJATION GEOLOGIC PROFILE

4. SEE~ FDR LEGEND

5. DIAMOND DRILL HOLE ELEVATIONS ARE SLRVEYEO.

6. ALL SOIL CLASSIFICATIONS SHOW~ ON THIS SHEET ARE VISLAL.

PAYS

ELEV /3984'

ALLUVIUM; silty ••ntJy flfol'el

GRAN I T[: gray. hurd, COO". -grrJl ned, .1 ,,11'1 y •• 0 th.r.d.
hIghly froc:tur.d;

IH>d.rnt.ly soft to 1'I0•• ro,./y hord (••d.fotely ...other.d).-

;: ~:~6~~: l i ~ ~~ :~~ .~~ .~h;~ ;~'~.:~.~~~: ~;g. ~~dJ~~~~~ ':~~ '0 ~
near ve,t,col and Oft: sllthtly ••ather.d .. ,t" "',nor rus'.
sttHnl"g enrl .o-e clay f,II,"g.

50f/, hl9t11y weofitftred 25' 4.6', 4 9- 64'

PLATE 2

r,/ilAH I TE' gray, hard, coar se -fJro Ined, S I ,gh t I y ..eo the ,.d.
highly froctured '0 18.0: ",oderately '0 highly fractur.d:
18.0-24.", h'ecc,oled and r.heoled,,,,ad"'"tely hard,
brOfl'n (ru.'It-sta/ned),,.od,,rot.ly .."ather.d· ';.3-8.0;
10.7-/2.0: IS.0·/8.0'.Jolnt. d,p 20!60·""th OCCOSIl'HHII

n.ar ...ert,col and are sl,qhtly ",eath.r.d.rust sta,~d

to 2.'t .0'

$oft,h'ghlywealhered 30-6.3'

VERT SCALE I IN = 10FT

1"2.oA3:EAOA3:E:i°"",,,,,,,,,,,iiIO===:i20,,,,,,,,,,,,,,,,,,'"

PLATE 12

PLATE 5

PLATE 6

ELEV 13964'

ALLUVIIIN' SI 'ty sandy !Jro ...el.

PAYS

..
I

64%R.co .... ry August '''0

Orill.rl fro", 0.0 to 24.1' (a' H r llze core. IOO%d,III
It'oler '.'urn 0.0 to IT.I)· onrl P3.0 to 24.1' loo%/oss.
17.9 10 23.0'

COR'
LOSS
IN °/.

84%Reco ... ery Augus I I JeD

Drill.d fro/ll 0.010 34.8' fo, H' "zed Core. lOO"od,iJl It'of.r
retu'n,D.O to 23,9~ No r.tl1"',23.9 10 25.!J: 25-50 0/0,.tllrn,
25.9 10 14.8'

00'

COR'
LOSS

00' IN -I.

55

ENGINEERING

OUTLET WORKS

DD-35

SAFETY

OUTLET WORKS/EMBANKMENT

DD- 34

to 179

~ESSuRE TESTS

NO
TEST

24.1

12.0

PRESSURE TESTS

DEPTH PRfSSIJft£ a, ,

NO
TEST

10.0

10 12 27

259

10 39 It

20 7 I 14

348 '0 11.3 14

VALUE

FAULT ZOHf hrecc,oted,h,gh/y "eathererl,~orlerotely soft
rani te .. , t cia .. Ih

GRANITf ')rny.harll.coorse gralned.hlgll/!, fractu'f'ld,s/l9htly
10 moderately "'eatllererl,I'Iarlf'!rote/y sot' 27.2-27.7'
JOlnls dip 4Q--60°(l/ld arf'! sl,ghtly It'eothf'lred,rusl stained,
clay cooted,occaslOnol slickensides.'

COR'
LOSS

c).O' IN •.• ELEV 1401 J'

D"/'f!Q from 0.010344 for N W slzerl core. IOO'.dflll wat"r
n"ur" 'or entl re hole.

GRANITE ..h,Ie ;0 ye/IOff'-hro",n,lflorl"rat"l y srft to ",oderately
hard,coorstl-gro,nerl,morlfl:rotely to highly "I!atherlr'rl,hlghll 0

'rac/ured. lOlli'S d,p ""0' ...ert,col ""th ,"tersect,n!J 40-60
onrl are rust-stained and tffOderately to h'ghly weathererl.

78'}'. Reco ... ery AU!JlIs I 1980

O,,/Ied fra", 0.0 to 34 4'for N' sIzed core. 100%dr'" ..oter for
Ihe enl"", hole.

COR'
LOSS

00' IN -I. ELEV 14027

2.0~"A~~; ALLUVIU"" Silty sandy gro ... el
-'I'

'" GRANlTf dark gray.Moderat"ly hard '0 hard. f,ne-g,a,n"d,
'f \ oltered.",orl"ra'e/y weofhfl:r"rl.hlghl y frocturerl,lIlorle,otl"lyIlt\r soft II R-12.S'.IJfeccloted 1.R-8.3: ",aderate/y so't.
\,I! oltered gouge zOlle.h'!lhly "'eotherfJd 16.0-17.5'. Jo,n's
I \/1 dip Pflmaflly /leUr ...ert,col and or" (lsI/al,y Da,al'el.
II I morleratf'lly ...ealhf!red,,",,th ftumerous thIn cloy gouge layers,\ff/ soll,h,~hl!, ",,,othered' ?0-6.7'.

/90' \\, f

~
}~\ AlLUV/u"f .'lIlt 'I .'Iandy gra ...e/.

~.I:~

>'\', GRANITE gray to yeIlOff'-hrQIt"! (rust~sta/nftd).coorse-
1/1' ,rolnerl.Modf'lrale/y soft,hfl:o"" Iy It'e~therf'lrl,hl!Jhlyo(r'i!cturftd,
11/ "'Cderotely hard tv."arrl· 14.3~/7.5 .Jo,n~.$aID 4f()~60 anrl are
", .od.rote/y to hlto ... ,ly It'.ath.r.rl.rust-.'Itolned,lt'lth brOlt'n cloy
I~II and occuslonol sllCk.nsldf'!s,soft.h,ghly It'"other.d· 5.0-11.1'.

/7 S' ):,~\

OUTLET WORKS

DD -32

OUTLET WORKS

DD -33

10 00 00

30 0.0 0.0

20 00 0,0

10 10 02

NO

TEST

NO
TEST

GRAVITY 04 0 I

PRESSURE TE STS

PR E SSURE TESTS

344

100

100

DEPTH ~S~RE a

DE PTH P"~S~URE a



VALUE ENGINEERING

......
"''''0

o

PAYS

..
.....

' ..
C
o

SPILLWAY- PLAN OF EXPLORATION

TEST TRENCH 93-PLAN

Ot~8 0+""

30·

0+40

80·

7~·

.00- 41

2~."'1
~

80·

0+30

80·. ~

65·

Q-t20

25·

•

0·10

80·

C,I
~ 24

0+00

SCALE I IN =~ FT

'Etb=ee:::Je~°t::==='EO====~'O~O==::::::J'TO

CONTOUR INTERVAL 2 fT AND 10 fT

.0 D- 42

PLATE 19

PLATE 20

PLATES 21 8 22

PLATE 2

~
I, SEE SIl£U..l.io. FOR SPI LL'" 5fDLOSIC 1Il~ _ LOSS _ lKA".S

OF TEST TRENCHES 5' THMJijGH .0

2, SEE ............. FOIl SfILLU' PllOFILE WlIl SlCTltIIlS,

3. SEF SHFUS 18&IQFOQ "OlOI;IC lOI;S OF DIAMCIID Dlill MOLES.

•. SEE SJU.U...3. FOR lEGOlD.

5. PROF IlES SHOIN ARE OF THE SOUTHEAST WAll OF EACH TRENCH.

5, TRENCHING ACCOIlf'L1SHED USING o"e DOZER "'N N'IllIAULIC IUOE AlIl
SINGLE TOOTH RlftPER;II:IP'PIMC FM* A SOUTHWEST TO flQtTH£AST DUtECTICII
IN TEst TRENCH 93 ANO FROM A NORtHEASt to SOUTHWEST DIJt£CTICIl IN

TESt TRENCH U

7. NO LINE OF REFUSAl lAS ENCOl_HEMD IN teSt tMMCtt '4

Appro~imo'~ Ground Surface
sw TEST TRENCH 94 - PLAN

OATUM IS MEAN SEA LEVEl

1475

(465

1470

sw

Bot tOIft of Trench

/

Reslduol so,l Clnd loose ••otner.d andesite h.droc/( .

Appro~lmo'~ Ground Sur face

Tva

ANDESITE: IJroy, hord, blocky, fIIoduote Iy
fractured "" tn severol pockets of
h'l}'dy froctured rock, JOInts ore
fa"Iy tIght and I}enerally spoced 4 to
12 Inches apart,sll!Jhtly ,..eathered ,..,th
reslritlal so,l and root systeMs,IIIlnor bre-
cc I ated and reneu I erl zones up to I , nch th I ck .

~=--=:----- --::;=- l -::-114BOC _

NE

1480

1475

....
w
w...

1470
;;

Z

9
....

1465">
w
..J
w

150B

1514

1506

1510

1512
'" .....- - --

Bot'o", of TrenCh~

c-:::'-=-=-?- -'- _7 - _ 7_
-'-- "\

.......·,nferred I.ne of refusol

'--

Reslduol_SO.!..! ~d-.!..-oo!!. ~o'hued ondu,te

ANDESITE: gfoY,_odrrofttly hord '0 IIord,plo'r to bloCky
h,ghly fractured,lo'nts are fo,rly "ght and
• p.ced I to <4 Inches oport,sl,gh".,. to I"toderote-
I)' ."olll.red ."h r.s,duol sod If""'.ng.sevflrol Tve
brecclohrl and fllheol.d zones up to" .nches 'hIe,,"
bet ..een stot.ons 0.00 ond 0.25

1 S,U II.ay-Approx".,ate 'nvert rlevot ,on '450' I
14~t9:C8:-----'0=-.-=-9c=----:a=--'":8:::C---=-0+'-:7::a:---=-0''-:6::a:--::-0+-;5C:-:-----=0-'-.4:co:--:::0+:'-13:cC:---;o:".-=-2o:----:o+:"I-;,a:---o::'t~~!SO

If VISIONS

Tvo
1504

1502

1460 Tva 1460

_IY
RLT

U. S. MMY fNGHfll DlllIlCT
lOS AHGRfS

<XlIPS Of ....._5

GILA RiVER BASIN
PHOENIX, ARtZONtl. QNO VICINITY \1NCLUOING NEw RiVER}

TEST TRENCH 94-PROFILE

~lZ SCALE I IN : 10 FT
10 0 10 20 Xl
HRAHA

PLATE 18

DtSmcT .....f NO. 241/ 240

NEW RIVER DAM

SPILLWAY PLAN OF EXPLORATION
AND LOGS OF TEST TRENCHES

FOUNDATION REPORT

"I
VEAT SCALE I IN : 5 FT

:> 0 :> 10
H H bd

PAYSSAFETY

VEAT. SCALE I IN : 2 FT
2 I 0 I 2 .l
BAH E""""'"3 E""""'"3

HQRIZ SCALE' I IN • 5 FT
') 0 ') 10 I')
H H bd I

TEST TRENCH 93- PROFILE

l.:-:-----::'-=-----~O::'.-:4:;;0-----~0:;'.'-;3:;;0:-------;;0~.2;;0;------;0;:.;;:,0:--------;;0::+~~55



SPILLWAY TEST TRENCHES

TEST
DEPTH

MAX.TO
TRENCH No. BEDROCk. DEPTH DIMENSIONS BEARING REMARkS

5B 0.0'·1 .0' 1.0
48' LONG

N 35"E REFUSAL IN TUffACEOUS SUOSTON[@ l' STAll[

l' "DE AND DIP N55' ... 3S'IfE

59 1 5' 1.0'
2B'LONG

~ 85"£ REFUSAl I N BROWN SANDS TON( ~ 2'
1 IIOE

60 0.5' 1.0' 3B'LONG Elw REFUSAL IN $AN0510NE.2'
l' WIDE

61 05' 1.5' 35' LONG
N 40

0
E REFUSAL IN BROWN S~NDSI0N[ I! 1 5'

2 IIDE

61 0.5' 1.0' 25' LONG
N 55"£ REFUSAl IN TUFF ~ 1 0'

l' WIDE

63 1.0' 1.5' 55' LONG
N 43'E

REFUSAL IN WHITE SANDSTONE wi INTER-

l' WIDE MINGLED BRO.'" SANtlSTONE LAYERSfl2 5'

64 0.5' 0.5' 3D' LONG
N 70"E REFUSAl IN TUFF IJ 0 5'

2 l. tOE

16' LONG
REFUSAL IN CALICHE CEMENTEO ltRECCIA

65 0.5' 0.5 N 47"E fN~~~~~~t:~~LSEJ~Sfe:-F A1'bEC1't~~~~ :g~AROl' WIDE THE N. END

1.0
35' LONG

N 40" E REFUSAL IN BROWN SANDSTONE. 2 0'66 0.5
l' WIDE

0.5' 0,5'
31' LONG

N 54'E REFUSAL IN TUFF. 0.5'61
l'WIDE

6B 0.5 0.5' 30' LONG N 22<>[ REFUSAL IN lUFF #J 0 5'
1 WIDE

69 1.0' 1 5
40' LONG N 5D'E REFUSAL IN BROIN TUff ~ I 5

2' WIDE

1.0'
41' LONG

N 12'E
REFUSAl.IFTIN BRQWNSANOSTONE 0'·10'

10 1.0 FROM THE N END Or THE T~ENCH, F~Ot.l

l' WIDE IO'-47'REFUSALG' I FT IN TUFF

II 0,5'
30' LONG

N 12'E REFUSAL IN TUFF ~ o 5'0,5
1 trOE

0,5' 1.0'
3B' LONG

N 11'E REFUSAl IN TUFF ~ 1011 2' IIOE

1.0'
50' LONG

N 2S"E PEFUSAl IN TUFF #) 1.0'13 0,5
l' WIDE

34' LONG
REFUSAL'IFTINTUFF~S END OFT~~

14 I 0'-1,5' 4.0' N 42"E REFUSAL • FT IN THE ~EST OF THE T~ENCH

2' tiDE IS IN WHITE-GRAY SANDSTONE I NO TUFF CAP)

15 o.o'-u 5 3.0' 44' LONG N 35'E ?!G~~~~~rti~fJf~Et'J:Xf~~S~~:oJ~82N~:EgD.
l' WIDE SANDSTONE

0.5' 3,5' 30' LONG N 43' E
REFUSAL@>3 5FT IN BROWN SANDSTONE WHICH

16 GRADES INTO WHITE-GREy SANDSTONE I' FT
l' WIDE FROM THE N END OF THE TRENCH

11 0.5' I 5 3'" LONG N 40" E REFUSAL~I S FT IN BROWN SANDSTONE WHICH
GRADES INTO WHITE-GREY SANDSTONE 25 rT

l' WIDE FROM THE N END OF THE TRENCH

~:

I SEE~ FOR SPILLWAY PLAN OF EXPLORATION PLATE 18

SEE~ FOR SPILLIAY PROFILE AND SECTIONS PLATE 20
SEE __ FOR LEGEND, PLATE 2

AlL SOIL CLASSIFICATIDIS SHDIN OIl THIS SHEET ARE VISUAL.
ALL TRENCHES ARE COVERED BY A TH I N LAVER (UP TO 1.5 FT.
TH I CK) OF AlLUV I UM: BROWN SANDY SIII AND SLDPEWASH.
FINAL DEPTH OF EACH TRENCH lAS DETERMINED BY REFUSAL IN
SEDROCK OR CALI CHE

) AlL TEST TRENCHES WERE EXCAVATED II TH A CASE 58D-C BACKHOE

J\

\,/

VALUE ENGINEERIN PAYS

\
"- \\ ;;'" \ ~L

" i;; \"

~~'"., Tvo

'"

-\N 993,600~J)
-----./ \

SPILLWAY TEST TRENCH PLAN
SCALE I IN, & 100 FT.

100 a 100 200
IHRRRR

CONTOUR INTERVAL .. n. AND 20 Fl,

SPILLWAY TEST TRENCHES
DATUM IS MEAN SEA LEVEL

TEST TRENCH NO DEPTH TO
BEDROCK

IllAXIIlIUIlI
DEPTH

oI.ENSIONS BEARING REMARKS - GEOlOCIC lOG OF THE fEST Ull OF EACH TRENCH ,,,.K><

18 l'
110' LOIG

l' IIDE 115"E
SUTIO"lNG BEGINS U THE UPSTRH" EHLJ Of IHE TREJ"CH
STATION 0.00 TO 0 .. 11-ANOESITE GRAl HARD 11TH ALTERED M,DfSIH AND FLOI BRECCIA NEAR TUFF

SHilOH 0.. 11 TO O·J8-IUrr,BROIN HARD IEUHEREO CONUCT

SUTlIiIN 0.3B TO DdU-TUFF,IHlTE.100EUTELY HARD

REVISIONS

U. S. MMY ENGINEER D4S1l:1CT
lOS ANGelES

COItPS OF ENGINEE«S

FOUNDATION REPORT

79

10

0,5'

0.5'

l'

to,

• 1I'f

" 34' f

STATION O'H TO '·SS-CAlICHEHARO.IUl CEIENTED CAP

STATtON '·55 TO 1.5S-TUFF IHITE.IOOEUTEll HARD

STATION 1·55 TO 1·10-SANDSTONE GRAY COARSE GRAINED

STATION 0..10 TO O..14·ANOESITE. REO, PURPLE, ALTEREO, lEATHEREO, HARD 11TH SOlE flOI BRECCIAI

STATION 0·14 TO 0·19 TUff BROIN.HARO,IEATHEREO NEAR TUFF CONTACT

STATION 0-19 TO 1'80 CAlICHEt,lPHARD,OCCASIONAl 10NES Of 100 HARD IIlIT[ TUFf

STATIO'" iJ-OO TO O·,O·CAlICHE CllP,HARD,REFUSAlOI'

STATION 0-10 TO Ool4-fLOWBRECCIA,RE01IROIN,HIGHLY lEATHERED ANO fRACTURED,lillXEO WITH CALICHE.

STATION 0014 TO '.60-RHUSAlII"-2' IN A HARO CAlICNE CAP -/OCCASIONAl ZONES Of 'HITE TUff

SAFETY PAYS

RLT

=

(ill/!; RiVER. BAS1N

PHOENIX. ARIZONA AND VICINITY llNCLuOI'"G NEW RiVER)

NEW RIVER DAM
SPILLWAY AND DAM EMBANKMENT

(RIGHT ABUTMENT) GEOLOGY

LOCATION AND LOGS OF

SPILLWAY TEST TRENCHES

DrSTtlCT fltE NO. 241/241

PLATE 19



VALUE ENGINEERING PAYS

1490

'440

1420

1480

'410

1470

1450

1460

1500

§ 1510

LEFT
SIDE

________-'1400

£. Spillway

ApprOXimate
ground surface

60." j
ApprOXImate Inllert elevatIon 1449.5'

G
1510 r

R GHT
1S00r- rJOE

SECTION G-G STA.14+90

1440

1490

1450

1470

1480

1460

1430

1410

1400 L _

1420

~

z
o.....
>
w
~

w

1410

1420

1450

1430

1510

1470

1500

1460

1440

1490

1480

B
1520

T~,

DOV'f\STRE.n.f>,·
S DE

DO-SOl Pro!)
\

ApprOXimate 9round surfoce

DD-41IProj.)

00-40

00- 39IProj.}(lnCI.45·)

UPSTREAM
S I DE

B
1~20

1490

1510

1420

1480

1500

1440

1430

1470

1410

"\ I
\ I

I Tvo \ I
/ \ I

/' \ I I
/ \ I I 1

,L~/ ~------\l---. /--!'~nv~e~r!..t!.O,!-(~5pi/lwoy ~I I/ ---- t-- _ Tvo / ///

/ 1 I I / '/ / },'I-- - - , _
// ,. " \. . I TVO:y'/',,/~ (-

/
/ 601' 992 I /1/'-IVU /1 --

/ Tva 1 / / / I Q 001
/ / / /

I. 5' " / I Tr / 1
//f' III TVI2_J4 315'

/r/~ Tvfb / / I /
~ //// 60.7.1 II

1400 "s'"';"'~-.-2=-0=-<O'-::-::0------1-9.L.0-0------IB..J.LO-0------'-h.L0-9------1-6..l.0-0------I5.l.a-,-,-0------14-_lLO-,-O..:...-~~=-C-,73<O~0,------",..LO~O,---_--I1400

1450

z 1460
o....
~
~

w

..
w
w

-"

PLATE 20

1430

1440

1420

1480

1450

1460

1490

H
I~OO

WK. tcJ, IrIIlCwot· _!}_ "'QQl~

..-cT fW"I! tcJ. 241/242

LEFT
SIDE

'0
J

'0

REVISIONS

DATUM IS MEAN SEA LEVEL

GJLA RIVER BASIN

PHOENIX, ARIZONA AND VICINITY IINClUOlNG NEw RIVER)

NEW RIVER DAM

SPILLWAY

PROFILE AND SECTIONS
__ n,

RLf
_n,

c:;.

