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5. Upstream face of dam emba "snent and left abutment contact area.
18 April 1985

6. Looking downstream at main access road, energy dissipator, gaging
station bridge, and outlet channel from crest of dam. 19 April 1985

7. Looking upstream at energy dissipator and downstream face of dam
embankment from gaging station bridge. 20 March 1985

8. Approach channel to intake structure as viewed from crest of dam.
Note ditch to intercept slope runoff at right. 19 April 1985

9. Intake structure and trash rack. Note grouted stone section of
approach channel. 19 April 1985

10. S,,illway excavation as viewed from upstream borrow area.
Miscellaneous fill area in center of photo and right abutment of dam
at left. 19 April 1985

11. View of completed spillway excavation looking upstream.
20 March 1985

12. Looking upstream at north wall of completed spillway excavation.
Note concrete sill on lower slope. South wall bench at right.
20 March 1985

13. Crest Lnd upstream face of dike No. 1 embankment as viewed from south
abutment. Note grouted stone gutter along embankment toe.
20 March 1985

14. View of landscaped downstream face of dike No. 1 embankment looking
toward south abutment. 20 March 1985

15. Downstream face of dike No. 2 embankment. 20 March 1985
16. Stage ITI dam embankment construction as viewed from right abutment

staging platform. Note zoned embankment, including downstream
horizontal toe drain at right. 9 October 1984

17. Stage I dam embankment fill placement. Note breach in Stage I
diversion levee to allow equipment access. 28 February 1984

18. Upstream face of nearly completed Stage II dam embankment. Closure
section will tie into sloping portion of embankment at right.
11 October 19814

19. Stage III dam embankment construction at approximately elevation
1420. Completed Stage II embankment with upstream stone protection
at left. 25 October 19814

20. View of completed Stage II excavation to station 16+50. Note Stage I
diversion levee and right abutment in background. 14 January 19814

21. View of Stagc II diversion levee protecting completed Stage II
excavation to station 26+50. Note Stage I embankment protective
cover in foreground. 31 March 19814

22. Protective cover of spillway rock over Stage I embankment fill.
Right abutment in background. 31 March 19814

23. Looking east at core trench bedrock slope, stations 16+140 to 16+90.
Note extensive shearing, particularly in upstream transition zone at
left. 29 March 19814

14. Looking east at core trench excavation from station 19+30j. Note
extensive scouring and water rounding of granitic bedrock surface.
29 March 19814
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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

26. Backfilling foundation depression upstream of dam centerline between
stations 14+85 and 15+25. 7 February 1984

27. Looking downslope from top of left abutment at major shear zone
paralleling dam axis. Note shear zone confined mostly to upstream
transition zone to right of paint stripe. 14 March 1984

28. Major shear zone appears to wrap around lense of intensely fractured
intrusive rock and blocky knob of diorite. 14 March 1984

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 fore-
ground) near center of photo. 29 March 1984

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

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

32. Typical example of strong subparallel to wedge shaped jointing in
andesite bedrock, vicinity of core trench station 30+50. Joints
generally strike N1O°E, dip 900. 11 February 1984

33. View of right abutment prior to start of Stage III construction.
Note highly fractured, blocky nature of andesite rock mass and well-
defined layering which dips obliquely upstream (toward lower right of
photo). 26 September 1984

34. Joint (striking N500 W, dipping 550 SW) containing up to 6 inches of
rehealed andesite breccia, core trench station 31+10.
11 February 1984

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

36. View of completed Stage I core trench excavation and right abutment.
Note backhoe trench in foreground. 8 Feburary 1984

37. Stage II core trench and left abutment after excavation and initial
foundation preparation completed to station 16+50. 14 January 1984

38. D9H dozer ripping lower reach of .ight abutment access 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

blor'l, 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 scour 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+OOP 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 lanuary 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.

I 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
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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

hbucket. 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 30°NE. 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 subgarallel to wedge shaped joint pattern (striking N75
0
E,

dipping 45 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. Sp iiway test area excavated and cleaned to allow inspection and
evalatlion 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. S.,-rapr hauling shot rock from spillway for Stage II diversion levee
s:ope protection. Dozer with slopeboard used for slope trimming.

22 March 1984
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101. Excavating production shot No. 14 in spillway using front end loader
and rock truck. 5 September 1984

102. Outline of sill section, south wall of spillway excavation. Note
irregular slope and highly fractured andesite rock mass.