FOUNDATION REPORT

VERT SCALE 1 IN = 20 FT
20 0 20
E3: ::E3 :=::L

HQRIZ SCALE 1IN =20 FT

'8=,·E=:EE3=:'E°=======32O~=='f'

20
H E3

[ Spi/fwoy -)

VERT SCALE 'IN' 20 FT

'Eb3:::EE33:::::E°======3:'O'===:l4,O
HaRll SCALE 1 IN "20 FT

o 20

ApprOXimate
ground surface

Tva

RIGHT

SIDE

H
1500

1490

1430

SECTION H-H STA. 13+30

1480

1440

1420

1450

1470

ApprOXimate Invert
"F+ elevation 1446'

1410 Tvt2_4 j1410

1400 LI --'Ul60L.7~· 1400

DIAMOND DRILL HOLE INCLINATIONS ARE MEASUIlED FROM
HORIZONTAL

THE SPILLWAY IS 75 FEET WIDE AT THE BASE6

NOTES. PLATE '8

SEE ~FOR SP1LL.....Y PLAN OF EXPLORATION, LOCATION
Of P~r..'H:IfNO LOCIITIQN OF SECTIONS.

SEE ~FOR THE GEOLOGIC MAP OF THE SP1LLWAY SITE

AND lIl~W'JY21 ond 22
3 SEt SflEElSI8 A140 13 F~ THE GEOLOGIC LOGS OF DIAMOND DRILL

HOL~:ATES 2 and 5

4 SEE ShEE 15 5 A146 4 FOR LEGENDS.

5

1510

1500

1530

1540

1520

1470

1450

1440

1460

1510

1500

1490

1440

- 1420

-t 1430

- 1490

J 14BO

1'470

1'460

.oJ 1450

..... 1430

F
1530

LEI="T
SIDE

60
I

'0
I

Tva

PAYS

79 "

(APprOXImate Invert
elevation 1455'

ApprOXimate
ground surface

30 HQRIZ ~CALE I IN 3030 FT
HHH

VERT SCALE liN = 20 FT
20 0 20
H Ed

79 g'

-;1420

j14/0

- 1400

SECTION F-F STA.16~50

SAFETY

20 VERT SoCALE I IN 2020 rT 40

E'3: F"'3: ~----=3: ~

Xl HQRlZ &CAlE I IN YJ 30FT 60
AHA i

Tva

ApprOXImate Inllert /
elevation 1454' /'

E

1430 r-

1490

'460

'470

SECTION E-E STA./7+IO

1500

1400'-------__

1440

1480

1410

1420

F
1530

1420r

1410 [ J 1410

1400 1400

1450

1430

1490

~

z
o...
'">w
~

w

'0
I

vERT SCALE I IN • 20 FT
2L E3 0 2,0

HORIZ SCALE I IN • 50 FT

5'llg:EHnHa::sHClHi°i======15~0==:::::'llro

1460

1470

1420

1450

1430

1500

1440

1520

1510

1410

1460

1440

1480

1490

1450

1410

1420

1490

1470

1480

J 1430

o
1530

LEFT
SIDE

",
I

'0

ApprOXImate
ground surface

Invert elevation of
crest 14562'

Tva

(

SP,/fWOY
excavation

limlls

60,"

£ Spillwoy I)
I

I
00-40

I£. Spillway ....

VERT SCALE· I I ; 20 FT
~ 0 w ~

E3 E3 =====::J
HQRIZ SCALE I IN = 20 FT

~ 0 20 40
H E3 I

H HQ'R,z SCALE lIN o 30FT
jO 0 }()
dB .........

Tva

SECTION D-D STA. 17+50
VERT SCALE J IN = 20 FT

20 0 20

(,~~I-~~·T
(Proj.) I

I
I
I

52.1' I
'--~I-L.+-....----'

I

1'''1

Approximote inveJ
elevation 1453.5'

59 I

RIGHT
SIDE

Tva

C
1520

1510

1500

1410

1420

SECTION C-C STA.18+20

1400 L ---l 1400

1510

1470

1450

1480

1~30 0
RIGHT _IDE

1400L ----.J 1400

1460

1460

PROFILE ALONG t SPI LLWAY

1410

1420

1430

~

z
o
:; 1450

~
-l 1440
w



VALUE ENGINEERING PAYS
SPILLWAY

DD-13
SPILLWAY

OD-42
SPILLWAY

00-38

ANDESITE: groy.hord,h,ghly froc'ured,
nu",erous ....s"l.s '0 29' d.plh.

;~~;~~:~;r fractured 6./-9.7', , ... .7-/1.3'.

shattered 0.0- ... 0: 17 ..l-18 .... : 26.2-29 "
JI.7-3.L8'. 52.0'57.5'

,.oderotely '0 hIghly froctufld 53.9-59.1'.

/oinfs dIp g.nerally 20!"0~or. usually parallel
wllh sOAe 'nlersec',ng 50~n.or ... rf,col /olnts,
.os, lOIn's conlo'n varyIng _aunts o( calC! f.
"lfh 'IIInor cloy,sl,gh1ly ".other.d w,th .,nor
r,slduol so,1 f,ll,ng to 13'.

ELEV 15004'

CORE
LOSS
I ....

-"-~

---

:-;:

:-:

0'

40 19 8 08

10 09 0 I

10 88 19

20 64 O.t;

NO
TEST

PRESSURE TESTS

81

97'" Recovery Dec.",ber 1980

n"I'ed (rolll 0.0 to <4.0'for II X Slud cor•. frol'l 4.010 59 I'
(or H , s,zed core. 7S-IOO".drdl "oler relurn,O,O to 59.1' .

291

DEPTH PR~~~URE a

L--,,5,,-9.o-'_"___-'-_-'----l 5,--9',-',,-,-,~;:CCL_-'- _---------------

/o,nls generally dip 20~40~ llsuolly parallel
1I'"h some Intersec'ln!7 60~neor vert,col 1049.9';
most lolnts conlolr! mInor cnlc' te and hard cloy,
s/,gMI)' lI'eo,hered., fh ,."nor resldunl so, I I,I/,n9
10 8'

shollered. 0 0-2.J~ 33-3.6'. 62-6.7: 7.3-7 7~
10 ff-II I". 16 1-16 5~ 19.5-19.9: 27.2-27.8'.
JI 0-.11 5: 35 E;-36 0'. <40.2-407'.

,.oderotel'jl froclured 8 1-9 9: 16 5-18 2:
38 4-402'. 50 A·59 4'

ANDESITE: !7roY,hard.h,ghly froclu:ed 10 !'iO 4:
occcnionol vugs and veSIcles.

[LEV. 1479.5'

CORE
LOSS,....

--

==-r
0'

20 235 35

10 100 13

10 0.0 00

20 03 003

40 0.1 00

10 173 40

NO
TEST

PRESSURE TESTS

97 %Reco ..ery Decuber 1'180

Dr, lied fro,., 0 0-4 7' for NX s ,zed cor~, frOl1ll .. .7 10 59 7'
for H'" SIzed .:ore lOOt. rl" I I wafer r~/urnO.0'016.4'ond
25110 59 7; fOO% dull wo,~rloss 16 4 -25 t'

25 ,

91

457

'-",,9c.c'_---'- "-_L--J 5",9,,7-,,'=--="--,_

lo,n's d,p pr",o" /y H V and 30
0

to 60°
onrl are clean for 'he 1'1105' por',w"h m,nor
colclf~ "11 ,ng

sho"~rf!d 6 3-6 7', 10 4-10 7: 192-19.9:
229-25 6'. 26 3-26 9', 360-36 4'. 75 6-75 9'

ALLUVIU"': Ru,duol sOIl and loose blocky andesite bedrock

A~SITE groy.hord with nUIlIerous calc' Ie veIns
and occos,onol colc,Ie fll'erl vugs and ves,cles.
moderalely '0 h,gh/y fraclured

CORE
LOSS
IN"4 HEv. /513.8'

--.

0'

NO
TEST

PRESSURE T ST

26.7

DEPTH "R~~SURE 0

/o,n's generally d,p 2O~«J:usuolly poroll., ""h oCCaSIonal
,ntersect'ng 60'!neor verflcof,-as' /o,nt, conto,n ..orYlng
amounts of colcl'e .,th ,.,nor hard cloy,sll."t/y ,,~o"l.rld

"lfh Ifflnor res,duol soli ("',ng '0 5'.

shonered-brecclo'ed 27.4-294',30.4-3'08', 65.2-U.l,
73.1-73.7'

I;'th,ck brecc,oled and reh.ol.d zone d'Pp,ng n.or lI'~rt,cO/,
l'Iodero'f!ly soft to .oderole/y hard "lfh ,0fU sl,dc.n"d.s·
6 .3-/0.2' .

.odero'ely fractured 30.8-32.": 40.6-<'.8', ...... 5 .•.';
48.6-51.7,531-5.... 9', ".'·".7', n.l-n.I', ".1,'8.4 .

..orlero,ely '0 sll,h"y froctur.d 10.8-'5.".

AN~S'TE: groy,hord,h,ghly froclur.d,
occasIonal vugs and veslclls.

ELEV. 1514.5'

---I

CORE
LOSS

0' IN "4

SPILLWAY
OD-41

10 0.0 0 a

10 19.5 3 I

20 00 00

10 9.1 oe

40 20·3 10

10 158 55

20 ~.I 1.0

40 7.1 0 3

NO
TEST

PRESSURE TESTS

105

38.7

61.6

20,5

DEPTH PRtt.%.rVRE a

_ 33.7 - - - - - - -

10 184 6.2

L-..:.7-"9-"_"-__---'-_-'---' "'7':-:'..1--_--'-_"- _

88%Reco ..ery Oece.ber 1980

O"l/ed frOIll 0.0 '0 ".5'for NX "zed core,fr.. .... 5 f. ".1' for
for H • SIzed core. 100"-d" " wohr r.'urn 0.0 to 78.St SO'"
d,,11 "o'er lou 78.5'0 79.1'.

10lnts dIP generolly 2o~"o7u$uol Iy parol lei ... "h sOllie
In'erseclulg SO'!neor verflcol, ~os' /oln's con'oln ..ory,ng
omoun'S of calCIte and ""nor c/oy.sllghtly lI'f!othered w"h
m,nor brn"," res,duol soli ftll,ng '0 IS'.

brecclol~d 77 5.·28 .?: ~ 1-<47.5' (.odHote/y sofl
"Clderofely hard'

shattered 45-50',92-10.0',28.2-30.3',30.9-3/.5',37.7-38.2'
408-41.2',50.1-504'

ANJESfTE: groy.hard.hlghly froclured,nu",erous ves,clr.s
fa IS' Jeplh

.oderotely froc'ured 20.0'2... 3', "'2.3-"'3.2', JI 5-327'

£LEV (4922'

--

-"-

:-:

Eg~!
0' rN%

SPILLWAY
OD-40

20 25.0 1.7

10 207 19

10 176 33

10 178 32

20 217 2 5

NO
TEST

PRESSURE TESTS

51 I

93%Recovery January /98/

O"II.d frOIll 0 a '0 4.5'for H X s,zed core. fro", 4.5 to 60.1'
for H It' SIzed core IOO".drrfl Iroter relurn,a.Oto 27.5',2'.0
'0 3" 0:J4.4 to 46.5~ /OO'Yod"" "oler 10$$,27.5 to 29.0',
34 0 '0 34.8: 46 5 '060 "

NO
35.1 TEST

30.0

100

35 I -60 I

L-_6",0,--,O-'-'- '-__'_-' 6",0..:.'-,,'-~'.=-oa--J'--

,o,nls generally d,p 20'!70:parol/el and Interseclln~.
• 05' /Olnts con'a,n varyIng a,.ounfs of calc, te and ""nor
cloy.occos,onol s/ ,cltensldes ,IOln"ng IndlSltncf to .H:
sllght/y weo,hered ,.,th ,.,nor brown res,dual SOIl f,l',n,
'0 25' .

shat'ered-brecc,o'ed 57.0-57.9'

breccIated and rehea/ed.morlerafely sofl-f'Iaderote/y hard
"'5.8-"6.8'. 78,4-79.2'

ANDESlT£ ;roy,hord.hlghly fro,=Iured.

shattered: 21 0-21 9: 2<4.7-26.4: .'" 4·32.5: 33.2-n.6:
381-386: 509-5/7'.55.0-555: 635-63.9'.8/.3-82./'.
82 9-83 3: 93 3-93.8'

--

- moderately froclured 65 <4-68.0: 69.0-70.0'

shatterf'd-r"ghly froc'ured' 0.0-20 4: 26.4-31.4'. 55.5
56 I'. 64 1-69.0'. 70.7·71 9'. 7?2-12.9'. 792-802'.

_~ I ooJ", .. ,,-',.h', (,.,,",,4 J5 0-" ", 84 2-'4 J'

-.-1

CORE

0' L~SS ELEV 1503 5'

SPILLWAY
DD-39(lncl,ned 45°)

89 05

18 02

135 09

10 129 2 I

15 188 2.4

10 4 4 03

30

20

NO
TEST

PRESSURE TESTS

I

6<,0 I

35 °

99%Recovery Jonunrv 1980

D"lIed wlfh 0 ',,-cone rock b" fro", 0.0 '03 I'.
f rOrtl 3 I '0 79 9' for N)t s, led co re.N X cas' ng se I from
0.0 '02 5',IOO%d" I I woter relurn frol'l 0.0' 10 79.9'
ucepl for /00%10$$ 21.310 22.3'ond 237 to 25.8'

150

I
50

L-..:19-=-=9_'-__---'-_-'-----J 7'-'9'-9'--',~;:..:=_-"__' _

10 38 02

'--'9,,;9"',2'-'-__-"-_-L...J 99=2.1'.=-..-"-_1- _
77"1'oReco ..ery January 1981

Orll/ed froa 00'0 4 S'for H ~ s,zed core,frotl 4 5 '0 !l9.2'
for N r SIzed corf' lOO%d"II wo'er re'urn 0.0 to 2~ 5:
J5 0 '0 86 0:89 0 to !t/O:'.... 3 '0 4~ 2' IOO%d"II ...o'er
lou 29.5 to 350;~60 to "'.0:91.0'0'43'

....1(><

IUVISIOHS

U. S. N.MY !HGIHRI CUfttCf
lOS AHGflfS

O=-PS Of fHGlNfIIIS

$f'K. NO. MCW09· _IL a-QQlli

DftTMCT I'I..E NO. 2"'1/2",3

I

NEW RIVER DO.M
SPILLWAY

GEOLOGIC LOGS OF
DIAMOND DRILL HOLES

13,38 THROUGH 42

DATUM IS MEAN SEA UVEL

GILA RIVER BASIN

PHOENIX. ARIZONA AND VICINITY (INCLUDING NEw RiVE'"
ilL T

~~
19,~

VERT. SCALE I IN : 10 F1"
10 0 to 2.0 )0
AHARA

I. SEE WEfTS 31 l t) FOR THE GEOLOGIC MAPS.

2, SEE~FOR SPILLIAY PLAN OF EXPLORATION,

3. SEE~F(lR SPIU••Y PROFilE ANn SECTIONS.

~. SEE~ FOR LEGEND.

5, DIAMOND DRILL HOLE HEYATIONS AM SURYEYED,

6, ALL SOIL CLASSIFICUIONS _ ON TNIS SHEET ARE YISUAL,

7 DIA'DND D~ILL HOLE INCLINATIONS UE 'EASU~ED F~lJtI HO~IIDNIAL,

PLATES 2 and 19

PLATE 18

PLATE 20

PLATE 6

83 03

163 05

20

<0

SAFETY PAYS FOUNDATION REPORT PLATE 21



VALUE ENGINEERING PAYS

SPILLWAY

00-43 (Inclined 45°)

SPILLWAY

00-46

SPILLWAY

OD - 47

PRESSURE TESTS

42.945.6 near ...ertlCol rough lo'nt I"od ",fh
calcite heoled brecc,attd ''''''e liP '0 '/2" thic.

-od.rately '0 ,1,gh,ly frocrur.d 50.3-52.'

sho t t.r.d '0 h'fJhly f roc tur.d 20.4-2 I .6.24.'-27.2,
33.5-37.1,47.6-49.4

shatt.r.d: 5.5-S.8,' 1·'.8,7.0-7.5,12.'·/3.5,
22.1-22.6,46 .4-47.0

ANOEstrE;groy,hard,h,ghly froctur.d w,fh occasIonal
I'U9 and l'eSlc/es.

ioints ~neral'¥ d,p ro:40:.ostly parallel .. ,th ._.
'nt.r.ect,ng 50-n.or .... rtlcol;.I,."tly w.otlt.r.rl .. ,th
.,"or ",.Oftn r• .,duol .od f,lI,ng to 12:.0.' JOInt.
cctnt.,n _ry,ngo,"oun', .f colc,t. w,th .0.. lII,nor
"ord rodd i .h-brOtWn c I.y.

ELEV. /514.5'

CORE
LOSS

IN ".0'

5.7 1.0

19.3 1.6

4.4 1.1

14.5 1.7

NO

10

10

20

20

TEST

PRESSURE TESTS

S PI LLWAY

IOO%Recovery February "8/

Orllied fra. 0.0 to 2.6'u"n9 r,,·cone rockb".Ortlhd 'r_ 2.6'052.1'
'or H' "zed core. IOO%d,,11 ..ater return 0.0-41.5: 100%10.. 41.5-52.1'.

32.1

21.1

DEPTH P"f~RE 0

'--"-0"'2."-.'-'- -'-_'-......J 5";Z",,.1=0"-'."-_L-- _

ELEV.1516.4·

loints g.neral'y d,p.20;40~.ostly parallel w,th
so.e ,nteruct,ng 50-70,sl,ghtly ••oth.r.d ."h
so.e r.s,dual so,I f,lljng 10 14'; mosr ,oints
conto,n vary,n9 _aunts of calc, te w, th .'nar
OlIIounts of r.dd"h-brOfl'n cloy.

ANDESITE; groy,hord,h,ghly fractured,nuMerous
I'esicles ro 10·dtPtll.

.oderotely fractured. 28.0-29.6'.

CORE
lOSS
IN ~.

..

. -

0'

0.0 0.0

0.0 0.0

2.4 0.4

24.0 2.8

12.6 1.8

10

10

20

99".Recovery January 1981
Ort/led froff 0.0 to 2.2'''lIh r,,-cone rockblt.Dr"'ed frOf/} 2.2
to 51.9'forNWSlzed core 100"" drill woter return 0.Ot049 0',
100". loss 4 9 0 to 5/.9'.

NO

TEST

PRESSURE TESTS

32.2

21.2

DEPTH "',fl~UR£ a

'-"'5.:.1."'9_L--__-'-_-'----1 ~01C!.8U'..:-:...--=.-'--' _

h/ghly fractured to shatter.d 764-77 4

aaderately to h,.hly· fractur.d: 1T.9 -".,.,
24. ,- 34. 1'.39.1- +4.2',49.2-54.2',59.0-'3.7:
64.0-" .5'. 78 J-93.8'.

br.cc,ot.d and r.h.al.d: 14.4-15.8'.(lIIoderofely
soft to 1II0derofely hard} ,ro.6-21.2'.N.I-24.9',
29.6- 30.7',31 .4 -32 .1'. 32.9-34.0',43.6-+4 .n.od.rote I y

soft 1.

Jo,nts g.neral'y d'''o20~70~...ostIY parallel w,th
,o",e ,ntersectlng 70-neor I'ertlcal and contain
I'arying e-aunts of calcite with ",'nor CHIloLJnfs of
red clay;sl,ghlly weathered .. ith sallie reSIdual sotl
ftl I ,ng to 29'.

.I"htly froctur.d: 77.4-78.1:35.4-36.5'.

shotter.d: 0.0-0.8: 12.0-12.5'.N.6-N.':
29.1-30. r, 42 .0-42. 6~ 69.2 -69.S: 74.4 -74.8:
8~.3-8~.8',90.8-91.3',92.4 - 92. 7'.

ANDESITE: graY,hard,IIastly hIghly fractured willi
accaslanol vugs and I'es,c/es.

CORE
LOSS
IN ow. ELEv. 1488 4'0'

7.4 0.6

6.3 1.1

9.~ 1.2

3.1 0.3

10 4 0.7

10

20

10

20

'0

NO

TEST

24.1

39.1

59.1

10 5.7 0.5

DD- 37
20

40

8.4 0.6

12.7 0.6
SPILLWAY

PRESSURE TESTS
DEPTH PIlt!-cS,SUftE 0 0'

CORE
lOSS
IN"., £LEV. 1462.6'

TUFF; mod~rO/dy hard to liard, mOderot"y to hlfJhly froct",red.IHnl,.I'! -'ro."
to pllrple_9rg'Y.bond._ (bonds d,o .3O·).• I••• y, f,,,. to coer.e _ ,r.,n,•.

10'"'' d,p ,.nllrolly 'O~or. ".rellel .. lfl'! .cc.".n.'ln,.".cti"fJ 'O!60·jo;nt.
,oint.oree,t".r cI ••norcontainmmoramOlJn', ofcolc,'.,_""""" cl.y .ith
occas,onal sllcklln"d.s.

ANDESITE: purpl.-groy,hard. h;fJ"'y 'racrlJred, wlr,.. neor w~r"col dippinO tllin
dik., of r.d I'U"kY.llloderotely .of, to mOderorelyflOrdreheo/ed breccHI lit
26 .'-K .4:" .,-tl .2:18.4-11 .".

".dd,.h olt.rat,.n to andesi'e.t t7.t-t8.5' .

ANDESITE: 9ray, 1I0rtl, 'lffJhly froctur.d

shotf.r.d: 0.0-2 ..(4.5-5.':".5-1' J'

sno,tered roll'fJ"'r 'racrur.d 2.3-4."

brecciated: 76 - 8.0'.

join's ••n.rall., _,p lO~«J7lJ,uolly porellel ... "h ,nrersec''"9 70·· near
",.rticol (ind"tlnct lo,n',ng to 4.5').

L_. _

FlfJ' MfCCIA: r~l.h-brcH,",-.4.r.'.'yh.rd t. ".r., ",od.ra'./r '0 1I"ltly
fr.ctllr" ("CId"t,nct ,oil'l"', .... i".:'7 .• -" . .(;cM'.i". en~/.r ".r_ pur~'.
.roy andesite f" ....n" •• 11 c.-.nt.d In II r••duh-bro.n por"al'y dey• ., o,.tt
....... ;eu'." IeOtrll' .it'" ,ca"ered pOCkets of h,ghly "''''culor aoderate/y •• " '0
....".'.,y "'ard 'COffO; occaJlonol calc, te strIngers

brecciat.d contoc' berween IIow brtcc,o and tuff

...,
34.7' '••

2.3 04

5 2 0.5 25.0' ......

28.5 ---~

182 1.5

24.1 1.5

10

20

20

NO
TEST

10

to,,~.co .... ry Jonutlry I'"
O"I/.d frolll 0.0-4.5'for It X "z.d cor.;fr.. 4,5-","'f.r" r .,..d c.r•.
IOO"d" II w.f.r r.tllrn 0.0·42 .T', 43 2-52.0' 100,," water Jou 42.7- 43.2:
52.0-60.7'.

6.7

30.7

~
~
k·"
~
~
~
~

L-...:6"'0=...:.7......J. ..L.._L-......J 60"'..:.7"'.8;.:""·"'="-_'-._"._._._"_._d_'_'_8_.'_.'_8_._7: _

ANOESITE: gray.hard,hlghly froctur.d occasIonal
vugs and ",.,icl., .

brecc,o/ed and reheol.d 7 .9-S.7, 17.4-17 .9,40.0-.fO.4.

ELEV./516.2'

,.aderafely 10 sl,ghtly fractured 27.2·32.4.

shof tered: 4.6·5.9',7. S-7. 9'. 36 .0-36.7'.

.aderotely to h,ghly fractur.d: 12.3-13.S'

.hott.r.d to br.ccioted: 2.0-4.6',5.9-7.3'.

COIitE
LOSS

0' IN'"

00-49

30 18.8 1.4

20 154 l.~

10 10.5 1.4

99". Reco ... ery February 1981

Drilled frOff 0.0·2.0'usin9 ',,-cone rockb,t.Drdlerl fro,. 2.0-42.0'
for N r SIzed core.75,.d,,11 wohr re'ur" 0.0-37:100,.10$$ 37-40',
50-7S~ return 40.0-42.0'

NO

TEST

PRESSURE TEST

21.0

10lnts generollr d,p 20~407are parallel w,th oCCaSIonal
,ntersect,ng SO-n."r vert,col; most ,o,nts lined ..ilh Calcite

... .'th III,nor hord red cloy;slqlhtly weathered w,th brOfrn
L-",4.c.2, ..",-0..L..__-,-_-,---,4",Z",.0,-,'","..:-",:L--....LLU.1JIlI.OL.I.lI.LLLLL1.L1Ul....1..l>..J"......,<L."~ _

shattered: 7.2-7.7:,8.1-18.6'

slightly fractured (good solid rock I:
25 .'·2~ .,', 2' .7'3/ .J: 32 .3'33 ./', 3T. /. 38 .J',
39. 1-40.J: 41.0-42.J'.

ANDESITE· gray.hard.ltOderafely to h,ghly
fractured,occas,anol ...ugs and ... es'cles.

CORE
lOSS
IN". ELEV. 1510.9'0'

00- 4 8

~ :-:

3.6 0.3

20

10

NO
TEST

PRESSURE TEST

SPILLWAY

77.8

6.8 0.5

• +
'-...:9""=..8"-'-__-'-_-'----1 :!.~3.8~=:::.--=_"-.L_L.. _

""'Core R.co .... ry D.c_b,,, "80
Drt/I.d fralll(J.O to 3.9'forN'K Jlzed core; fro., 3.9 1093.8'
farNWSlzed core. IOO,..d,,11 water return O.O-S.l'.lnt.r
• , ttent 25-100% losses Irom 8.1 to 39.( 100% loss from 39.1
to 93.8'

21.3

10 7.1 10

• oderotely tollifJhly fractured: 33.1-37. J'

aod.rotely froctur.d (one p,ece): 40.3-4'.0'.

br~cclot.d and r~h."I.d: 33.1-34.0'.

SPILLWAY

00-36

u. S. '*II' IHG'" _WCT
lO5 N«HUS

oo.PS Of lMG_SI
.fVISIOHS

NEW RIVER DAM
SPILLWAY

GEOLOGIC LOGS OF DIAMOND

36 307R~J 4~OLES 50

DATUM IS MEAN SEA LEVEL

GILA RIVER BASIN

PHOEN IX. ARIZONA AND VICINITY (II\;CLUDINC NE.W RIVERIRLT
_IT,

STIIlIK'It I

~
T' OA". snc. He. DACW09· _§,L "'221~

Q ........... _ DII~flUlC).2.1I2"4

'0
I

2010

VERT. SCALE: lIN. s 10 FT.

10 0
IHRHHH

PLATES 2819
1 SEE EIlEETG ilalE FOR THE GEOLOGIC IIUPS

SEE ............ FOR SPILLWAY PL.N OF EXPLOR.TlON

SEE ............., FOR SP I LLIAY PROF ILE AND SECT! ONS

• SEE ......... FOR LEGENO.

O".ONO ORlll HOLE ElEVATION5 'RE SURVEYEO

6 ALL SOIL CLASSIFICATIONS SHOrN ON THIS SHEET ARE VISUAL

CIAtOND DRILL ..tOlE INCLINATIONS ARE IllEASURED FRDN
HORIZONTAL

.hoftered: 0.0-2.0:55.4-36.0'.

,110""y fractured: 45.4-4'.6:50.7-52.4'.

lalnt, d,p , • .""al'y to:40~u.ually por.1 hI., Ih
,"'.r..ct'"fJ'O~f'Of ~rt,ca' .. jo,nh ./"htly .... th.r-
.tt .. itlt .,nar r."fluol so/I ',II,ng fo 15'. PlATE 18

/O/lt" or•• / t".r d.on or c."t.;n .,,,.r calc, reLATE 20
w/fh .... • ,,,.r "."tt cI.y. PLATE 6

CORE
lOSS
IN% HEV.I"83.3'

ooderately fractur.d: 7.'-'.1:55.2-58.2'

oodera Ie I y to ttlt)/Vy f roc tu".d: 20.2- 25. 1',45.2- 50.2 '.

.... DoderO te I y to .'i(}hlly froc fured: 50.2-50.7: 52 . 4-55 .2'

---r
~~

~.~

0'

99" Roco ... ery D.cember 1980

Drill.d from 0.0 fa 4.2"or NK .izod cor.; from ".2 fa 60.2'
for N W ,ized core. 100" drill wot.r r.'l/rn 0.0 1060.2'.

60.2 ••-

1.0 0.1

1.6 0.2

0.1 0.02

0.5 0.1

29 02

0.3 0.03

4.0 0.3

20

10

10 0.0 0.0

20

40

10

30

20

NO

TEST

PRESSURE TEST

9.2

20.2

60.2

,o,n" tltrou"hout core are .oderofe/y ..eather.d.cooted .. ,th
bra-n "es,dual '0" to 8.3';ore clean, unweathered from 8.3-31.5',
d,p 30-art parallel ."11 occas,onol Int"rlect,n9 60·.

10/"ts ••".rolly dip 20!40:ar~ parallel
w, th .oae ,nt~r••ct'ng 50~neor ... ert,cal;
slightly ...other.d .. lfh so,.e res,dual soli
f,ll,ng to 18.(;,.ost lo,nts conto,n ...arYln9
a.ounts of colc,te w,th .,nor reddlSh-bro..n
cloy.

UFF

CORE
lOSS
IN 'Y. ELEV 1447.6'

ALLUVIUM; rU;duo( soil ond s/OPU'Olh.
0'

7.4~Q

~ °
".5".0 CIt!

"""".co... ery February "81
Dffll.d fraa 0.0-2.5' uSIng tff-cone rOCkb, t.Dfflled froa 2.5-42."
for N r Sized core.IOO%dffll wat.r r.turn 0.042.3'.

SPILLWAY

DO-50

97 0.9

134 0.9

10

30

20

20

'0

NO

TEST

PRESSURE TEST

42.3

10.5

DEPTH ,."\\~UftE Q

TUFF:p/n"",""',,otely hard. fin. ,,,.,ned w,th a f", hard n.arly
aphanlt,c p,nk "and•• hlghly frac:tu"ed;.oderately .oft to 1II0d
.rat.'y h."d: 6.1-1.4·.oderate/y .oft.b"own.hi,hly ..eat:.e;_.:~~

W· TUf'JEEOO$ $ liS$JSif:da,*bro..n,-od.rah/y soft.caarse~r\ gr.,,,.tt,poorly ,nduroted .. ,th distinCI loyer,ng (alter- 40.2

I ,1,,4'1~-'7't-->. ~:;~:trc::;::;/~;n:~n:r~~~~~.:::~::e~;p~~n~,:~;ys~~~:~~;:d f-..:..::.c::....-i----t--ic-----l

01 0.02 K~ _.rk .r.." to g"oy,ltOderofely ,oft, f,ne gra,ne!1.
"oorly j,..r.t.d .. ith l.yeffn9 (olterno',ng coorser/f,ner

07 0 I trro,nod ....tI.) .,,,plng JO~.oderately to .',ghtly fractured

I.Q 0 I '.

,-~3"-1.,,,5,---,--__-,-_-,---, J/. 'I
IOO""".c.... ry F.brua"y IJ81
Ori lI.d Ir .. 0.0 to 1.5',,"h Oilier. Dr; lied fro", I .S-JI.S· for H r "zed core
IOO"dri I I •• t." r.turn 0.0-3/.5'.

SAFETY PAYS FOUNDATION REPORT PLATE ZZ



VALUE ENGINEERING PAYS

DIKE NO.2 LINE 6 DIKE NO.2 LINE 7 DIKE NO.2 LINE 8

1490 -

1474 -

ApprOlllmOf"

.....- Ground Sur/au _-----

__ ---------~____:~(:-:::-:::-:--=:-::--=:-:::-:-: - -lIsa fpI -5300 tp,
1400/"1_-

1476

Approx"mote
L Ground Surface

1230 Ips
1300'9'

Approximate

\ 483 - 1c.l~:,:=__----- LL~G~,::o:"n:d~S~":"~oc~,~

77001'" 5000 tPI --------~E--
-~2~O 'PI

1460 -

1440 -

1460 -

1440 -

5400 'ps

H,500 ""
(9775 Ipi OYI I

6000 fps

8500h15

1460 -
8600 fpI

10,000 tps alii

1440 -

6200 'PI

12,OOOlpi

12,000 fpI

(/0,000011" J

150
15

135
30

120
45

105
60

90
75

75
90

60
105

45
120

30
135

15
150

SPI
165

10

30

20

105
60

90
75

75
90

60
105

10

20

30

135
30

120
45

105
60

90
75

75
90

20

10

30

SPILLWAY LINE 9

1530 - SPILLWAY LINE 10

100 SP2
(SHOT PQINT2)

11000 fPI\900 00,,11

'--"0.8'_10IPth 10 .. cand
nlraclo')

'C (Sllt'OCt of fint r,froclor)

ApprOXimate
C Ground Sur/OCI

40 60 80

(DISTANCE IN FEET)

~ ••condr.froc'orl

(9000 , PI oV"091'
80001p. 10,000 tp.

3000 tp. (Seismic ..... acilt ,n ltel per ucond I

1300 tpl

TYPICAL TIME-DISTANCE CURVE AND PROFILE

/0,000 fpI (9000 ove'

SPI 20
I SHOT POtNT r I

1520-
~

'"'"~
:;:
z 1500-0
;:..
~
'" 1480-

~ 40

z

~
j 20

i

'":l'
~

8000 hs

.4001pl

ApprOXimateL Ground $ur!ou
1400 fpI

_ ~50~'?__ ?_?-?

8700 Ipi

15

10

1505 -

1516 -

1510 -

165
SP2

150
15

9200 tOI

135
30

120
45

7900 tp.

7800 fp.

105
60

75 90
90 SP3 75

60
105

45
120

30
135

15
150

SPI
165

10

20

30

1500 -

ApproxlfTlofeL Grouno Surfoce ___

1516 - -==~2~6~O~O~I'~.=======~2~6~OO~I'~.==:::I271!O~OiJl:e:,.~====:J2~.~OO~I';'=
7800 'pi 9000 'PI

-1----'-- - -,- - - -?......
.' '"II,SOO Ip. 11,500 Ipi '\

DATUM IS MEAN SEA LEVEL

NOTES; PLATE 4

I. SEE~ FOR APPROXIMATE LOCATIONS OF SEISMIC SURVEY LINES.

2. SHOT POINT hlJMBEP I I SP I J FOR AN·" LINE IS AT lliE SOOlliE!lLY END
AND SHOT POINT tUlBER 2 ISP2} IS AT THE IOlTHERLY ENO.

3. REFRACTIVE SEISMIC SUi<VEYS ACCtM'LISHlO OCTOBER 1979 BY LOS
ANGELES OISnnCT PERSONNEL WIlli A 12 CHANNEL GEO!£TRICS
SEISI«lGRAPIl

INTERPRETATIlll OF DATA fR()!oI TH£ REFRACTIVE SEISMIC SURVEYS
WAS OONE BY LOS ANGELES DiSTRICT PERSONNEL

RLT

"'WNI't',1·'jC 8.

REVISIONS

U. S. MMY fHGlNffl: DtSTlICT
lOS ANGEllS

c:oaP'S OF ENGlNffl.S

GILA RIVER BASIN
PHOENIX. ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NEW RIVER DAM
SPILLWAY AND DIKE NO.2

REFRACTIVE SEISMIC SURVEYS
TIME-DISTANCE CURVES AND PROFILES

SAFETY PAYS FOUNDATION REPORT

Sf'fC. MO. EM.CW09· _'!~_ .. 991§

Of5l1ltCT ",-E 1«). 241/248

PLATE 23



\

/

\,

,,I

\
\

"-
,.j
\

/

I

J

SfO. 10+00

\

0001

otS'Tl'lCT FILE 1iKl· 241/238

I

u. s. ~MY ENG~E" otSTJICT
lOS ANGElES

CQitPS OF ENGtNEEf:S

NEW RIVER DAM
DIKE NO.1

GEOLOGY AND PLAN
OF EXPLORATION

f
--"'--~

MATCH LINE "A"

;)ATUM IS MEAN SEA LEvEL

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER)

I
I

I
I
I

", o:.~ :=-",CO CO,,-~,'J..~/r- _
: I 7/
I \ /I
I ( II

I ./ /I

1;//
f It

I II
II
/I
/I
Ii
/I

1/
II
II
II
II

!I
II
II
II
/I

1/
1/
Ii •
Ii
II
II
I
II
II
II
II
II
Ii
II

1/
II
It

f'I....."1- A.
.~.v.

R/./

N.I,005,600

N I oo~.ooo

I
I
I
I
I
I
I 0001
I
I

N'PO't
-D

I

k
I
I \
I

N

TEST HOLE AND NUMBER.
INCLUDING YEAR DRILLED.

TEST TRENCH ANO NUMBER.
INCLUDING VEAR EXCAVATED.

SEISMIC SURVEY LINE AND
NUMBER.

TT 80-90-
TH80-31

•

o
~.
N
o..
W

00 I

U'
00 I

NOTES:

\ SEE ~hl'l;' S FOR THE GEOLOGIC MAP AND DIAMOND DRILL HOLE PLAN Of
EXPLORo\TION FOR THE DAM EMBANKMENT SPILLWAY OUTLET WORKS,

AND DIKE NO 2
_ PLATE 25

2 SfE~ FOR LOGS OF TEST TRENCHE.S AND TEST HOLES.

3. SEE .......... FOR GEOLOGY LEGEND. PLATE 2

•. SEE~ FOR THE TalllE-DISTA.NCE CURVES AN:) SEISMIC

PROFILE J-J. PLATE 26

5 TEST HOLES IERE DRillED USING A BUCKET TYPE POIER AUGER THE BUCKET
DIAMETER WAS 18, 24. OR 36 INCHES.

6. TEST TRENCHES 'ERE EXCAVATED 11TH A BACKHOE OR DOZER.

I

DIKE PLAN
SCALE: I IN.; 200FT.

° j~O ~ ~oo

4 FT. CONTOUR INTERVAL

''0

y
\\

c c '---=-...
~

0001

.j..

t oa I
R' ~\ ~.

" !
\

\ ,
TT11- 04 \-- .,

\

'\0001

f,TH 11-10

TH 80-37

./.;",
I

0001

o
~

'"'51 So.

,J;~,~~"

N.I,002,400

N 1,003,200

!" l.LQQ~j 800 .

N 1,004,000

II
II

II
II
II

II
II

II
Il

II
II

N 1,001,600 II
II

II
II

II
1/

1/
II

II
II

II
II

11\\
I ,\,

I N 1,0Qf,eoo
~

0~
I; ~

I; ~

;j '"
~/; <:>

Ii ~ ~~
I; ~""r---+__~

u.s. .-v D«iINEER ~CT

•

FOUNDATION REPORT PLATE 24



VALUE ENGINEERING PAYS

TH80-37 TT 80-87 TT 80-88 TT 80-89

ELEV.1470'! tolC PI -4 -200 N

C T 32 1~ 99 S3~Dr CLAY,.J..!...fbt brown. _Ol.t, 100••
Eo' ,,2....0·.L.I,c'..L....1.,,"-'.=I.",',;,OO=83=H::L-"=c........"',,"',..--""-..-,dCC'=II "''''cu'-'-".......-'-,-''-'-''''••'-'''''.'--''.-'-,-''F:<"~·.,-,-c.",;",,,,c',,.,,.

ElEV.1462!. MC lL PI - 4 -200 NE.e Icll INSI I H SAND't' CLAY, Irght brown, mOIst, loose, sOlfle
;r. 2.0'1' ~I I' ~I H calIche at I to 1.5', very hard drlllrng at

\2' .

loost!, 9"

ELEV. 1456~ Me LL PI -4 -zoo to

bf r- ,Iell INsl I '--'=:-SANDY CLAY, 1.'9MI bra.n. _Olst,L- 2.0 . .... ~/ens of collch••,---,-'S",%,-""""b",b..'.,,,~. _

ELEV.1453! we PI -4..eoO N

C ~ SANCJII CLAY, brown, calIche.
EJ(f CL 34 15 97 i3_-

~J'.':0-j·----J----JI--+--+-+-+-+~_=_==,,___~--~------
- SILTY GRAVELLY SAND. I '!lh' b,(Wn. , •••nt.d,

37 12 65 19 == 9" It:ns of cn/.che, /5" cobb/u.

9,0'

S.f-t--t-+-+--l::::::J--::c-=
- CLAYEY SILTY SAND, ce.ented, 3" lens of== co 'lChe, 20% cobbles

SILTY SAHD; lOOH, .oist, j,ghl
brOtl'n collche nodul.,.

TT 80-90

EL.1479' I; II PI -. -ZOO N
E.t--e= 1.0 SM NPI 46

!l SANC1t' GRAVEL/CLAYEY SANDY GRAVEL. brown.
==~ted• .l~ cobbles, Ie»; boulders to 12".

7 == SANC1t' GRAVfLlSI LTY SANllY GRAVEL-- -

NP 32

NP 58

31 532

NS

371321

GW

'=
SP ~f-+-+--+-+-'"
S. -

=
2~5~.0'J·..-ILLL.L.L.l-=1.....:::DR:.:'.:"":.:'.::N:.G..:'~':'::.::.:.:.d:...2by nest of boulders ot 25'.

== SAHC1t' GRAVfL.

'-
"".",.0'1'---1l-l-t

N
-
P
+,-.+-.-{==:J-,-;--;;--y. c •••n t .d. co I i en e. «J'% cobb I es , f 0%

",'8""0-j'----J1--1--4----+-+--I:::::I--"-''''d.'''..'.1'L.'2·:..,·. . _
SAHC1t' GRAVfllSJL TY SANDY GRAVfL.

.!QQ. GP
~
GW

f;J.O' Gtol

TH 71-9 TH 71-10 T H 71 - II T H 71 - 12

9.5

SILTY MM:LLr SMii j 'M, ul id..
C_'.tl~, Hc••j~1 ..... 1••
_ti I.;.r. to IJ ,
,,'r ly 4iffiC-41lf 1.4ril/.

sc

6.0

E.lf--Ca~ Cl 8 301393 7 ~""\ {~aMi ten, ni,e'" e...,.'.·

)() 12 72 3-4i.o GltA'£LLY CLA'£l" SMD' f ... , c_Udle
~ c",,,'.I,.,,, 4/""wl, t. 4ri".

3 33 10 157 18 ... CLfJ"IY QtArULY ~. -- --
SILTY GRAVELLY SAHOi 'on, col rehe
c••entotlon. occ•• ,onol cobble. b,lo-o
4', dlffrcult drillIng be/Off ".