31 October 1984
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

104. Excavated sill section, north wall of spillway. Note limited over-

break in fractured andesite rock mass. 29 November 1984
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
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
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 1985

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
109. Dike No. I exploration trench, station 81+25. Note coherent andesite

blocks on both sides of photo with calichified andesite breccia

toward center. 22 January 1984
110. View of dike No. 1 exploration trench excavation looking north from

south abutment. January 1984

111. View of dike No. 1 completed exploration trench excavation looking
south from station 13+00. Note widespread caliche. 25 February 1984

112. Dike No. 2 foundation after stripping. 6 February 1984
113. Front end loader with full bucket compacting initial lift of core

material against treated bedrock surface in Stage T core trench,
vicinity station 30+70. 13 February 1984

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

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
116. Five foot high ramp of core material against right abutment slope.

22 October 1984
117. 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 Data

Drainage area sq. mi 164Type of dam 
- compacted

earthfill

Main embankment:
Crest elevation ft, NGVD 1486.7Maximum height above streambed ft 1o4Crest length 

ft 2,320Freeboard 
ft 5.6

Dike No. 1:
Crest elevation ft, NGVD 1486.3Crest length ft 7,464
Freeboard 

ft 5.2Maximum height 
ft 36

Dike No. 2:
Crest elevation ft, NGVD 1484.oCrest length 

ft 256Freeboard 
ft 2.9Maximum height 
ft 9

Spillway:
Crest elevation ft, NGVD 1456.2Crest width 

ft 75Max. water surface elevation ft, NJVD 1481.1Max. spillway outflow ft /s 29,850

Outlet conduit:
Interior dimension 

ft 9.5 H x 6.25 W
Length ft 433
Inlet elevation ft, NGVD 1389.25Outlet elevation ft, NGVD 1386.31Max. outlet outflow ft /s 3,150

Energy dissipator:
Length 

ft 60.98
Widthft 31.0
Floor elevation ft, NGVD 1372.0Wall height 

ft 22.0

Outlet channel:
Base width 

ItSideslope -t 16.0I Levee height -- 2.5 H to 1VLength 
ft 8.0 - 1.0Lgz't 

730.32
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NEW RIVER DAM
PERTINENT DATA (Continued)

Feature Description Unit Data

Reservoir area:
Spillway crest acres 1,780
Max. water surface acres 2,900

Capacity (gross):
Spillway crest ac ft 43,520
Max. water surface ac ft 102,520

Storage allocation below spillway crest:
Flood control (net) ae ft 38,600
Sedimentation ac ft 4,920

Standard project flood:
Total volume ac ft 49,300
Peak inflow ft3 1s 45,000
Peak outflow ft3 /s 2,665
Drawdown time (to empty) days 10.1

Probable maximum flood:
Total volume ac ft 105,000
Peak inflow ft3/s 144,000
Peak outflow ft3/s 33,000
Drawdown time (to spillway crest) days 3.3
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NEW RIVER DAM

FOUNDATION REPORT

1. Introduction

Purpose and Scope

1.01 The New River Dan Foundation report was prepared by Robert L. Thurman,
project geologist, to satisfy the requirements set forth in ER 1110-1-1801
dated 15 December 1981. The report provides a complete and accurate record of
the foundation conditions underlying the darn 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 Damn 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
of a 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; (14) 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 dan 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 1614 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 1014 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).
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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. Another earthfill 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. An ungated 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 earthfill dams (Dreamy Draw Dam, completed
in 1973; Cave Buttes Dam, 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 GIM. 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. DACW o9-83-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 remaining
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.

Key Resident and Design Staff

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

Engineering Division:
Project Manager Stan Lutz
Civil Design Yan Bahaudin
Technical Specialist Albert Honda
Soils Design Rudy Roodsari
Soils Design Ted Ingersoll
Geology Vern Minor
Geology Bob Thurman
Materials and Investigation Bill Halczak
Hydraulics Edward Chew
Environmental Planning Lynn Alm
Cultural Resources Helen Wells
Landscape Architecture Mike Evasovic
Survey Bud Anderson

Construction Division:
Resident Engineer Neil Erwin
Project Engineer Cpt. Bob Dunne
Office Engineer Mike Ternak
Office Technician Satsuki Carrington
Assistant Project Engineer!
Field Superintendent Joe Salinez
Laboratory Chief Rick Flott

Contract Supervision and Quality Control

1.09 In addition to the Construction Division personnel i.tele I prl

1.08, the New River Dam project office maintained a permanent sta!'f i)f tw,_
field inspectors and three laboratory technicians, qupplement , y 3dltlonl.
Los Angeles District, other District or military personnel when 'sequirel.
Quality control over embankment placement was the respons.1Uity f the Corps
of Engineers. The Contractor had quality control over the )tner aspects of'
construction, which were nevertheless under constant inspectin by the Project
Office staff. Engineering Division Geotechniilr 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.

Subootractors

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.

• ! |



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 mountain 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 tupographic 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 coimnon 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, Eome 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 basins occurred.