N ~2 JO ~S"'N~:cGo~~~~~~ S~Lo::/Se~~D~i ~~~~uEh ~ d~~i lIng

due to collche C".,,'O"lIn.

NP 61 17~
'=

B 30 12 7J 41 f-- IIdVITCY CLAYEY SAND; tonlco/lche
ce••nlotlon.

Ie II II -.·200

6 NP5615~
SMHf-t--+--t-~:::;()j

6-4 13 §Q!
=100

EL.I-462 ,

Ed-L.!oQ.. SC

S/w(}( GRAV£L/S IL1Y SMWY GRAVfL; , on.
occaSIonal cobbles, extrelllely dlff,cult to
dr", due to collche ce_ntat,ort.

SILTY GRAVELLY SMlDj tonloccoslonol cobbles,
eKtrelflely dIffIcult to dr"1 due to calIche
celflentot Ion.

SILTY GRAVELLY SANDj ton, cemenhd,
colIc he , difflcull 10 drill.

SAH(]( GRAVEL/SILTY SJIIUN GRAVELj ton,
oCCaSIonal cobbles, eKtrtl,"ely dlff,culf
to drill due to calIche celflentotlon.

GRAVELLY S!IH{]( SILT/GRAJlELLY SJ!N[}( CLAY)
ton, cal.ehe ' ....entot'on. drffu:ult to
dr, II,

NP59 " ~

=
NP 63 " 60+

NP51 12~
<;;;

•

SM 4
/33

W
/4.5 00 2

~
GP •

10J GM

ELI'''''' I' I -•. ,., I
Elf -C !..L-CL 7 24 680 52r---

t:....=. 3 35 6 66 20~

SM f-t--+-+-+--j6<~>'i
NP60 16 ~

6"

EL,,"~7~2~':J.tertl~lJI~lj.~.j-lOll~~I:r-S;u;:--s;;;;~iAvfL/;ci:miYSAOiiYGR.iVfic;-E.f -e .1 P 7 22 6 2 30-- SILTY SJIIIOY GRAVEL/ CLAYEY SlIIHf1Y GRAVfL I== \ 'on 4df;cw/t '0 ~rjll due '0 co/idt.
NP 7-417 _ c...",otron, oeco$/(,"ol cobbl.,.

~M I--+-+--+--I--I;liiiil '-S:':'=L:':TY=GR:':/W'::E:':l-l:':y:':s=..:'o=;='.-o-'-,.:':,-'-,-,...-:-,y---
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VALUE ENGINEERING PAYS
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SEE~ FOR TYPICAL TIIolE-OISTANCE CURVE AND PROFilE.
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lAS DONE BY AR I ZONA TES TI NG LABORATOR I ES

PlATE 24

PlATE 23

1450

1430

1470

N~TH END
29

/

8800'p.

700t". 0 o·

""/ --
5300'01

15600 fpI

- - -

5200 to.

- - -
4700'01

~oo.!.'. __

4500 'pi5100"1

,4---j
1250"1

32ootp.

SOUTH [NO

~.. _ ,J~oo~

\ '

15,OOOfJ' '

\

1470

~

w
w

~ 1450

z

"~~
'j 1430
w

6100t,. 1000t,.
9000'"

REVISIONS
! I !

SAFETY

~ Stlsmicsurvtyllnt poroHtl or ntorly porolltl10 section

- _ ':.... 0 Shallow ulsmlC YelOe,ly boundory, dolled where Inferred or
... Interpolated

1700 fps Avtro;t Ittlm,c vtlocily (fttl per stcond)

PLATE 26

u. S. MMY OHGNR DlSl1tlCT
LOS AHGRfS

CDltPS Of ......_S

GILA RIVER BASIN
~HOENIX. A.RIZONA AND VICINITY (INCLUDING NEw RiVER)'

NEW RIVER twIl
DIKE No.1

REFRACT IV E SEISMIC SURVEYS
TIME-DISTANCE CURVES AND PROFILE

RL T

a.<>IO IV.

FOUNDATION REPORT

1410
55+0050+0045+00

PAYS

30+00 35+00 40+00

APPROXIMATE VELOCITY PROFILE

NEAR <t. DIKE No.1
HORIZ SCALE I IN : 200 FT

200 a 200 400

t FttRt'Sht:E lIN: 20 FT
20 a 20 410

j E3 E3

1
25+0020+00

141 OL ~L!''''OO''''''O-.!ll.-----,...L~------___"c'--~-
STA.O+OO 5+00 10+00 15+00



VALUE ENGINEERING PAYS

DIKE NO.2 DIKE NO.2

~ --=.;D0-9
...... " ,00< Tn

VERT. SCALE: liN.: 10 FT.
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"",t_,to,,,.d. 11.8 to /4.2'. Joi,,1s dIp 30·'0 50
and ".or .... rticol.,li,htly ;0 .od,rot.ly Hoth.r.d
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£L£V 1484.7'
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NOTES

SEE~ FOR THE GEOLOGIC MAP AND DIAMOND DRILL HOLE
PLAN OF EXPLORATION.

2 SEE~ FOR LOCATION OF DIKE ~ 2 PROFiLE
3. SEE~ FOR LEGEND

If SEE 'I~S 2 'tIP 11 FOR AOOITIONAL LEGENDS

5. DIAMOND DRILL f()LE ELEVATIONS ARE SURVEYED

6. ALL SOIL CLASSIFiCATIONS SHOWN ON THIS SHEET ARE VISUAL.
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movemen t.

approximate~queried where uncertain.
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A:,vNTRUSIVE ROCK: includes pods, enses and dikes OT a med urn-gray to black
to reddish-black aphanitfc granitic rock; moderate y soft to hardtvariably
weathefed r locally brecciated and rehea!ed with c ay gouge.

PRECAM BRiAN:

GRANITE: tight-gray to reddish-brown,medium to coarse grained,moderateiy
hard to hard,typically highly fractured and blocky~s!ight y to moderate y
weathered; local y sheared and altered~

Iy blocky? ocally brecciated and rehealed; upper paft of flow is light
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TERTIARY:
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coarse ash and lapi Iii size fragments of glass w volcanic rock and pumice

in an ash matrix.
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VOLCANIC ASH-FALL TUFF:
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0001
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VOLCANiC ASH-FALL TUFF: light purple,moderate!y hard to hard,genera!!y
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medium grained ash consisting mostly of pumice and giass fragments~
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sheared a a e

60 60

St r j ke and dip
JClf1t set.

Stri of verti

ill degrees) of joint Of

oint or oint set.

s h
br
hi
U j

pi

, 1
i 1

shattered
nrece ia ted f breccia
blocky
p !at y

indistinct Joints

G

nd st net

rust stained
slickensides

decomposed g an te

rna ss ve

cc ca cium carbonate
cg clay gouge

r s
ss

shrs shears

in degrees) of ayering.

Strike and dip ( :n degrees) of dike.

Srike and (] p

40
to hard~typica Iy highly fractured~variab y weathered; local y sheared and
DIORITE: medium to whi tfsh-gray~medium to coarse grained,moderateiy soft

altereD.

d

w8atlle eu"
tt eo g e~! to D nk S fed moderate Y SOT

v hard,mode
GG LOMERA TE:

VOLCANIC ASH-FALL WE~DEO TUFF: I ight purple to purpl ish-red,hard,
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~;ea,angu 8; ¥O canic fragments in a vasicu 3f;g assy matI Xa
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matrix; some secondary mineralization.
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red-b own
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GENERAL NOTES
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to mottled purple-maroon-graY,sl i y to moderately weather
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Tvfb

4 Rock
. ... ..

c aSSIT!Catlons shown on geologic LEGEND AND GENERAL NOTES
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NOTES:
I. SEE PLATE 28 FOR LEGEND AND

GENERAL NOTES.

2. SEE PLATE 33 FOR ADDITIONAL
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NOTES:

/. SEE PLATE 28 FOR LEGEND
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2. SEE PLATE 33 FOR ADDI TIONAL
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NEW RIVER DAM

CORE TRENCH
FOUNDATION GEOLOGY
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I. SEE PLATE 28 FOR LEGEND
AND GENERAL NOTES.

2. SEE PLATE 33 FOR ADDITIONAL
LEGEND.

NOTES'
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NOTES:
I. SEE PLATE 28 FOR LEGEND

AND GENERAL NOTES.

2. SEE PLATE 33 FOR ADDITIONAL

LEGEND.
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VALUE ENGINEERING PAYS
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"'oj
<D

b: _ GROuTING OF ZONE DEFERRED BECAUSE OF LOW CALCULATED PERMEABILITY
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+Vl
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'" ~I~
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+
0 ~~'" "Vl
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1340

1330
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1310

1300

1290

1280

I

a.
o
o
+

Vl

'"+

a.

2
+'""'+

31+00

~
+

31+50

APPROXIMATE FINAL EXCAVATEO SURFACE

32+00
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1360

1350

1340

1330

>-
w
::'

"
1320

Z
0
i=

'" 1310>
w
..J
W

....
N a.
+ 1300

':: Vl

~
1290

1280

I
STA. 31+00 30+50

1280-'------+---f----+-----,----f----+------+---f---.------+---f----+----<o----,-----+-----+-------7

1290

1300

32+50

a.
....

WEST

1480

1470

144

1430

1420

1410

;:
w
w
u. 1400

"Z
0

i= 1390'">W
..J
w

1380

1370

1360

1350

1340

1330

1320

1310
STA.33+30 33+00

GROUT CURTAIN PROFILE

10 0 10
SCALE A H H H A

CORE (ZONE)

20 30
~fEET

SAFETY

NOTES
I. ALL GRouT HOLES wERE PERCUSSION DRILLED USING AN INGERSQU-RAND AIR TRACK DRill wITH A

2 112 INCH PLUG BIT.
2. All EXPLORATORY GROUT HOLES WERE ROTARY DRILLED USING A LONGYEAR 24 SKID RIG WITH AN NW-SIZE

SPLIT-TUBE CORE BARREL.
3. CORE HOLES 00-22 AND 00-23 WERE DRILLED DURING THE DESIGN PHASE PRIOR TO DAM CONSTRUCTION.
4 DETAILED PROFILES DEPICT AREAS OF SIGNIFICANT GROUT TAKE.
5. SEE TABLE 8 FOR COMPLETE GROUT HOLE INFORMATION, INCLUDING EXACT HOLE LOCATIONS,WATER

PRESSURE TEST DATA,GROUTING PRESSURES AND MIX RATIOS.
6. SEE PLATES 29 THROuGH 33 FOA GROuT HOLE PLAN.
7 HEAVY LINES REFLECT ZONES WHERE GROUT TAKES EXCEEDED 75 SACKS PER ZONE AND SPLIT

SPACING REOUIRED.
e. STAGE GROUTING FOR EXPLORATORY GROUT HOLES WAS PERFORMED WHENEVER 100 PERCENT LOSS OF

DRILL WATER CIRCULATION OCQ.RRED. IT WAS ASSUMED THAT THE MAJORITY OF GROUT INJECTED IN A
STAGE OCCuRRED ATOR NEAR THIS POINT. THEREFORE,THE GROUT TAKE IS SHOWN IN A SMALL
LOCALIZED INTERVAL.

9. FOR PERCUSSION DRILLED GROUT HOLES, GROUT TAKES WERE ASSUMED TO BE EvENLY DiSTRIBUTED
WITHIN EACH ZONE

10. SEE FIGURES 3 THRU 7 FOR GEOLOGIC LOGS OF EXPLORATOOY GROUT tCORE I HOLES.

PAYS

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NEW RIVER DAM

FOUNDATION GROUTING PROFILE
STA.33+27 TO STA.29+64

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT
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VALUE ENGINEERING PAYS
WEST Cl.
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N
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.... 1360
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w
w
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Z

;- 1350
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9....
«
>
w

1340
1340
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w
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I
(J ......
« ....
~ en

1310 i i 1310

STA. 21+00 20+50 20+00 19+50 19+00 18+50 18+20 18+00

WEST

1390

1380

....
w 1370w
"-

'=
z
~ 1360
....
«
>
w
-'

1350w

1340

1330

1320
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......
en

w
Z
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I
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Cl.

9
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o
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o
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9
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1380

1370

1340

w
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:::; 0

+
I '" 1330
(J.... ..« ....
~ en

1320
15+00

14+00

NEW RIVER DAM

U.s. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

SEE PLATE Jq FOR NOTES AND LEGEND

FOUNDATION GROUTING PROFILE
STA.21+06 TO STA 12+55

GILA RIVER BASIN

PHOENIX. ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NOTE·

GROUT CURTAIN PROFILE (tCORE ZONE)

SCALE 1i§&:EH3JHB:EHDHdO======'!C0===~20,====~30FEET

13+00

SEE DETAIL A

13+50

0.5

Cl.Cl.Cl.
Cl.
o
~
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~<l OUTLET WORKS

I

I
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z
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STA, 15+00

SAFETY PAYS FOU N DATI ON REPORT PLATE 35



-----------------------------------------~---------------- -- -- --- -- - --------- --------------- --- ----------------------------------------------------------------------

SEE PLATE 34 FOR NOTES AND LEGEND.

FOUNDATION GROUTING PROFILE
STA. 12T55 TO STA. 10+00

NEW RIVER DAM

GILA RIVER BASIN

PHOENIX. ARIZONA AND VICINITY (INCLUDING NEW RIVER)

EAST

1490

Q. 0

+
1480

'::>

1470

1460

1450

1440

1430

1390

10+50

1350

1370

1380

1390

\
1360

\

EAST

1395

11+00

1360

1370

,----,---,-----.----,-----,---,-----'-1380

Q.

o
+

PAYS
Q.

o....
+
~

12+70

o
"'+

Vl

'"
'1=
N

12+80

ENGINEERING

12+90

VALUE

"FEET

13+00

10

11+5012+00

13+1013+20

, 0
SCALEsHHHH

APPROXIMATE FINAL EXCAVATED SURFACE

DETAIL A
GROUT HOLE 13+ 60 TO GROUT HOLE 12 +70

13+30

"''"+
N

13+40

-'----,----,----,-----,---,-----,----,----,----,----,-----,----,-----,----,-----,---+1350

WEST
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1440
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.... 1410

"'"'"-

'" 1400
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w
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'" 1370

z
0
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">W
..J
w

1360

GROUT CURTAIN PROFILE (<l CORE ZONE)

'0 0
SCALE H H HA H

20

U.S. ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

SAFETY PAYS FOUNDATION REPORT PLATE 36
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19+50

o
v
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GILA RIVER BASiN

PHOEN IX AZ. AND V ICINITY (INCL. NEW RIVER)

!r- STA. 20+99.27
! BEGIN INTAKE STRUCTURE

SCALE: I IN. = 10 FT.

10 0 10
HHAHHI I

20
I

SEE PLATE 28 FOR LEGEND AND
GENERAL NOTES.

NEW RIVER DAM

OUTLET WORKS
FOUNDATION GEOLOGY

STA.20+99 TO STA.19+40

U. S. ARMY ENGINEER DISTRiCT
LOS ANGELES CORPS OF ENGINEERS

FOUN OAT! ON REPORT PLATE 37
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NEW RIVER DAM

OUTLET WORKS

FOU NDATION GEOLOGY

STA. 19+40 TO STA. 16+20

AND GENERAL NOTES.

SEE PLATE 28 FOR LEGEND

U. S. ARMY ENGINEER DISTRICT
LOS ANGELES CORPS OF ENGI NEERS

GILA RIVER BASIN

PHOENIX, AZ. AND VICINITY (lNCL. NEW RIVER)
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GILA RIVER BASIN

PHOENIX, AZ AND VICINITY (INCL. NEW RIVER)

SCALE: I IN. = 10 FT.
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HRRHRI
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NEW RIVER DAM
OUTLET WORKS

FOUNDATION GEOLOGY

STA. 16+20 TO STA. 14+91

U. S. ARMY ENGINEER DISTRICT

PLATE 39

LOS ANGELES CORPS OF ENGINEERS

FOUNDATION REPORT
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NOTES;
I. SEE PLATE 28 FOR LEGEND AND GENERAL

NOTES.
2. THE GEOLOGY EXPOSED ON THE SOUTH (LEFT)

SIDE OF THE SPILLWAY EXCAVATION is
ESSEf'HI ALLY THE SAME AS THAT ON THE
NORTH SiDE.
ALLUVIUM (QOAL) IS GENER ALLY NOT
DESIGNATED WHERE THE THICKNESS IS LESS
THAN ONE FOOT.

GiLA RIVER BASIN

PHOENiX AZ. ANDVICINiTY (INCL.NEW RiVER)

NEW R!VER DAM

SPILLWAY

GEOLOGY OF NORTH (RIGHT) WALL

STA.IS+50 TO STA.16+90

U. S. A RMY ENGINEER DISTRICT
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81+50 81+00 80+50 80+00
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I-

SEE PLATE 28 FOR LEGEND AND

GilA RiVER BASIN

PHOENIX AZ. AND ViCiN ITY (INCL. NEW RiVER)

2C
1

10

GENERAL NOTES ~

SCALE: I iN. = 10 FT.
10 0
HHHHHI

Q 00. \hf, joints. lit" - 2." wide
wi1h c.o.itche infil\'inq

,.
,,\o()'(' c....... .....-
?~ ...--

.....- 50

50 --;;;>......-=

ro c. k
t ~

c.Ohereht

block

w
Z

...J

NEW RIVER DAM
DIKE NO.1

FOUNDATION GEOLOGY

STA.8!+81 TO STA.78+50

U.S. ARMY ENGINEER DISTRiCT
lOS ANGELES CORPS OF ENGINEERS

FOUNDATION REPORT PLATE 44



VALUE ENGINEERING PAYS

u. S. AJl.MY ENGINEER DISnlCT
lOS ANGelES

CORPS OF ENGINEERS

0 lubrIcated plug volve

[I] Plug voille

I1J DlOphrogm QCIQe protector

0 Pressure qOQe

[II Hand coupling

0 Host ()(lople,

0 Grout pIpe

[!] ()OphlOgm Ol&edtH volve

NEW RIVER DAM

DAM EMBANKMENT FOUNDATION

GROUTING PROFILE AND DETAILS

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (lNCltJ)lNG t£w RIVER)

Allul/lI.m

Groul holes, depltlS ore In feel

Dlomond dnll hole ond ,.,..mber from
.LJeOIoglC e~plorohans, deplh IS ,n leel

DATUM IS MEAN SEA LEvEL

OfSOtfTlONS

REVISIONS

LEGEND

I
I
I
I
I
1 10"

GROUTING HEADER
NOT 10 SCALE

00-15
(Proll

75

IlrreAJI~1I a.d,ock

RLT

Ot!Cl.fO av.

1440

1420
Calk

Grout

'400

"80

1360

1340

1320

1300

,280

14

1480

1500

1520

E

SEE FIGURE 8

50
50

50

VERT SCALE I IN E 20 FT
10 0 ~ ro ~ ~ ~

AHA ~ ............. I

50 76.9'

NOTE BEDROCK EXPOSED ON
LEFT ABUTMENT

75 75 75

LEFT ABUTMENT

'0

I
I
I
I
I
I
I
I
I
I
174.5'

7575 75

75
7575

FOR AS-BUILT DAM FOUNOATION GROUTING PROFILE-

TYPICAL GROUTING PLAN

L- ----' 20

1240

'-----'2"'+.=00::---::270+'=00::-----,,79+.=oo::--7Ie+,700::--::,7:"".::OO::--::'6-+.-=00::--::15c'.-=00:::--::'4:-'.-=OO::---=,,=."':00=---='2=.>-:OO::----:'-=,+.=00:-----:,:::0+.:::00:--:::9-'..~60

EL. 1482 TOP OF CORE

EL. 1488 TOP OF DAM EMBANKMENT

~a;
~

'" o~g ~ ffi
3 ~ ~

~ ~ ? i=

;gOO-16 ~~
- 0 {PrOll'\ r ~

ApprOlr.lmOle 00-14 ~ ~DO-34 '\. \' w
LIMIT Of EXCAVATION, rOONDATION 00-15 lap of bedrock \Pf'Oj) (Proll _

r~~~OO~-~'7~A~ ",;~:;:~~;:~~("~0~1~)~\__~:;~;:;~j~~~~~~::::::::-TItPrn,1 _---
I l
I \
I \
I \

34.e,l \

1220 1220 20
26" 00 25 ·00 24·00 23 TOO 22' 00 ZONE

PROFILE <!i. CORE ZONE) ~ 0

~ 10
VERT SCALE I IN : 20 FT ~

HORIZ SCALE I IN : 100 FT al
$YMKlI.

1240

ApprOll,lmote

lOP of bedrock

~r.c,----!E"'L~.E""~,-,70"'I;O':-65::-.~0------;r--:-=====--",-;===,----->....+---,E"'X"-C...AV,,,AC!T',,ON. CORE TRENCH 11.2'

I
I
I
I
I
I ~
I
175.3,

I. lllE FINAL LOCATI<WS, INClINAT100S AND DEPlllS Of GRClJT IiOl.ES
WILL BE Offilf-ltNEO BY CONDITI()~S IN lHE FIELD.

2. SPliT SPACED GRlIT to.ES WILL BE DRILLED AND GlDJTEO AS
DETEfHINEO IN lllE FIELD.

3. All QDJT HOLES SHALL BE MINI""'" EX SIZE.

5. LOCATlCWS OF EXPLORAlOR'I' GDJT HOlES WILL BE 0ETEIf.11NED WRING
GlDJTING CPERATIOOS.

6. lllE MAXIM..M AHG..E Of A GROJT Ha..E SHALL BE 145".

7. OOLY TYPICAL PRIMARY GFUJT t()lE SECTI~S ARE StfC1JlW. GROOTING
WilL BE ~E ALOOG ALL SECTIOOS OF lllE CORE ZOOE ..."ERE BEDROCK
IS EXPOSED WRING EXCAVATI~.

8. GRWT HOlE DEPTHS SHALl BE 25 FEET BE'TWEEN ElEV. t1l82 AHD 11I1K),
50 FEET BETWEEN ElIV. lijlK) AND Iij()() AHD ALTERNATING 50 AND 75
FEET BELOW ELEV. HlOO.

enl! HOWR 9'61185 m"lscrm Q'RE£DX m CRlIT RIB'

~I ETnUII£ 19 19 'I'D 19 JO
o sarl'CT SIilQR'I'$ Mill cr WS ' as mE mns WilliE alia n

NJTES:

10. SlOE __ MlR -OUTLET WORKS CROSS SECn Ql(S. PLATE 62

II. SEE Plms 5 E ...0 12 R)R LOGS OF DIM4)IO (JUU ID..ES F1Dt PLATES 6,10 AND 17
EBl.OGIC EXPlORATltI4S.

12. EXPlORAlOR'I' GID..IT HOlES .9iALl B£ DRILLED FOR N 'II SIZED CORE.

1- APPROXIMATE LIMITSrlI -._OF FOUNOATlClV GROJTING
(S~~ nol~ 8 for del~rmlnohon of q-oul

hole deplh5)

12~ .'-:00=--::-34:-r,00::---:3::-3+-.=00:---::3::-2+'=00=-""-'=31-+'::00::-----,30=-'.-=00=--2=9=-'.-=00:::--=2.:"',"':OO=--::2=-7+-.00::::-----,

~

z
W i

'520 ., S
~ ~
N W

+ ~:::: a
.; 0

'500 t;; ~

00-45 (Pro])
'480

f RIGHT ABUTMENT
/
/

>460 /
/25

/
1440

/
/
f

804' J

'420

I-
W
W
"- 1400

""Z
0
t= '380
~
W
-'
W

'360

'~O

1320

75
7575

NOTE BEDROCK EXPOSED ON
'300 RIGHT ABUTMENT

'280

SCALE 1 IN : 10 FT
HORtZ SCALE· 1 IN • 100 FT

100 0 100 200
ARRHA

PlATE 45

SPEC. NO. OACW 09- -'3.~_ a· QQlq

DISTRICT FilE NO. 241/261

FOUNDATION REPORT

30

300

SCALE: I IN :: 10 Ft
o 10 ZO

H
'0
HS

PAYSSAFETY



U. S. AJ.MY ENGINEER D1S1lI:ICT
LOS ANGELES

CORPS OF ENGINEERS

D/STltICT FilE NO. 241/262

NEW RIVER DAM

REVISIONS

1500

1480

1460

1440

1420

1400

I~ao

1360

1340
10+00

DAM EMBANKMENT PLAN AND PROFILE

GILA RIVER BASIN
PHOENIX. ARIZONA AND VICINITY (INCLUDING NEW RiVER)

OUIGHfOIY,

7'4.(:

EL.lJ80.0

EL.1365.0

NOTE

SOURCE OF INFORMATION
----- CORPS OF EI>J6INE.ER5 TOPOGRAPIlY

FROM AERIAL F\.IOTOGFtAPHY FLOWIJ

AUG. 2&,1960(,...,5 NO.1); \>JOV. 19, 1980 (MS 30A)

/

200 FEET

----------

<t. PROFILE

HORIZ. scAlJOIiJaH3:EH::EH[]H~0====="0~0~==?2c;x}EET
20 0 20 40

VERT. SCALE E3 E3 E-3 E-3 I FEET

P LAN

SCALE '9g H H A A' "10

12a£+~0:::oc---,..--------.::".!::,.---:2;;;5~+:;;0;:;0---------L------__,;20~+b~80

APPROXIMATE TOP OF 8EDROCK--j

1320 ~--_--.:~~-----------+-------------#;'---lI320
\

1300 f------'\~...._------+_--------_;/'-------_j1300

I

t! ~
~~~

L ~~~C!;~L---------~~----------------_+------------------:---+-----------------t--------------~~~I-----l
1500 I<')~~ EL.1488.0 TOP or GAM EMBANKMENT AT (

~

l -U~~----_f~=A:P:P:R~O+/~M~A:T£~£~X/~S~":N~G~G:RO~~~"N~I1~U:N~£_A~T~~_I1~A:M~£~"'+A:N:"~"'~£~N~T----------+---++------==:s:=====-:==::-:==1=ct~::l2~::~~~~--------I-----11400

---

1480L-----r======-==----~_l_---------------_+-----------------+-----------------t-1~r---~A~P;;;P~R~OX;/~M~A~T£~T-;;OP;---~i/,7j------
~ .... OF BEDROCK

l------~~---------+i~+----------------_+-----------------+-----------------t-~Olttt_------"\<~~~;:::::7f--~-----l~ ~~1460 ~ ~

"'.-..lJ~~~~--~~--------~~-_t--------------+_------------~--i~f-----------------l--l<:>~'f·---I_;--- __~r----1------~ ~ ~~~40 ? t~

N ~ ~ ji~

~ ~ ~ ;~
1420 L-------J~-~-----~lI__-~~+_-------------_+--------------.:::t_----.:tt-----------------t-~~--i~t-;0:pL-----I-----l

APPROXIMATE TOP OF
SOUNO BEDROCK UNDER

l_C~O~R~£~AN~O~T~"A~N~S~/~TI~O=N==~~~~~---~'::!:~~::::"'--~::..::=-:=:.::::...::=-=.::::..::::~-i_:_:-;£X~C:A~VA~T~/O~N~,~FO~U~W~O~A~TI~ON~T~-t--++--IC__.::~2~~-~7~---=Mi:tt--~~~~~~~~~==:..:.::.::...:==t-----l1~80 ZONES PROJECTED BASE OF TR NSITION

l~~~~~~~!!!.~:~~~~~~~~~~~~~~£~L~.~/3~6~5.:.0~~~~;.~;~E£~"~CA;V.;'A~TI:ON~.C~O~"~£='=.£~M~C:H=~~==§~~~~==~~~:::::~:~:::~----::=::::~~-----1-----11360 EXCAVATION, CORE TRENi:-+ 64 APPROXIMATE FINAL EXCAVA ED SURFACE I
STARTING AT STA.~
EXCAVJ:. T£ (WITH 4H: IV SLOPE J

l__~"~O_':O:P~:OF~B:£O:R:O:C~"~ ~ +~:)~----------- ---+-----------------;-IL.-r----- ..------------,,;~)--------------,otoo------'
15+00

1340
35+00

Ii

J
I

~r·_

{



VALUE ENGINEERING PAYS

300 250 200 50 ":0

· 1490

· 1440

• 14 60

-13BO

1450

- 1430

-1390

-1400

- 1480

- 14 to

-1420

L.-----FOR CROWN DETAIL SEE 5HT.39

15 ...00
HQRIZ SCALE I IN : 20 FT
VERT SCALE t IN • 10 FT

STul"rE

7RANSITION-~--'

(

24." TYPE

18" TYPE 1 STONE
'iNT 'RG 7 6

';."_

PERVIOUS SHELL-----

'I - ,,~, E./Il

APPROXIMATE FINAL EXCAVATED SURFACE
VARIE:?~ 3'

:~_PPROX~/~G'!E.!:!NDLlN':::::l-
--. 77.WT --

£XC~V,(,TIOI. r-CUNO~TI)!\Y

APPRO>... Bli'DRQC .....

\o..J

BACKFILL ,rOE
13801....-.-

1390-
I

1

SEE RAMPt;ETAIL
sH'T3'J

,E,rOWIiTlON,OI/TLET WORKS
TO £L. 1318.0 SEE 5HT. 37

'410~. FOR LIMITS.

\ /'EI. 1398.0

1400 ~ -:l---- --

I'L
I

14~O ..-

1440-

1450 r-

1460-

1480 L
1

',90 1

'470L
I

250
._. J

200 150
I.

100

,
___ •..1.-_ .

50

___ .--1..-
a 50 100 150

_____ ...1-_
200

_I
250

___...J
300

U. S. ARMY ENGINEER D1STlI:ICT
lOS ANGelES

CORPS OF ENGINEEIilS

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUQING NEW RIVER)

NEW RIVER DAM

DATUM IS MEAN SEA LEVEL

J,JOT€. ~ VIEvJ o~ GRO""7?-'!oU....,..IO....~ ~
LOOK,It....l'r ,-OVoJA.«.P oe~~IN"r ";TA.""'OI-J'7

REVISIONS

RMK

- 1490

- 1450

J.40

- 1480

AP'PI<'OX. f!.1.1?T 6lE21<l:X-K..
BACKFILL TOE - '470

_-:::t:;-",.,Y.7~~ , -
I oveya.Je _ 1460

' .......... TRAf\IEI"Y QN

""-- eU-A.IAI'JOAJ l'eUTMeJJT

STA.IO+72

/
APPROXIMATE FINAL

EXCAVATED SURFACE

1: EA ·BAIJ~Mc.NT

~~McJ7£

,,/!3(!- "1-1'1'.;;4 , £1.1'66.0

E:1/4e7.2 ~ 30
1

_~_!i._-I £/./487.6
TURNAROUNO: 1/ r-
SEE SHT.41 :,J---FOR CROWN OETAIL

24" TY"'E I STCWF. SEE SliT. 39

18" TYPE I STONE
13 / / TypE IT Sp·,'· ... _

EL

1440-

1460'-

1490-

14 BO:--

SAFETY

HOR12 SCALE I IN • 20 FT
VERT SCALE j IN • K:l FT

SPEC. NO. DACW09- _'1~_ a.QQ~l?

DISTRICT filE NO. 241/263

DAM EMBANKMENT
CROSS SECTIONS

H.G.

FOUNDAT ION REPo'n

HQRl2 SCALE I IN .. 20 FT
1001020304050
AHA E=3 F=d

VERT SCALE I IN • 10 FT
10 0 10 20 30
HHRR

I
100

PAYS

50o50'00150



VALUE ENGINEERING PAYS

PLATE 48

U. S. ARMY ENGINEER DISTJtICT
lOS ANGElES

CORPS OF ENGINEERS

SPEC. NO. D"CW 09· _6.J_ 1- QQL&.

DISTRICT FIlE NO. 241/264

NEW RIVER DAM

REVISIONS

DAM EMBANKMENT
CROSS SECTION AND DETAILS

GILA RIVER BASIN
PHOENIX. ARIZONA AND VICINITY {INCLuDING NEW RIVER I

FOUNDATION REPORT

~ DAM EMBANKMEJoJT

I
20'

2"A.C.

~

"-.lOTE.' VIEW or: c.R~-""6'-TI0l..J I'?
LOOKI~" To.J.JARD ~),J~ $'tl!..~?,

G

/2"rYPEJI[ STONE

RAMP DETAILS
NOT TO SCALE

SYMIOl.

4"A99reqate
Bose Course

CROWN DETAIL
SCALE: J IN." 4 FT

250

I I 2'

4.'

Provide plo~tic layer beForeV
placement of grouted ~tone

UPSTREAM SLOPE OF DAM EMBANKMENT

DOWNSTREAM SLOPE OF DAM EMBANKMENT
NOT TO SCALE

lO

'0,

(;utfr~

(Sefl dettJ

ttt
'· h~recn~ A£.c..-eh? r.ood

~4~ (";>"'''' sh-f 68)

2% I I i
, __~_-, ":O~AT!.OU~M~'S..!M~Ee!A'."Nc..S~EO."A,-,L!o.!E~V~E!,.L----r--..,--~

200

61""?wteL. ~7cne

gu··H·e..- --.
"

SCALE I IN : 20 FT

"A A J '44" 'Lj9

SCALf I IN· ~ 10 FT.
10 0 10 20
YRRRA

150

In slope

/2" TYPE m STONE

Excavafion) Foundation

£11380.0

Appro><imate e){istinq
c::.Undline

-- -----------

SCAL£: I IN· :. 2 FT.
• 0 I Z ;, "
aRH F=3 E=3

'00

PERVIOUS SHELL

PAYS

50

TRAIJ51T/ON

for

ThJ~areo. may be revl5ed
to meet actual J'e(d c.onditions

~ DAM EMBANgMEIJT

20'

SAFETY

STA.IB+OO
HORIZ. SCALE· I IN. ~ 20 FT
VERT. SCALE· I IN : 10 FT.

IS'

137~.7

£/~

50

rSlope protection thicknc,_ and type
c.f~+on:_ vor/es

GLimif of excavation) abu/men!
dam embankment
Limit of 5trippinq for diKes

TRANSIT/ON

'00

'-. PERVIOUS SHELL

150

18" TYPE I STONE
fP"T,PEX Sf;at/[

EI. 14/01.7 BreoK In 510pe

2.4 "TYPE I STONE

EL. 1440'

GUTTER DETAILS
SCALE: liN.' 2FT

I N BEDROCK IN ALLUVillM..

200

Ey.covaflon) Foundation

EI.1380.0

5ee Detail hereon

",LOPE PROTE..; I/CJ),).
THIC-KIJE77 AIJO TYPE.
OF 710IJE V,6J<IE:,,:;

250

12" TYPE I STONE

/2 '1 T)<PE R fTStdE

~,,"\~~~--~=~~~===============~--===i===:1::=======7/l~.'~~~~~~=:;t:==~=£~BW--...J1=APPR=0=X='M=A=T=E=F='=NA=L=EX=C=A=VA=T=E=O=S=U~R=FA=C=E='======~A~p:p:rO)(:.~"",~,~;'7
bed~1<.

1490

1480

1470

1460

1450

1440

1430

1420

1410

'400

1390

1380 ,

1370

300



VALUE ENGINEERING PAYS
fDAM EMBANK/lENT

----

6RIlvEL DR4IN, SEE DETAIL ",<\", HEREON

I2'TYPE.Ill STONE

_ Appro"'na!, 'X/sl'ng ground/mel

71,W,w - - - ---

£xcovafioll, FOUfidOIloi

~/380·2__ __

/370.0 80S!. of T,(JTl;lfion

TRANSITION

15

I---PERVIOUS SHELL

CORE

TRAN5/TION--I----o<--"1

£L.1475·0

Z4'TYPE 1 STONE

PERVIOUS

SHELL-=----

£/... 1461.7 Break in Slope

18" TYPE I STONE

/'~
-- -.-- --- ----

h ExeDI/O/Ion foundolion

El 13800
- -- -- -- -- -- ----

1370

1360

1380

1490

1480

1470

1460

1450

1440

e 1430

1420

FILL.

1410

300 250 200 150 100 50 50 100 150 200 250

STA. 21+50
HORIZ. SCALE: I IN. : 20 Fl

VERT. SCALE: 'IN. : 10 FT.

"JOT€: VIEW OJ= ~-""'.e.<:-r.06.J t~ l-~"-l'r

ToWp,.RD ~e,.o.~Il.J4 ~TATr~-:',

PLATE 49

U. S. ARMY ENGINEER DlSTlUCT
lOS ANGelES

CORPS OF ENGINEERS

SPEC. NO. DACW09· _~}_ B.QQ!'t?

DISTRICT filE NO. 241/265
'83

REVISIONS
"""'1T1OHS

DATUM IS MEAN SEA LEVEl

DAM EMBANKMENT
CROSS SECTION AND DETAIL

GILA RIVER BASIN
PH OENIX. ARI ZONA AND VI C IN lTV (INa...UDI NG NEW RIVER)

NEW RIVER DAM

"Appro;.. ["';$1. Ground Line

R.M.K.
DlSlGHfO IY,

SYMtOl

FOUNDATION REPORT

stone

'vodes from 0' 0\ 5ta.2,.,0 fo
I'" 0-1 S+~ 23 '30.

DETAIL "B" GRAVEL DRAIN
STA.23+30 TO STA.31+00

SCALE: I IN '" 6 FT.

SCALE" liN . 6FT
5 0 5 '0 15
H H H

SCALE liN . \0 FT
'0 Kl 20 30
AHAAA

SCALE: I IN· 20 FT
'0 0 '0 20 '0 40 50
AHA E"""3

&5.0'

W'

PAYSSAFETY

MISCELLANEOUS
FILL

~f:J~vto~~~,,,,±

APPROX EXIST. 6ROUND UNto.

DETAIL "fi.': GRAVEL DRAIN

STA. 19+00 TO STA.23+30
SCALE" I IN. z 6 FT.

dam cmhClnkmcnl

_------.J\~~~------__1

Downsrrl'am face

2
~I



VALUE ENGINEERING PAYS

1490

1480

1470

1460

1450

12" TYPE J STON E

12"; ire Ji1'D l:
/ .- ~

C=I.14b!.7

'" €'k:AVATI~ A.9l,,1'T"~1
iI' /,VH2j

IZ''.,.yf7£.m ?TO/..J~

(bACK-FILL.

"

1440 ~/~

150 100 50 ..
STA.33+00

HQRIZ. SCALE: I IN. r 20 FT
VERT. SCALE: I IN ::: 10 FT.

50 100 150

--
350

DATUM IS MEAN SEA LEvEL

/JOT"t::: VUSW ~ ~."'Se£..-r.~~ ~1#-J4

lOINARD ~G!:EA~\t.J~ <!:oo"'f7l..TID "-I'5 .

300"13 1
'

~ Ramp. See Detail Sheet 39

BreaK in Slope

PERvIOU5 SHELL---~

:;r=imat, 9~,"h",

£/. 1380.0~L·~=s~=:::=d:I':2~~~~:::~~~~
JI Excavation,foundotian f----------""2--tY.....J.L..j

1.5 £/./370.0 B05e of Tron5if!onZe-ne

TRAIJ51TIOIJ

I

~5

CDRE

5

5

EI.!

~
APprDy.imate grDund line

~ ---- --- --- ---- --- ---
~El.1380~__ 1__ Excavation, found;;:::- _

12" TYPE I STONE

~£:L. /3'f8. 0 TOP OF MI:5C. FIll.
! SEE 5HT. 2 FOR LIMITS.

L--.:,m,"~ TOE

1420

1430

1440

1410

1450

1370

1360

1490

1480

1380

1460

1470

1390

REVISIONS

50 "- 50 100 150 200 250

STA.25+00

HOAIZ SCALE I IN ~ 20 FT.
VERT SCALE I IN. 10 FT

SCALE. liN.' 10 FT

'0 '0 20 '"HRRHA

SCALE liN • 20 FT.

'0 0 '0 20 '" 40 '"HAH .-----. r------a I

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLuDING NEW RiVER I

PLATE 50

SPEC. NO. DACW09· _§~_ 8·QQL6_

DISTRICT FILE NO. 241/266

U. S. ARMY ENGINEER DISTRICT
LOS ANGELES

CORPS OF ENGINEERS

NEW RIVER DAM

DAM EMBANKMENT
CROSS SECTIONSOtlCXfO tv,

R.M.K.

FOUNDATION REPORTPAYSSAFETY

100150200250300



VALUE ENGINEERING PAYS

r' f!.1486.0

. ;'11462~

PLATE 51

f

U. S. I-R.MY ENGINEER DISTRICT
LOS ANGELES

CORPS OF ENGINEERS

SPEC. NO. DACW09· _~~_ I·QQL~

DISTRICT FILE NO. 241/261

DAM EMBANKMENT
TYPICAL SECT IONS

REVISIONS

DATUM IS MEAN SEA LEVEL

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY lINCLUOING NEW RIVER)

NEW RIVER DAM

m STONE

H.G.

Otf(XfO Ir,

1'"1"1.>::.

FOUNDATiON REPORT

(RAMP 110- SUOVI/J)

f..JO'TE: V.c.W ~ ~-?ec.."'\ol,J" A£E ~II'J","
lo..NARD ~'St",* ",;>r"A..-r'io"-l?

_ ,__. _~.¥.!'E-ERJ!I..I"'O L.!.H-£_. _

-+-'-.!J~ ~- -- --- ' " . .
,,/ Z GkAVE:" DR':"iI,

SEE DETAIL 'A", Of'
~f>" SHEET 40

TYPICAL SECTION: STA.~ TO STA.~t
NOT TO SCALE

G ENE-RAL NOTE.S

VAM ~Mf3-',liK/(iNT

£/14M.:?

PlATE I

For gutter iocation OM details at Eost and
.;.JesT abUTments, see 51ft' 37 if BO. PLATES 46 and 48

2. Land'!:a'Jpe plan and pkJnf/ng sc.h~e"7 t::fr
dO\AJt1S1'"necm slope ofcbm emlxJnJ:me.nf no-!
'Shown. 6::,,-de";0/1, <see Sh+7. 78 qn:j 79.

3. For grave( droin defeu(s, see _. PLATE 49

4. For embor"Jkmen.r crown defalls, see~ PLATE 48

5. For romp aerails, see""""""" PLATE 48

,=.11/5'. rill area ond excavahon upstream of /)am
enbankment not shown on typIcal secfions
See~ ror locahon ond l,mif5.

PAYS

12" TYPE I STONE
'?" T,('iF Z (roO'y

..BAO(;::__

SAJ=ETY

Bo<kfi/I
roe

37

NOTE: Grovel dram to be Iflsta((etl between
sto. 191-00 <5ta. '31+00. 6raveL droOl/roil"
sto. ((dt-OO to sta. 20+00 Clnd 50. '30+00
to 5"h. SHOO nol ~hoUln on -/hI; Typical
?eellon. ~ Oda,l :A "foy 5ta. 1'3+00 to
Stat 20+00 Qf1d Ot:!o,'/ -8"'ror Sla. 30;-00
ro 5(q. :3/ +tt', /1e-lo,'l') ''A''on:! 'S"areon~ PLATE 49

-i:~
AP?;':';: .
BEOj(:J~K

2
:::II

SEE PROC/L£. S/./T.

/2" TYPE m STONE
r---·· - -

~/

-/2 TY?E 11: 5~-oJ./.;

d.'rYPE m sro/l./£

-APPR,:;.. CX/S-' .,j:l';U;.~': _.J....

.1....-----
'--£'XCA,VAT/O:. ;OUNO,J,-r/O/,..

fl. /4G/.7 BREAK II/ SLC':;£

~APPROX. EXI5T
.1_BEOROCK SURF/JeE

--"":.-:""'B7'~""

\ 0' 12' B!l6KFILL rOE
~.'l....- I I·AV~E
'/-. r........... VA~I£S ~ eXCAvATION ABU TME.Nr

-EXCAVIIT/ON ABJlTMENT

3.o'!WE R~HT N.l!rrMElJT
.,.0 AVe. u:rT ..su,..""""",

TYPICAL SECTON; LEFT AND RIGHT ABUTMENTS

STA. 10+00! TO STA.13+00

STA. 31 + 90:1 TO STA.33+27!
NOT TO SCALE

E1./46/.7

18" TYPE I STONE

l.t-
~/r:;?

"" ,~ PERVIOUS----
Si'-f£LL I

STONE--,,",,,,/,
EL.

EL. 146/. 7 BREAK IN 'f:1J.OPE

18" TYPE I STONE
(3" ryes V ' TO' 'f ----...

\

~;~7
BEPR:;(J..

.......... P£RV.:)CS
5HE"_ -----""'1

EL 1440

ti. ~A;: ~~ --5~/5~;. 37

[I. V4,.- £.- $Ei PR~r/~L, 5~ '" 37

APPR'JA. £.<I:5T. GROUND LlNE--

~;:;;:_~u,~.~~:-~.,7J

12" TYPE

BACK.FILL TOE

( DAN' EMS/- VKMENT

,{L146&.C

'::/ (TURAAROUND AND'
~,fl.H.8Z.2 RMAP NOT SHOWN)

24 TYPE I

(RAMP NOT SJ.lQWN)

l!: OAM EMI3AN<MEiNr

E:..!:f-B8·o

lCd.eI,€S BETWEEN
6/.7~ rO~e.9!c.

16+50! 21 + 06
TYPICA SECTION: STA.~ TO STA.~

STA.~ TO STA. 31+90
NOT TO SCALE

29+ 64

~
_ . _ £APPRC_X_. EXIST. GRGJN::W/E I

,'.- -- - -- -- -- -
II '. (APPR[\,. T
7 rXCAVA~ JIJ FCUlJ:JATIOI. BEOI<CC'I<

-- -- -- ~II~ IL:'-~'","'I~.,.-j'--'"

I <
E, CallE TRENCH VAIZ.iEi2__j' 15' l YAIlIES BETWEEN ~ i5' I 'EXCAVATiON C()JlE T/l'ENO-l
SEE P/?CJFILli. 5HT. 37 'l 1 54.5'AN06/.7:! i I 16+50=

TYPICAL SECTION: STA. 13+00 TO STA. 19 I 09
NOT TO SCALE

12" TYPE I STONE

•



VALUE ENGINEERING PAYS
1500 .------------------,-----------------,-----------------,-----------------,-----------------1'500

1~82.

-?Ee re'AIL"A" RoR
5LOPE PRLJTECT/CN

NOT TO SCALE

SECTION C - C

--------,~~--____j "'0

---------:c2c:-5L.00.,.,----------------t::L-2c:-0,-J.LOO-,------------------'-:-5-'-.-,00.,-------------------'-:-'0+ ~O

'/< \lJH6J "r_" 11 FILL

~""40'

oP~ "TJ!(EAJC,..11 C-OAlOUIT WV£f('T AI 4:.

l-----------:::§::::;;:;;~~:==t===~~~~~======t========~======~ ~j::~=::~------------~----:c>'J"I:~I!!M:-..,::I(~M:E~"~T~--=----~1360 1360

1340 L. L---_----' _

~+OO ~·OO

1420 ~----------.JI4_---.Jf_------I_---,'!U_l!~---___I_'7~----.:"'t_'~----+-I----------------'+------",,-----------\--+-tff-.r----------,'7'--------j1420

,~eo ~---------~~;::;::::;J:;;;;;:;;;;:;;:;~'="..,:~~=j,~;~-=~~.L~q~=i==~;;:~_:;====~---.:=.:...:-==-..:::::lf------:::?::L::::...---------t---\:-=-___==:-::--:---------1'380
£1.-.13137.74

E"XtAIN>.TE
To eLEV.

1400 ~--------_\_:_----lr_--------:1-_tr¥7="""~:::__--------..:~:..-=~f+-----_I'---~--------+-------~:_-----=:_o=i-==l=_~~-:::-:::-=:;;:::.;~7L...--------_1I.00

1460 ~------\_\_-------------jf_,.G4_--------+----,tuI__------+-=::::_~>xL---____:r_~------+-----------------+-¥~-----------_f_,I---j1460

~ ~
~I~

"'0 ~------___\fIi.._--I__------~---!!ll.."r_-----=:~____h:..----.:~____;;,.L=---+---_:"L_--------------=::¥+---:-~==--_-:r----:"----:""-:-I'7----:T:-O,IJ4---:--GiW:-::--'-'-,,-,,-U-IJ-£-:-+--'4-~IIl~--

~ ~Al 't. [7.0.<'-'1 ~K) ../U=:J••.rT 1- ~

~1Il

'480 ~-----~----------~~----_::;:;>'"~======tz====t~-t=------____;;"L::::::::7'L.------1------------------+-~'<}-----------------';zj1480

\lj AP!'I?OlCI""'no ~oP /
~ OF ~"'''''XK ----;1
\;
<

PLATE 52

7 JULYB3 /1, PC

FIAlI-'SH 6'-"~~

e,X./ ....T ~(;> UAJ.E.

"JEG r:>t!!"T'AlL 'A' ""'...
SLOPE PROTECTION

DISTRICT fn.E NO. 241/269

REV "A"

PltCXFILJ.. ) ToE
.,~ DlvE'R'-7'O'-J OWJI.lI<J..

o!!J(£.ll.OJATlO .... OF 6L1~"T.

~D.

roc oF LEVEE

REVISIONS

DATUM IS MEAN SEA LEvEL

U. S. ARMY ENGINEER DfSTltICT
lOS ANGElES

CORPS OF ENGINEERS

VERT SCALE I IN : 20 FT
~ 0 ~ ~ ~ ~ ~
8RB -=------- i

DAM EMBANKMENT

STAGING AND DIVERSION

PLAN, PROFILE, DETAIL AND SECTIONS

SECTION B-B
NOT TO SCALE

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITy (INCLUDING NEW RIVER 1

NEW RIVER DAM

HQRIZ SCALE I IN : 100 FT.

'01i.2!:.H<:HEl:EHl:lHHOk==.::""'~==~2~OOk=~'OO

REMOVED WORD "PROPOSED" FROM THREE PLACES

IMIfERT HEY. /382.0

otAWN ~ \

C.J·B.C""
D.g.V.

FOUNDATION REPORT

SECTION A-A
NOT TO SCALE

LE-'.J jE"/. /.,.0/.00

11/

""ee. oeJ'1j./L HA " Fote::
5!.OPE PIU>TECTION

1/
\--,.-r---,---=------==--==-:=--=-=---===--=-=-:::-=-=---=:::::;::::::lL:=-__-L Jl

llIVE17(1"

I ,
2=

I

~TivE ~ PLAcE aVER
COM PLETE':D EM eA>JK.ME.>Jr
(,sIIT><PE IJ <tlTYJ25W '$Ia·,S)
liZ' COMPACTEO SILTY TO CLAYEY SANO; 2('

SECTION D- D SPILLWAY EX.)
NOT TO SCALE

PAYS

-----

I. OIVERSION LEVEE STAGES COINCIOENT WITH EMBANKMENT CONSTRUCTION STAGES.
2.STAGE n OIVERSION LEVEE ANO PROTECTIVE COVER TO BE REMOVED PRIOR TO STAGE m CONSTRUCTION.
3.DIVERSION AND CONTROL OF WATER PLAN SHOWN IS ONLY FOR THE MAIN EMBANKMENT. DIVERSION AND

CONTROL PLAN FOR OTHER FEATURES OF CONSTRUCTION ( BORROW AREAS. DIKES. HAUL ROADS ETC.)
SHALL BE DEVELOPED AND SUBMITTED BY THE CONSTRACTOR .

'.DIVERSION FOR STAGE ill CONSTRUCTION SHALL UTILIZE THE COMPLETED OUTLET WORKS.

I

SAFETY

It DAM EMBANKMENT PROFILE

HORIZ SCALE I IN 100 FT
VERT SCALE I IN 20 n

DIVERSION LEvEE Ii CURVE DATA

STAGE p.± NO. 0 S.c. STA. E.C. STA.

I I IOSC.44108" 2~' 3>.oZ' 410.14' 7+0'3.32- 7" 55.4<1

t 2 4-5°3tZ3" 2!>O' 104.~4-' 1~.71' IZ+Zo:l.44 1';-23.14-

n 3 ~2.°40'O'3" 300 1 314.=0' 48~.21' S.rOO.BO 4GJ,.a~.ol
(\ \

n 4 86°5'5104 11 300' 284.18' 45~,IO' 4'3+Z0,~1 47+75.71
PLAN

SCALE liN '100FT



VALUE ENGINEERING PAYS
- ----

~Iw
I

I--- ..... '"
I

, - ---- -
~o L 0rolD . 0

~~~ : -~~
+-
~ --

I
(:/ i rTop of Dike 01 ~

~

~ I
I i

~
,

I

~~;:ROXIMATE
I I

- I I --

I
TOP OF BEDROCK I

t---- --- --t- -- - --- -- -- p --

~~~
"- ,w
z

"'-~"'--.. ------ - .",.-Apprc\ ell.lstmg grounCl sUfloce@ Dike ._~--~ ~

~ ------ j--~
--U

APPROXIMATE FINAL

~~~
f--- -~------- ~EXCAVATED SURFACE - - ":VAY' 2' Stnop m9

-:=;;
~--

EXCAVATION. EXPLORATION TRENCH- ~ - - - - 15'
-.<:. ~E..covolion. (lI.plOl'olion Trench

......

\

1500

1490

1480

1470

1460

1450

1440
85<00 80.. 00 75+00 701"00 60+00 55 00

1500

1490

1480

1470

1460

1450

1440

PLATE 53

........ _-- - -'-

)

U. S. AAMY ENGINEEI OlSTJ:fCT
lOS ANGELES

cc.~ OF ENGINEEIS

SPEC NO. DACW 09· _~~_ 8'Q9J~

REVISIONS

DIKE NO· i
PLAN AND PROFILE

STA. 84+-75- TO STA·52+00

DISTRICT FILE NO. 241/270
-=~~-I

DATUM 1$ MEAN SEA LEVEL

GILA RIVER BASIN
PHOENIX. ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NEW RIVER DAM

\

....""

FOUNDATION REPORT

\
\
\

\

NOTE SETTLEMENT MONUMENTS ARE NOT
SHOWN~

LOCATION OF GUTTERS WILL BE
DETERMINED BY ENGINEERS IN THE FIELD,

VERT SCALE I IN • 10 FT
10 0 10 20 30

H ........ H HORIZ SCALE I IN T 10 F1
100 0 100 200 300
aeeHS

U'..

\

\, ---
"

'-....~ 0
~ 0, \ +

"-, fij
~ <l, .......

Ii\ \.
:£ 11 g " T I I"

1 IT Q:
0
"-
Wz

---£ :::;
'0 :r:
\?, U>'

'" !;t'"
8- :=;;

PAYS

';C, ....EJ..8.!:i
SCALE liN c-lOO FT

£. 398,400

'z
·0
Q
'",

g

SAFETY

PROFI LE
HOR. SCALE I IN' 100 H

VERT. SCALE 1 IN. " 10 FT

NO. I

/""/ .

J

o IKE

\

I

I

/
/ /

!
~tj8~~ II I:>~,... I

~lf Ji 21
>~

..............., \

I \,

I
/

---"

..
"

---
/'\.,.

.Y\
g 111

'1
--1

rI
I

I I
I,
1/
I,

I

II
II
II
I,

I

'I
'I

\

'""

~
! ...,

"-'

---

/

\

\
\

-0w-.. J

+ ~ "~~'~40' + 40' TurnOfOUncl ,(See Delell Sht 52)

<i 0 f-GUller '
t- Z \ St'e SM. 39
en /1 _----

\ • - 11

/

.E'!98. 000 /

N 999 :"6560
E 397,853 83 \

J! ~9i.!'OO

z

"'"'"'
'"oo



VALUE ENGINEERING PAYS

450

4-'0

490

460

~oo

480

25 ...0030+0050.00

I
0

0 C?
0 '"+ '"'" I

f-
<t Cf)

f-
H1486.70

I~ ~
Cf) EI 148670

/ I

""' 1/ Top ot Dike o,li~ "I t wIf)
f-

~t
Ie <t

...J
0-

I

~( - 2' Str;PPi~ ,---r - Cl:[LO"'O...",,"' "OU"O '""0<. 0' "- _ f-- 7/k/mr- ----- 0
Cl: -- '. .enc in) "-
0 --- W I

---z.s.;i:¥~ --
fiNAL EXCAvtl.TED SURtCE

IZ
W - -- L.---- APPROXIMATE

...J
Z

~r--1-->.---" - I- EJ.covotion. E.. ploration Trench U
I

c:; <t
f- ::;:
<t
::;:

I1450

1500

1480

1470

1490

PROFILE

v~T~~~i 'll~:\8°ff

PLATE 54

U. S. MMY ENGINES DlStllCT
lOS ANGElfS

COllI'S OF ENGlNfEl.$

DrSmcT I'llE NO. 241/271

M AN

REVISIONS

DIKE NO.1

PLAN AND PROFILE
STA.52+00 TO STA.22+00

ATUM

GILA RIVER BASIN
PHOENiX, ARIZONA ANQ VICINITY (INCLUDING NEw RIVER I

NEW RIVER DAM

_IT,

,,,.""

FOUNDATiON REPORT

NOTE:

SETTLEMENT MONUM~NTS ARE NOT
SHOWN HERE. SEE SALE i j l i OR
tOCA i 16iC.

10 0 10 20 30
VERT SCALE H H H H A FEET

t-«JR SCALE'OO8.A'EHIlA3:EA:EAiiO~====i'~OO==:::::,,2'EOO~==~~EET

,
\

s.o-so 7'W.

PAYSSAFETY

PLAN
SCAlf liN ~ 100 FT

existing ground surface-------\

\
\
\

\

\
-+- ~

Toe of slope ot

~
\

~
·0

g
."o
o

,
"

\
I

\



VALUE ENGINEERING PAYS

1460.0

1477.5

1487.5

14750

1485.0

1482..5

'-- ---

Ins/all Trash Rack
(S"e Oetail)

<i. PROFILE
STA.16+80

HeRtZ SCALE: I IN • 5 FT.
VERT SCALE I IN.' 2.5 FT.

r---

----

Provide Std.

Flap 6ate)~k====================::f:=================tr

::' ,+------ Cut- orr
Noll

Ty, e [srone

1482.

1475·0

1477.~

1487.5

1485.0

1480.0

- 1470

- 1490

- 1480

£1 148".90

FINAL EXCAVATED SURFACE

tOTOO15+00

Approx. exisf. groundline\e 'l of Dike

Top of Dike. @ If.

.---Culvert

PROFILE DIKE NO.1
HOR SCALE" I IN.: 100 FT
VERT. SCALE' I IN : 10 FT.

w
~
....J

I
U
I
<t
:::;:

o
o
+
N
N

"90~ ~r
'480! ~i ~~~-

<t ----" --~4<----- ---
I a: i'" STrlpf-1n9

1470- a::: :::::-------.. ::::'--'--.;:;:====:..::========1-_l? ~
20tOO

PLATE 55

1472.5

j

u. S. ARMY ENGINEER DISTRICT
lOS ANGElES

COi:PS OF ENGINEERS

SPEC. NO. OACW 09· _O.J_ t· 001&

DISTRICT filE NO. 241/272

II N. 5 FT
5 10 15

I
liN 10 rT.
'0 20 3D

tiN. 100 FT.
100 200 :lOO

REVISIONS

DATUM IS MEAN SEA LEvEL

SCALE

h A A
O

SCALE
'0 0

SCALE·
100 a
HHAAA

GILA RIVER 6ASIN
PHOENIX. AR IlONA AND V Ie, NITY t INCLUDING NEW RI VE R I

NEW RIVER DAM
DIKE NO. I

PLAN AND PROFILE

STA.22+00 TO STA.IO+OO
AND DRAINAGE DETAILS

FOUNDATION REPORT

Top ,;I' '''J:e

i Tra5h rack urn f.//f1tJe (?e",- 0",--1-0:1.. lIere.on)

\01
\f

tl°T £;,
See DOV\lllsfntam strucf.
f:;1 re/nr.-,rnng .1eto/ls. t

This PO' tion ;(stem
shall be pOUI ej mOl :;ldlJlc

~Lr--------,...,..-rrl;C'.~r<'''f (,yp)

. JI 10'--;.1 _I ~~
t3 fl J 5 -d' _

~
~::.: ':0.'/80

- ----t ----
____ ~f'¢~

t (1006 C.-LOAD)----J----
Top 0, I O,k e

PLAN-CULVERT
NOT TO SCALE

- ----- ':'III~=-->
d ~o,-

56'-0"
20'-0"

·----7'T"o;z;p~6cir!-'D~IIr7<.."E--------.I-

~S""2 E W

(C;nt"reo)

#Sf§,IZ"

(Ben::; (ljlri G
Intc Heoor.tall)

(TYP)

SECTION A -A
NOT TO SCALE

··--:nvert R~tJ:lI

p,tT'rolly!',

TYPICAL HEADWALL
NOT TO SCALE

-£"-._21-"1/; R.C,A
r:·'l.flltcd/I,~i .

I I 1/

--.1.J5

PAYS

(),

fT)

t------:'{---------.-J\.--..1---e.-----1----'--,.---l:=========7f----===--=-----1_

~=====7r.=c0:e?:-:.:·~.,.,"Z/);;.;~,· -;~---- .. TOP- OF DIKE-

~/-31/

SAFETY

'!;>

l :,Yz'x3'x Yz'x:," Lg. w/;VI&>/1
hole fo~ 1/8'¢ Aluminum
shear pin peened each side
Anc har to concretG' w/ .
'Iz" xC:;" Arochor e>olt.

-t
,--__+--1r------'i~------_(~___r--1r_-+~I~-...,__--_4---~---_=

1472.5

~.39."Z.OO

N.I,007,24-1.&3
E. 3.99, 28'.43

--\,

Gate Hinge

2-earZ'x 3/s'x2Y4' Lq.
Drill 3/4" \-\Ole for 5/eJ'q,
Hinqe Bolt

orr ~oad

15/ ft W;de Graded

&:Ir 2"x liz "x 3" wi
3/14>" X I/Z" Vertically
slotted Hole for Ije."~
Shear Pin.

Bar zYz"x 9",g'",aY4" Lq.
Drill 3/4-" Hole (orS/B"¢>
Hinqe Bolt. Jam Threads
to preclude removal,

STRUCTURAL DETAILS

TRASH RACK AND HINGE DETAILS
NOT TO SCALE

ces
1_011

PLAN- DIKE NO. I
SCALE· liN.: 100FT.

y;,-...-"-"_-----'Jl~lC-

N.\,O!li',40
0

\
t-..!OTE: CULVERT SHAL~ BE 1t>J5TAoLlEo

IN O\RECT10t>J OF DRAINAGE,
SKEW WilL BE DE"TERM1"-J€D

1?

....J

o
o
+
N
N

I
U
f
<I
:::;:

<i.

~~

L---- ---l::- ~ ._-=--- . ,__LL.A~E PLEA5A"'r-ROA.-D------- -----------
,..---"{.,----.,-'(--'f.---"/..------"I.-ll-'C. JC ...

) Sfa. /(i'__ 80
cons/rucl 2~ """'if '/,-, R

(100. D'Lr,,~C;

/"/

-",~m,"""'(,-~C-'>!z<lr-"""""."""- --- ""IF --

- -S'/II¥;e excavafion to
codbur quadrant ofpipe

TYPICAL CULVERT INSTALLATION
NOT TO SCALE

Ultimafe ~mbank.menfFill

I/z"4> stud-htend
-'''Each Sided bar~

Bar Z"" ¥8u
" 2.Ja' Lq. wi

3)4"¢ Hale for Hi!'ige Bait
(4 ReG/d. Per Gate).

2"xlfz" Bors 9"
c--Ti._o_p_o_f_D_'_'K_e_-'-__+-_-+-.- (_T_y-.P.) ~

"",,,,F.u:;, +-;;r;o;~

~ Culver! &teNi/1



VALUE ENGINEERING PAYS

For Crown {)en:lt6 see 5n.- 39
Oi/<:E NO.1

VtftRI£"?

-EX~,Mi/A- ~/... ,EXPlOR..4T1C/li TR£N~;"

I Gufr-=,.. ncr shawn".~, rFOI lootlJn, see sntor>.45147
~,. For dE-/- Jf15, 5ee 51 r 39 .

TRANSITION /ApP'OX, ex/s,-
----L ~ro~.'~

~')--::TRfPnl.j6 . _ "
~-- ')

2 - Bo-klltl, toe-

---1---- --__

I, -:;~-

Gu.·rer nOT snown.~
For locor,ol, 5ee snT5. 45147.
P0r defol!5! set:' .:-/";1 39.

6.;;.,0'____-.-__-.:4!,',O<-__...__~2.i02---__,_--'--r__--__r-----'21fIQL__... 11,IQIL__~0

STA. 84+75'TO STA. 82+75
STA. 35 +00 TO STA. 10+00~

PEPVIDUS SHELL

:£
APprox. eX/sf

~ ...;~

Back rIll, foe12'

~Ie:: ~TR\PPJU~ FOR PIKe UO. I T¥Pk::.ALLY
VA~'E.? ~M 2' AT Tl-+€. Dc>..vAJ~1"lC:e:A~

roe ,..~~ to 3' AT THe. LJP"7T~

7c?e TfCE:,..;U'i.

ExCAVATIOiV,ExPL=:RATiON TRENCI.J

~ 011<:£ No.1

40

STA. 82+75 TO STA. 35+00

£/.
sEE PROF/", (FOr Crown Detol/, see sht. 39
5HTSAS/*

;"nr--=""""=~__==z,,,'>;go,,=--~..... ,- Ii' Type j[[ Ston~

20o

/ i? I

,
PERVIOUS SHELL

ZO

NOT TO SCALE

TYPICAL SECTIONS - DIKE NO. I

40

IZ" TYPE I STONE
IIi"T" L .'iRe.

- 1470

24" Type / 5tone~

---; 1490

- 1460

- 1480

1490

1490

,..
1480

>47

1470

'4.
1460

Trench

Type r: stone.

For Crown Derai" sec shr. '39

For Crown DerQil, see shi: '39

EXCOV01",o" ) ExplorofiOf7 Tre'1c.h

.~ Excovation) EKplora tion

.t OIKE "C.1

2 '

STA. 50+00
I IN.~ 10Ft

STA. 40+00
I IN. z 10FT.

¢ D!"-= !'IC.1
20'

IZ" TYPE 1 STONE
r"T;r_JIctr2oe ---..

APPROXIMATE FINAL

EXCAVATED SURFACE

24 "Type I stone __

IZ" TYPE I STONE
':i"x,p H .i~ $:6'

1470

1480

1490

1460

1490

1
1480~

I

""
REVISIONS

D IKE No. 1

CROSS SECTIONS AND TYPICAL SECTIONS

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NEW RIVER DAM
R.M.K.

0l5iGHEO IY

G./.c.S.

1470 U. S. AAMY ENGINEER DISTRICT
LOS ANGELES

CORPS Of ENGINEERS

40

l
'490 DATUM IS MEAN SEA LEVEL

___ '480~-t-----+----I

$TM&Ot.

z'O

For CroV'.Ir' O~ta.tlJ see shl 39.
2_0

14867 '

tl,--~

o

STA. 20+00
liN. -/0 Ft

z'O

24 "Type / Stone

APPROXIMATE FINAL
EXCAVATED SURFACE

r;frOA. ex/sf.
Loun~ line

,D

l'490 '490

tl'4ao 14ao

]

1470 1410

1460

t DIKE NO 1

2_ci.-
[J,14ef...7 rOf- Crewr; Oera.,I, see shr. 39

5ton~

STA 82+00
liN. t 10FT.

£YCO va tt on

IZ" TYPE I STONEOERVIOUS SHELL

'.?"i'lF ~/~;7'~.O \

611tte/" not Shown-?
__Se p d"tait, s~,./

1480

1470

1460

1490

60
__J..._

40
L

ZO ·'---~----'----:Z:":'0---'----4.L0-
60

SAFETY PAYS

SCALE: 1 IN. = 10 n
~ 0 10 20
aE::F...lII====

30

FOUNDATION REPORT

SPEC. NO. OACW09· _§:~_ I·QQL~

DISTRra fILE NO. 241/273

PLATE 56



VALUE ENGINEERING PAYS

1470

490

1480

+Iw
0'"

+1
<1J W

"' nr;

;to +
"'2

<i0
~

<it?
1-2 I-W
CflW "' Cflal1490 I

'",-- E1.1484.00 + EL 1484 .00

"'
-----

V ,Top of Dlke@1i "-~
~

I-
1480 I~ _Aonro~. e~istin rounclsurfoceotli Dike Cfl -r ~---- L

%'pplo, (1.0'A"'~---...::::;;;: -- :<-
1470

APPROXIMATE FINAL LIMIT LAPpro~imote 8edrock
OF STRIPPING

7+00

PROFILE OIKE No, 2
HOR.SCALE: I IN.: 20 FT.
VERT.~ALE: liN" 10FT.

Toe of slope at e~istin9

groundline

N.997 066.90
£.408,135.50

PL AN DIKE No,2
SCALE liN.: 20 Ft

GUTTER.
See Sh~t 39

~-
N.996 843.48
E.407,926.41

TYPICAL SECTION: DIKE NO.2
SCALE: lIN. - 5 FT.

PLATE 57

U. S. ARMY ENGINEER DISTRIO
lOS ANGElES

CORPS OF ENGINEERS

SPEC. NO. DACW 09- _,~_ 8·QQL~

DISTRICT FILE NO. 241/274

REVISIONS

DATUM IS MEAN SEA LEVEL

SCALE: IIN.- 5 FT., 0 , 10 15
H H H I

SCALE: liN." 10 FT.
10 10 '0 '0

SCALE: IIN.- 20 FT.
10 10 '0 '0 40 '0 60 70

DIKE NO.2

PLAN AND PROFILE AND TYPICAL SECTION

GILA RIVER BASiN
PHOENIX. ARIZONA AND VICINITY t INCLUDING NEW RIVER)

NEW RIVER DAM
OIIAWJ'oIIY,

Pfi!.V

FOUNDATION REPORT

GUTTER at locations shown on Plan,
hereon. For Details See Sheet 39

12"TYPE mSTONE

--- --- mr5§II17~iIll~

PAYSSAFETY

GUTTER at locotions shown on Pion.
hereon. For Details See Sheet 39

Str~ (I.OAYIlI·) I
",--APprOJimote Bedrock

--- ---~f~--- ------ --- --- ---- ~f'~I'E:59ml1l'l'l'iggl~'f1mTrI-..,----



VALUE ENGINEERING PAYS

500

520

480

510

490

530

1470

1450

1460

1440

.UJ~l.. '(". 'd. ,,1'\/APPROX. XISTING GROUND SURFACE ,

~~1\~~~~~
BANK OF SPILLWAY

.a/I] liak fEI1C~ (5ee delo// Sheet 7iJ
APPROX EXISTING'/: / .~ \\

I
un~~~~T "Bu~NK..~~ II !/

,~"SPILLWAY . f \"/ /, ~ ~, ,

1 (~ \ '\ '\ \ Appro <. ex 'St. groun

~\~> surface @l "'\~Lt. Bank. of Spil/WtN ,
+1 I >-. /'/

. ..-
Ei. '4E~- Y~'I/Wqjr- ~

Vl " - ~ . Rt. BanK of ";1''"//'" y'::' < . \.

"':::: -<!-\.l
~ '- <) /OF [jeri'; _I. 6 Rf ,
ti'" Ii--- iL

~~~"" f"TQ~ of B"'''' ~ El /478.43 I ~.:i I ~r-- ~. /To Berm-Righi 0 ~ ,

///0 \ EI.
- I t----~

... '<>.1:182.20 ~I_ /479.60 / 0
If)

/ ':' Top
~fc~hI

0'
<:i Top Berm - Lefl ,""- ~. IJ) ·S'/ ~ Let IY\

1/1/
~ " '<> tc

~~
~

+' to
'" ""

0;,

III EI. I~S .20 £1. 1456.'tC ~
.~ ---

I/~L.vel ,04G Y ;)) ~l ,,'I

~i e:----- ~ ~~, ,fInverr

EI"~5/1 Excava!e to '---C:oncre/e Sil/ --~:~o a I hi
dayl/ght (See De/ail sid 51) --- ------.

"""~

\ EI. 1442-2!

1510

1450

1460

1470

1530

1490

1440

1480

1520

1500

20+00 18+00 16+00 14 +00 12+00 10+00

PROFILE

HQRtl SCALE liN: SO FT

VERT' SCALE liN: 10 FT

//

/

N. 995 38/_ 53
E. 403, 709.89
5fOl. /9-f25.00

1/ /
\ '

fi:~~i*~;---403,330. 33

......$"c:r
o

/". "pSo 0

\0

NOTE:

SEE~ FOR GEOLOGIC SECTION
PLATE 20

DATUM IS MEAN SEA LEVEL

REVISIONS

U. S. MMY ENGtNEB: DtSTlICT
lOS ANGELES

COllI'S Of ENGtHERS

SCALE: liN... 50 FT.

""EEL:EL=3:'E'F33:°==:::::J"'",="",,,,,,,,',,OO==:::l''''

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER)

PLAN

SCALE. I IN ~ 50 FT.

(CONTOUR INTERVALS 2 AND 10 FT I

SAFETY PAYS

SCALE: lIN .. 10 FT.
10 to 20
BBSBB

50

~'T,

FOUNDATION REPORT

NEW RIVER DAM

SPILLWAY

AND PROFILE

DtSTl'tCT P'I.f NO. 241/275

PLATE 58



VALUE ENGINEERING PAYS

PLATE 59

60

E/./tf7b .ZO '/,?-'

I \/"

40'0

OISTRICT FILE NO. 2411276

SCALE: liN. • 20 FT.

U. S. N.MY ENGINEER ~STRIO

LOS ANGELES
CORPS OF ENGINEERS

REVISIONS

DATUM 1$ MEAN SEA LEVEL

NEW RIVER DAM

SPILLWAY

CROSS SECTIONS ,SILL SECTIONS
AND DETAILS

SCALE Yq IN. ..., I FT.

66 E3 d E3 E3 ?
SCALE; ~ IN. ". I FT.

, 0 I 2. 3 ...
H H ! E+3 =--"3

DETAIL "B"
SCALE: 'l4 IN. - 1FT.

'0E3 E3

GILA RIVER BASIN
PHOENIX, ARIZONA AND VICINITY (INCLUDING NEW RIVER I

DtAWN IV,

o....~.

D[SlGHfD IY,

""""

FOUNDATION REPORT

3. A burrel' zone i.:r required 1'01' all

Spillway rock excavofton by tJ/osr- '4 Tieo
/n9' See burrer zone details $IZ'ac.
on Sections and OeIat!'A:

E/.lf5'.20

\
.~I ~I

•__ Va,..,es r,..om 2!.o~

(!!: EI. If 76,20 to
-",I- mi,), 1~f?'1E

,--- '-EI,1486,20
1·51i112'

SCALE: liN. .: 20 FT.

SECTION C-C
tSPILLWAY CREST)
SCALE: 1/2 IN. - 1FT.

STA. 17+50

SECTION 8-B
lEI. 1476.20 TO El. 1486.20J

SCALE: 1,12 IN.... I Fl

SECTION A -A
(SPILLWAY CREST TO EI. 1476.201

SCALE: yz IN. .: I FT.

-A!'Pf'Ox. Ex~f Groundline

} Concrete siU

'(' I 1".9' 1 1'.9" 1

Vif \ \1 "0918' I

)

"-/ Tie>@/'Z-O,C, /

~'Line

'e>'LN?e

PAYS

20lK

Excovafion
Spillway

SAFETY

f' C • 51'11oncr--~'e

i Spillway

STA 13+00
SCALE: liN. .: 20 FT.

STA. 14+65
SCALE: liN.:: 20 FT.

DETAIL ''A'
TYPICAL SECTION

SPILLWAY SILL EXCAVATION
SCALE: l/2 IN. & I FT.

Burrer Zone

Appro•. ,,<t${, Groundline.J : £J. IHZ,4-5ci

~~---;-/, JL-~~III'e1(II~
-I ~;:fi,~ I Fifl41 cKCClvalKm

r------;-, •. Ime

Apprt?)C, 13edmcJ; /
STA, 12+00

SCALE: liN. = 20FT.

40't<10 'TuYnarcua/i
£1. /47:3.06:1:

I

BUlfer Zone

iJl
I

I

BUff" Zone

\§Il~

STA. 17+00
SCALE: liN. =- 20 Ft

ST A. 16+00
SCALE: liN. '" 20 FT.

STA, 19+00
SCALE: liN... 20 FT.

STA. 18+00
SCALE: lIN.• 20 FT.

Pmal nCClvafl;", -'\--~---.J!---------'..J
line



VALUE ENGINEERING PAYS

1450

1440

1430

1420

1410

1400

1390

1380

1370

1360

I

/ \ (,~U;t,<s
@/EIl.f:,Y I1MIPATOIZ~I?-£ SliT. 58 FOR Koadl 24' fi,-o.ned TVpe]I Stone Inve,....f I~

IIJTAICE STRUCTURE 5ee '>hI to' fa,- /)etai/s b ~ cmd ~":/" S opes ,.Q
O~TAIL~

~ '0 I

I~ IJ 7 .---7 \ll I
, tl 1;

~'>. 1[1 ~OAM EM8ANK.MEAlT/ I
.~~

" ~ / SIZe sht. '3 7 ror Pia" "m'; f ""f,i'e "\ I~ .~~ ,~
Q) 0

~~ ~ \() ~ ~ I~ ~ LO

"' ~' , ~ <:) Ij., I

~~ '"
~I

In V \ ~I-S ~I::-
-

'" ~ l,t -.,;'"" V:J 0...(5 ,,1::1 '2\Xl
":1" ~ .~'i--~i-\ .,. -I- "" V).\l o-.~

, '",=>":;~ C:> \J / "" ~ll~~
.!, '4-1l:i >.: 0, <\J .~ (y~ ~ " q, <i.

'" ~ ~i-2 ~I ~ Cl' V~ ~ O~ ,;';(\j.~-;... <\I, l():::::::::...:: C3 -l. 'h '" .... m~ I,.
I"\1 ~ !!!I~ ~~

- ~
~ qr~ ~I

~ r/ o High r;,a,n IifIt fence on ~~ -I-i ~ ~ ~ ~ :!: "- .,. ~.: ",;:'j
.,.,

\I\<ll "'I top Of" 5sipala,- walls, ft,. 10,+35- ~I

tl~~ ~~ ~~ ~~ O'tJ E ~ <J'1- ,,",'0 ~~ f>U5c:xcCiva/,on,lntal:e Structure---~ to 5fa. ~ +99.66, and on lop of j ;\l'1&''<! ~
':I~ ~J; <'2

~" . t: • ,;~

AnorM Dy,~1 ~Ilii ~~ \t)

"" ~~.~~ ~:~ l.LJconduit headW411 V\ \Ij "'CQ "J '" I

::!:~~.~~~'CCX::~'~~
~/. 1407.25

qE/.I4-Db-'-;
~

Foundc,t,on~~~ ~;i~ ~ }-£xcavation

~::J'
f--_..L Top of he4dwall ~5ee 5hi.?>7 I--E~calla+ k:>J, n"-ACC&>5

~
- -- -r-?,-,;:;;--;:,,-

" ~ I Outlet Works.~ ~ ---- E1.I40CJ.7 j.
I

V-
.. r ./ Ir·Q £1 1391.0/ 70e or k>le.c. ....... \- ,

0r' ~.25 ).J ~!"<m=l'n
I-- ... -.......::

~- / /
£/.13905 lL.I jnverl Approach Channel c/. 138 LJ' /; £x1s I a f/cl1--:OUnerWorts1r - 17- ____ I !/ /App,-ox. XHt. groundl,ne \

l7aylight 10 berm-<! Qr"£q S ~O.OOZ5 ~LtWel /" /l1P1 x'more e.risl: bedroc.J:. <>i II .J

I~~-~
I

~'~'
/ " I jZC ~i. -r------- z

~:::: j
. -

cancrefe PILI" £/1386.31 " ~, .-J

-oi
~ a SeeSheet55ll) W'38GZO/ one. S/II, I E/. 376.0 I EJ·137M...

I

C:> >Ji 0> ~
~ ~ Y I'" TOP OF CONe 'LL / 51 I ~ '1 -;9

"
:c
uN

~ "'''' Y--D.006950X-o.C03~7..3. £L.~9~'bo \1 '~~ EXCClvotio";Ou/lef t-... .... " f ~ <t0_

~I~ ~-. \J 0 G 'puler( Type II. ,[ ,'JI Work." :::;:~'" 10, \i1 . ",\ I
N l!g j ~ J::!..tJk.,. Dental"···· .-"-::;i::~ 5Ide'~/ope!. ·..!L ::s\ bed/pc-I:.
;OV\ '{\I,') 5 0 t I "U·~ 2
Vi \II "BI)Line for excavaf/on (s~~/fGI') E'fjO-vo.tefnersy CuI-off Wall/MasseDnc.)

in bt'a'rocK not shown. . ""po.. or- Bottom EL. 1370.00
I

450

440

430

420

410

400

390

380

370

360
24+00 22+00 20+00 18tOO 16+00 14+00 12+00

AI'PltO'OJ.

PLATE 60

+

SPEC. NO. DACW09· _tU_I-QQLli

DISTRICT FilE NO. 241/278

REV.~A"

REVISIONS

U. S. Al.MY ENGINEER OISTRIO
LOS ANGELES

CORPS OF ENGINEERS

OESOlII'TIONS

DATUM IS MEAN SEA LEVEL

GILA RIVER BASIN
PHOENIX. ARIZONA AND VICINITY (INCLUDING NEW RIVER)

NEW RIVER DAM

OUTLET WORKS

PLAN AND PROFILE

STA. 24+ OO± TO STA. 10+50

3ee S"P2' III i bi Lanu StOP&' , iOn ana ow, 6))3.

{Curve Data
A =32°33'/1"
R ~~OO/

T= 175.19 '
L =340.89'
EO = 25.05/

REVISED WIDr/{OF INVERT Dis FRCW STA 49 +-9~A

OLt,WNIY,

otEOtEO IY,

DRV

FOUNDATION REPORT

'0
SCALE: liN. :" 10 FT.

10 10
AHRHA!

SCALE:IIN." 40FT.

5OEE33::::::EF33:::JE3S°,===='E°='=='=='=3'00

PLAN
SCALE: IIN.- 40 FT.

PAYS

•

PROFILE - i OUTLET WORKS
HORIl.SCALE; liN. '" 40 FT.
VERT. SCALE: I IN. '" 10 FT.

SAFETY

z __"<~-"4$-:I

Structure

NOT TO SCALE

SECTION B-B
NOT TO SCALE..

f
t App,oac.h Channel

L Approximate. exist /ng ground/inc-
-------~-----.------- - -------------

IL:::S t~~m-t £1.1398.0 __ ...-, ~I'~,=-. __ -=6"'1.-'1_.3-<9""8-'.0'-......__....... --,--=- - -- 111~lll~~ ___

~\i'i:'5I\\ €.xc;.ave/flon,lntal:e ';i1I~
Jl~ EI. Varies ::..J 1

. Z Structure / 2 Appraximafe

_! ~ -----j Exisl. BedrocA

~



VALUE ENGINEERING PAYS

,420

,4'0

,400

,390

,380

,

,370

,360
2+00

...J £Kcavation, Outlet IOOr):.s / - -- - - - - -~- 'J;~", L24" "'. ..Y2'f" /';:::;;::::c'o,/?paefed ,,71
1370 r----T,;I-----j-----------------t------------------+-------/;;~H:'I~---..::y~--,\W \ 22't,-L/-4-'_----=ce::.:,,::I.::/02::.:t__"':::::or:..:J:~6~ __1

~ , , , '\¢!'."J I

::;: C<rouled Type II srMe .'-~ '-.§L. 13"'_4~
Toe of cut-off wall

1360 L--------:,O;;-+~0;;:0~---------------;:8.l.+-;:00;:----------------6~+-=Oc::O----------------,-41.+-=-00:-----------------.l

/

;Place Type 1lI ~/CV1e. 9'fh,C,t. ~ Groured
from Sb.13f30toSto.~5+065 IType l£ stone
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fINTJINJS
NDR-l Greisen (pneumatolytic altered .lk.l~feldspar or· granite)

MACROSCOPIC

The sample is dark gray (fresh) to medium gray (weathered) with calcite coating up to 2mm
thick, relatively fresh and well indurated. The principle constituents' include fine
grained interlocking crystals of quartz, plagioclase and alkali feldspar, and biotite. The
rock is massive, hard and shows no microscopic fracturing. The quartz,plagioclase and
biotite give the rock a mottled appearance.

MICROSCOPIC

Composed essentially of fine to medium grained crystals at approximately 50-60% equigranular
quartz, 30-40% feldspars (plagioclase and microcline), 10-15% olive green biotite, 5-10%
colorless muscovite, 1-2% aegirine-augite, and trace of magnetite. The sample represent.
granitic material which has undergone postmagmatic alteration by residual aqueous-gaseous
fluids that continue to rise through the intergranular pore spaces. The quartz, plagioclase,
microcline, biotite and aegirine-agate shaw solution etching fo~ng irregular aasses
scattered throughout the sample. Quartz has been severely etched and has been redeposited
as smaller anhedral equigranular grains bounded by plagioclase, alkali feldspars, and biotite.
The subhedral to euhedral plagioclase and alkali feldspars have been severely altered with
muscovite forming at the expense of the feldspars. The smaller grains of plagioclase have
been completely altered to muscovite. Colorless aegirine-augite and greenish biotite are
found intergrown and form isolated masses throughout the sample.

NDR-2 Diorite

MACROSCOPIC

The sample is medium gray (fresh) to whitish-Rray and medium gran (weathered), relatively
fresh and well indurated. The principle constituents include medium to coarse grained
interlocking crystals of quartz, plagioclase feldspar, hornblende, and biotite. The rock
is massive, hard, and shows no fracturing. The quartz, plagioclaae, and biotite give the
rock a mottled appearance.

-SPD-F~;;-4(~--------------------------------------------------------------



MICROSCOPIC

Composed essentially of medium to coarse grained.anhedral to euhedual intergranular crystals
of approximately 60-70% plagioclase feldspar of andesine composition, 5-10% anhedral. non
undulated quartz, 20-25% subhedral biotite. 10-15% subhedral to euhedral hornblende. and
minor clinopyoxene. zircon, chlorite. aphene. The sample as a whole is relatively fresh
with no alternation of the feldspars or mafic minerals. The plagioclase feldspars are
characterized by interlocking medium to coarse grained elongated subhedral to euhedral laths.
and An content of approximately 15-22%. The plagioclase laths are interlocked with anhedral
grains of quartz which form intergranular sasses. The mafic and accessory mineral are
associated together and form lenticular masses throughout the sample. Yellowish-brown to
brownish biotite and greenish hornblende are well preserved as aubhedral to euhedral crystals.
Zircon. sphene. and clinopyroxene from minor constituents of the hornblende-biotite masses.

NRD-3 Quartz-rich granitoid (dike rock)

MACROSCOPIC

The sample is medium gray to black (fresh) to light gray (weathered). aphanitic. massive.
and generally hard. There is no preferred frscturing orientation and contains scattered
large crystals in the aphanitic host rock. The larger crystals are light gray and are
subhedral in shape. The principle constituents include very fine grained crystals of
quartz. hornblende. and biotite.

MICROSCOPIC

Sample consists of anhedral to subhedral, equigranular (of the same size) crystals of
approximately 40-50~ anhedral quartz. 30-40% greenish. anhedral to subhedral hornblende.
20-30% brownish subhedral biotite, and 0-10% anhedral plagioclase feldspar. The grain size
ranges from .1 to .5mm (very fine). with the hornblende and biotite grains being slightly
larger than quart~ and plagioclase. There is a slight preferred orientation of the
hornblende and biotite crystal in one direction. There are sparsely scattered phenocryst
like crystals of quartz, biotite. hornblende. and plagioclase which·have a rim of smaller
hornblende and biotite crysatls. The texture and association with other lithologies suggests
that it is an igneous dike. Petrographic evidence includes: the high amount of quartz.
slight preferred orientation of mineral grains. the small grain size suggesting rapid cooling
as compared to the surrounding igneous rock. and the igneous-like texture.

NRD-4 Granite

MACROSCOPIC

The sample is light gray (fresh and weathered). moderately weathered. and moderately hard.
The principle constituents include medium to coarse grained interlocking crystals of quartz.
plagioclase, microcline. and minor amount of biotite. Calcite commonly coats the weathered
surface of the sample. The granite contains numerous fractures which penetrate throughout
the sample causing the rock to be broken apart easily.

MICROSCOPIC

Sample consists of coarse grained. anhedral to euhedral crystals of approximately 40-50%
undulated. anhedral quartz. 40-50% alkali feldspar. chiefly microcline. 15-20% plagioclase
feldspar of albite composition. 0-5% yellowish-brown to brown biotite and colorless
muscovite, and accessory minerals consisting of magnetite, zircon, and allanite (epidote group).
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The sample aa a whole is moderately weathered indicated by the feldspar grains but weathering
has not affected the mafic minerals. Quartz is characterized by anhedral interlocking grains
filling the institial spaces between feldspar grains. The dominant alkali feldspar is
subhedral to euhedral microcline with grains reaching 8mm, and exhibits partial replacement
by muscovite and sericite. Albite ia the dominant plagioclase feldspar and as in the
microcline, muscovite is present especially along grain boundaries. The biotite, MUscovite,
and accessory mineral occurs in isolated masses randomly scattered throughout the sample.

NRD-5 Porphyritic Andesite

MACROSCOPIC

The sample is pinkish-gray (fresh and weathered), exhibits little weathering and is moderately
hard. The principle constituents include fine grained euhedral, phenocrysts of hornblende,
biotite, and plagioclase in a aphanitic perlitic glassy matrix. On the weathered surface,
texture exhibits concentric weathering the glassy matrix, as the glass along the concentric
fractures have weathered more rapidly leaving a hilly topgraphy. The phenocrysts are rando~y

oriented and are dispersed randomly throughout the sample.

MICROSCOPIC

Sample consists of subhedral to euhedral, fine grained (.2-l.0mm) phenocrysts of plagioclase,
hornblende, biotite, and magnetite in a perlitic glassy matrix. The perlitic texture is
breakage along concentric shells which is in response to hydration of the glass and its
consequent expansion. The phenocryst composition is 65-75% plagioclase feldspar mainly of
oligoclase composition (An 5-10), 0-5% alkali feldspar (orthoclase), 15-20% subhedral to
euhedral brownish oxyhornblende (basaltic hornblende), 15-20% brownish euhedral biotite, and
0-5% euhedral magnetite. The plagioclase feldspar phenocrysts occurs as zoned and unzoned
twinned crystals. This would suggest thst the rock had undergone two periods of crystallization.
The unzone plagioclase would represent crystallization at depth, while the zoned plagioclase
would represent crystallization during upward movement or at eruption. Hornblende is yellow
brown to reddis~-brown. forms euhedral crystals and is associated with subhedral brownish
biotite. Magnetite occurs as subhedral to euhedral ( .lmm) 'sparsely scattered throughout the
sample.

NRD-6 Porphyritic Andesite

MACROSCOPIC

The sample is reddish-brown (fresh and weathered) exhibits little weathering and is moderately
hard. The priciple constituents include large (medium grained) whitish phenocrysts of
plagioclase, fine grained euhedral phenocrysts of hornblende, biotite, and magnetite in an
altered glassy matrix. The phenocrysts are randomly oriented and are dispersed randomly
through the sample. There are several fractures filled with whi~ish chalcedony/agate material
ranging up to several mm thick.

MICROSCOPIC

Sample consists of subhedral to euhedral, fine to medium grained phenocrysts of plagioclase,
common and oxyhornblende, biotite, and magnetite in an altered glassy matrix. The phenocrysts
composition is approximately 60-65% subhedral to euhedral plagioclase feldspar mainly of
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andesine composition (An 15-20), 2-3% common euhedral green hornblende, 5-6% subhedral to
euhedral, yellowish-brown to reddish brown oxyhornblende (basaltic hornblende), 20-22%
brownish subhedral biotite, and 4-6% euhedral black magnetite. The plagioclase feldspars
phenocrysts occur as both zoned crystals and as single unzoned elongated laths up to 3mm
as in NRD-5. Biotite is subhedral, brownish in color and as in the hornblende ph~nocrysts
never exceed lmm in size. Magnetite occurs as subhedral to euhedural phenocryst up to
.4mm sparsely scattered throughout the sample.

NOTE: Samples NRD~l and NRD-2 are most likely bf the same origin. The differences are
that NRD-l represents material near the margins of the Diorite pluton which is represented
by NRD-2. NRD-I is the postmagmatic alternation of NRD-2.
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NRD-7 Pyroxene-bearing Andesite

MACROSCOPIC

Medium dark gray (fresh surface) to mottled white to light gray (weathered surface).
Aphanitic texture with fine spherulitic mafic minerals appearing as black specks.
Sample is nonfractured, very hard and strong, and not weathered. On the fresh cut
surface, there is evidence for mineral segregation of light (felsic) minerals into
discontinous bands. Hematite occurs in minor amounts throughout the sample.

MICROSCOPIC

Consists of unweathered, anhedral to euhedral phenocrysts of plagioclase feldspar
(composition ranges from oligoclase to andesine), and a trace of anhedral to sub
hedral pigeonite (clinopyroxene, ca-poor augite) and magnetite. The plagioclase
feldspar occurs as both twinned and zoned phenocrysts up to 4.5 mm in length. The
pigeonite and plagioclase feldspar show no evidence of weathering or breakdown to
clays. The matrix consists of subparallel (showing flow direction) microlites of
plagioclase feldspar of undeterminable composition with anhedral to euhedral magnetite
up to 0.05 mm and anhedral subrounded crystals of pigeonite and rutile. There is no
alternation of the groundmass. Approximately 65-70% of the groundmass is composed
of plagioclase feldspar with the remainder 30-35% of pigeonite, magnetite, and rutile.

NRD-8 Volcanic Cinder Flow Breccia

MACROSCOPIC

Reddish-brown (fresh and weathered) cinder breccia consisting of andesitic to basaltic
scoria blocks and lapilla fragments in a reddish cindery matrix. There is no preferred
orientation of fragments or welding of matrix material. Sample strength is weak and
has low hardness. Weathering is moderate to deep and the sample is very porus.
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MICROSCOPIC

The breccia consists of approximately 60-70% angular to subrounded fragments of
highly vesicular andesite or basalt rock with secondary deposits of zeolites
(Heulandite or Chabazite) within the vesicles. The basaltic groundmass has
been completely devitrified and the microlites of plagioclase altered to albite.
The matrix consists of devitrified glas8, fragments of andesitic and basaltic
lithologies, and fragments of the larger fragments described above. The
vesicles in the groundmass have been filled with either Heulandite or Chabazite
(CaAl zeolites) while approximately 30-40% of the remaining groundmass has been
replaced by muscovite.

NRD-9 Vitric Ash-fall Welded Tuff

HACROSPOPIC

Light purple to purplish-red (fresh and weathered surface) with banding of
coarse to fine grain holohyaline glassy ash. The coarser layers have fragments
up to 6 mm in length. The presence of dark gray to blackish pumice fragments
suggest that the sample has undergOne welding anf flattening. Sample is very
hard and strong and there is no evidence of weathering. The sample exhibits
perlitic texture but no surface flaking. No secondary macroscopic crystal growth
is found.

MICROSCOPIC

This sample represents a moderately welded tuff consisting of uncollapsed,
collapsed, and welded pumice fragments with subordinate Qbsidan glass fragments
and phenocrysts of plagioclase and alkali feldspar, biotite, magnetite, and
minor quartz. The presence of the welded pumice fragments would indicate
material from another welded tuff unit. The tuff has been welded into compact
glass and subsequently perlitic fractures have developed. Flattening and collapse
of pore spaces of the pumice fragment in an approximate length to height ratio
of 2 to 6:1 l~dicates moderate welding. The original pore space of the
pumice fragments has been completely eliminated but their structure has been
retained. Devitrification of volcanic glass and welded pumice fragments is
minimal, only occuring along fragment boundries. The welded tuff has an andesitic
composition based on the phenocryst population of 80% plagioclase feldspar,
10% alkali feldspar, and 10% mafics.

NRD-lO Slightly Welded Rhyolitic Ash-fall Tuff

MACROSCOPIC

Light purple (fresh surface) to light pinkish orange (weathered surface) with
crude stratification of pumice and glass fragments. The grain size ranges from
very fine to medium, with majority of the grain elongated parallel to the crude
layering. The presence of dark gray to black elongated layers interbedded with
layers of pinkish to purple pumice fragments indicates different degree of welding
of the pumice fragments. Stratification is the result of the degree of welding
and grain size of the pumice fragments. The sample is moderately to very strong
and hard, and shows no evidence of weathering.
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MICROSCOPIC

Consists of approximately 50-60% devitrified flattened non-collapse to completely
collapsed pumice fragments, 20-30% subangular to rounded fragments of non
devitrified ~olcanic glass exhibiting perlitic texture, 10-20% phenocrysts
of plagioclase and alkali feldspar, quartz, minor mafic and miscellaneous
volcanic fragments. Welding is slight to moderate with the flattening of
pumice fragment rarely exceeding a length to height ratio of 2:1. Within the
phenocryst and volcanic fragment population, approximately 25% are volcanic
fragments, 25% quartz, 30% alkali feldspar, and 20% plagioclase feldspar. This
would suggest a rhyolitic composition of the phenocryst population. Devitrif1
cation is slight to moderate with the formation of devitrif1cation products such
as plagioclase feldspar and cristabolite intergrowths absent.

NRD-ll Lapilli-ash Flow Tuff

MACROSCOPIC

Mottled salmon-pink to gray (fresh and weathered surfaces), unsorted and non
stratified. Consists of angular lithic fragments of volcanic origin ranging from

1 mm to 21 mm in size. Sample 1s moderately hard and strong and shows~1ttle to
moderate weathering. Surface varnish is yellow-orange in color along with
dendritic pyrolusite (Manganese Oxide). Texture indicates slight welding of the
ash matrix.

MICROSCOPIC

Consists of coarse ash and lapilli size fragments of undevitrified glass fragments
exhibiting perlitic texture, altered and devitrified volcanic rock fragments,
uncollapsed and collapsed devitrified pumice fragments, and rounded andesitic
rock fragments in an ashy matrix. The ash matrix consists of anhedral to euhedral
phenocrysts of 45-50% quartz, 35-40% plagioclase feldspar (varying composition
indicates contamination), 15-20% alkali feldspar, and 3-5% magnetite, biotite, or
hornblende. Phenocryst percentages indicate a rhyolite to dacite composition
of the ash matrix. The majority of the ash matrix is composed of devitrified
non-collapsed pumice fragments and non-devitrified volcanic glass. There has been
compaction and very slight welding of the particles. A flow origin is suggested

"by the following evidence: 1) unsorted nature of the deposit and 2) heterogeneous
nature of the lapilli fragments and ashy matrix.

NRD-12 Rhyolitic Ash-Fall Tuff

MACROSCOPIC

Light pink to salmon pink (fresh and weathered surfaces), crude to good
stratification of well sorted fine to coarse grained ash. The ash consists of
dark purple to red glass and andesite fragments and pink devitrified pumice.
Sample is well consolidated and moderately hard and strong. Weathering is moderate
to deep and can be broken apart under hand pressure.
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MICROSCOPIC

Consists of non-flatten, slightly to severely devitrified pumice fragments,
non-devitrified subrounded to rounded glass exhibiting perlitic fracture
patterns. The sample is composed of approximately 65% pumice fragments ranging
from non-deformed, non-devitrified to highly contorted, devitrified with pore
spaces completely collapsed, 25% perlitic, non-devitrified glass, 4% miscellaneous
rock fragments, and 6% phenocrysts of plagioclase and alkali feldspar, and quartz.
Boundries between layers of different grain sizes are sharp and there is no
evidence for graded bedding. The individual fragments of glass and pumice are
separated by a thin matrix of glass shords and other unidentifiable crystalline
mineral. This would suggest that this unit has not undergone compaction and
welding as found in other units.

NRD-13 Vesicular Pyroxene-bearing Andesite

Dark brownish-purple (fresh) to salmon-pink (weathered), moderately hard and
strong and shows little to moderate weathering. Consists of unweathered
microlites of plagioclase feldspar, phenocrysts of hypersthene and pigeonite
(orthopyroxene and clinopyroxene respectively), magnetite, and rutile. Randomly
scattered phenocryst up to 1 mm of plagioclase feldspar are found. Color
difference between NRD-7 and NRD-13 is due possibly to the greater increase
in magnetite concentration in NRD-13 and the predominance of plagioclase in
NRD-7. Origin is suggested to be primary rather than secondary weathering or
reheating by the flow breccia.

NRD-14 Rhyolitic Lapi1li-ash Flow Tuff

Mottled gray to pinkish red (fresh and weathered surfaces) in a pinkish matrix.
Consists of unsorted, nonstratified, angular volcanic fragments (up to 25 mm)
of andesite and basaltic scoria. The sample is friable and is moderately to
deeply weathered. Microscopically the sample consists of angular to rounded
andesitic fragment (similar to that found in NRD-7 and NRD-13), devitrified
vesicular basaltic fragments, and other miscellaneous altered volcanic fragment
in a vesicular glassy matrix with a pumice like structure. The matrix had under
gone slight devitrification and contains numerous phenocrysts of plagioclase and
alkali feldspar, quartz, and biotite.

NRD-15 Andesitic Flow

Banded dark pink to light tan (fresh surface) with occasional microcrystalline
phenocrysts of quartz and plagioclase. Sample is very hard and strong, and
shows moderate weathering. The flow consists of .5 to 2.0 mm layers of
devitrified glassy material with microlites of plagioclase feldspars and
phenocrysts of plagioclase and alkalic feldspar, and quartz. Numerous individual
and layered vesicle and show development of plagioclase feldspar and cristabolite
intergrowths. Evidence for flow origin include 1) continuity of layers, and
2) subparallel microlites of plagioclase feldspar, biotite and plagioclase
feldspar phenocrysts.
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t The Earth Technology
.. Corporation

3116 West Thomas Road, Suite 601. P.O. Box 14570. Phoenix, Arizona 85063
Telephone: (602) 269·7501: Telex: 656338

January 23, 1984

u. S. Army Corps of Engineers
New River Dam
P. O. Box 2019
Sun City, Arizona 85372

Attention: captain Dunn

Subject: Soil Sampling and Laboratory Testing
New River Dam, Arizona
Earth Technology Project No. 84-164-01

Gentlemen:

At your request we have sampled and tested four soil samples obtained from

the fracture filling material in andesite bedrock fractures at the base of the

core excavation at New River Dam. Samples were obtained December 30, 1983 by

our staff geologist, Ron Whitler, under the direct supervision of Corps geolo

gist Hob Thurman. Samples were obtained from fractures ranging from about 1/4

inch to 2 1/2 inches wide. At your request, the follOWing tests were performed

on each sample:

a Atterberg limits

o Grain size distribution

o S.C.S. double hydrometer dispersion test

o Salinity, soluble sulfates, and soluble chloride content

Results of the Atterberg limits, dispersion, salinity. sulfate and chloride con

tent tests are presented in the attached tabulation. Test results were

telephoned to the dam site project offices on January 1, 1984. Results of the

gradation tests are presented on the attached grain size plot, Figure 1. As

requested by the Corps, tests were performed on minus 840 size material to

screen out rock fragment contamination picked up during sampling.

Soil descriptions and sample locations are presented below:



New River Dam
Project No. 84-164-01

Sample No.1:

Page "2

CLAY (CH), light greenish gray 5GY 7/1 (Munsell), high plasticity, hard, waxy,

noncalcareous, no appreciable coarse sediments except from contamination, trace

of hematitic and manganese stains. From bottom of core turn, Station 29+90,

12-20 feet upstream of centerline.

Sample No.2:

CLAY (CH), mostly light greenish gray 5GY 7/1, but some light gray 5Y 7/1

coloration with 20% of material 7.5 YR 6/8 reddish yellow hematitic coloration,

high plasticity, very stiff to hard, noncalcareous, hematite and manganese

stains, slightly more porous and less plastic where hematitic colored. From

Station 30+20, bottom of core turn, 22 feet downstream of centerline.

Sample No.3:

CLAY (CH), light greenish gray 5GY 7/1 and reddish yellow 7.5 YR 6/8 with manga

nese stains, high plasticity, hard, waxy, noncalcareous, slightly more porous

than Sample No.1. From Station 30+70, bottom of core turn, 10-25 feet upstream

from centerline.

Sample No.4:

CLAY (CH), mostly light greenish gray 5 GY 7/1 with 15% reddish yellow 7.5 YR

6/8 and a trace light gray 5Y 7/1, high plasticity, very stiff, noncalcareous,

not as stiff as Sample No.1. From Station 30+90, 12-29 feet downstream of

centerline, bottom of core turn.

Please call us if we can be of any further assistance at the New River Dam site.

Sincerely,

~~~
Steven A. Haire, P.E.
Project Engineer

SH: jm
cc: R. Roodsari

=..
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v
, REPLY TO

., ATTENTION 0":

SPDED-DL

DEPARTMENT OF THE ARMY
SOUTH PACIFIC DIVISION, CORPS OF ENGINEERS

LABORATORY
POBOX 37. SAUSALITO, CALIFORNIA 94966

.? MAR 1984

SUBJECT: New River Dam Arizona

Conunander
US Army Engineer District, Los Angeles
ATTN SPLED-GD, A. Roodsari
Post Ofice Box 2711
Los Angeles, CA 90053

1. References:

a. DA Form 2544, CIV 84-53 dated 7 February 1984, requesting
testng of soil samples.

b. Samples relative to reference a received on 13 February 1984.
Identification of samples is on inclosed plate.

2. Pinhole Erosion Test and Atterberg Limits tests were performed on
the above samples in accordance with Engineer t1anuar1, EM 1110-2-1906,
"Laboratory Soil Testing", 30 November 1970.

3. Soluble salt tests will follow when completed.

4. Total cost of testing is $510.00. Billing will be made by the
Sacramento District, Finance and Accounting Branch.

FOR THE COMMNADER:

lInd (trip)
as

f/\L"w ~L....
MELVIN W. COHEN
Director, SPD Laboratory
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