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 to andesitic tuffs, breccias and flows, and deposition of thick
sequences of elastic 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 the mid-Tertiary orogeny, 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 late Miocene, 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 elastics 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 Topography

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.
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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 analyses 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 in 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 imderlies 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 spillway excavation. The breccia also locally caps the andesite
and infills 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 excavation. The tuff sequence, composed of a series of pyroclastic
rocks reflecting different modes of origin which have undergone varying
degrees of consolidation, is exposed 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 Jocally cap the
andesite bedrock underlying the dam foundation on the west side of the valley.

ALluvitim

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 soil 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 rounded 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 cobblef and boulders
present to a depth of about 25 feet, extend down to bedrock, which Ls 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 comon 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 Seismicity

2.12 The greatest concentration of faults, particularly Quateraary 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, 1983).

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 segments, the longest and
most continuous of which is the 17-mile-long central segment. 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 I 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 J.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. !Joing the most recent
water level data available, a ground water basin profile thro.igh the project

area was developed and is shown in figure 1. Within this 5 mile rtach, 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-F-I) 25bca, approximately I mile upstream, and at a
depth of 121 feet (ele'iation, 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-i) 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 or 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 aay be
influenced to some extent by any localized zones of perched or semiperched
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 elevations of approximately 1300 and 1340
feet. These variations may be due to seasonal fluctuations, perched conditions
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 ground water development for
agricultural as well as residential and industrial purposes. In 198'4, ground
water was measured at a depth of 351 feet (approximate elevation, 1029 feet)
in well (A-4I-1) ibaa, approximately one mile south of the dam.

Subsidence

2.19 Surface subsidence and associated earth fissure development noave
occurred in the Phoenix metropolitan area as a result of major groulld water
declines (Laney, 1975). Long-term survey data are not available to determine
if subsidence has occurred at the project. However, subsidence 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 Rood west of'
Interstate 17 (Winikka, 19814). The maximum amount of subsidence detected
between 1967 and 1981 has been 0.145 foot at 83rd Avenue, approximately 4-1/2
miles south 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 southwes3t in the
vicinity of Luke Air Force Base, where I to 3 feet of subsidence has been
detected or estimated (Schumann, 19714).
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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 paragr-phs.
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
were excavated to more accurately determine the depths to competent foundation
rock and to assess the excavation requirements of the foundation materials.
The seismic refraction surveys were intended to yield information on subsurface
P-wave velocities and the overburden/bedrock contact. Results from survey
lines 1, 2, 11 and 13 were inconclusive when compared with subsequent
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.

Left Abutment

3.04 The investigation of the left abutment consisted of geologic mapping,

drilling two inclined core holes, DD-19 and DD-21, and excavating two test
trenches, TT82-4 and TT82-5, with a D9 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 locations of the test trenches are shown on plate 12 and the
geologic logs of the 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 program was to more accurately determine the depth to
sound foundation rock and to assess the excavation characteristics of the
foundation materials.

Right Abutment

3.05 The investigation of the right abutment consisted of geologic mapping
and drilling two inclined core holes, DD-22 and DD-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 geologic structure, (2) the rock mass permeability, and (3) general
abutment excavation requirements.

OUYLETJ ORKS

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
overburden/bedrock contact and the subsurface geologic structure. The left
abutment site was investigated by geologic mapping, 4 core holes (DD-32
through DD-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 I 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 excavated along 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 isx-shown 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 sumarized on plate 17, and the time-dirtance 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.

SP ILL WAY

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 (00-9 through DO-li) 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-243
and D0-46 through DD-50), 20 backhoe trenches (TT-58 through TT-77) two 09
dozer trenches (TT-93 and TT-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 summarized 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 embankm~ent and outlet works and because of
reduced land acquisition requirements.

DIKE NO2. 1

3.09 The investigations for dike no. 1 consisted cf 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 alinem.it 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 test holes and trenches, representative disturbed samples of
the foundation materials were obtained at 3-afoot 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.

DIK NO. 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 sumarized 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 through 103C, and 1 NW-size exploratory
core hole, 104C, in the 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.

Investigstions After Construction

OnRVATION Ufl.L

3.12 Investigations conducted after the dam emsbankment 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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4. Foundation Excavation and Treatuent

Da Foundat ion

DESCRIPTION

4.01 New River Dan 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 (PMLF) 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 withi. 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
tw2 temporary diversion levees to bypass 25-year frequency flows of 28,000
ft /sec 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 foundition 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-toot protective cover,
consisting of a 1-foot lift of erosion resistant silty to clayey sand overlain
by 2 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 breach commenced 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 1984, 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 the preconstruction investigations except that an
additional 160 feet of bedrock excavation was required. In the Stage I
excavation, the limits of bedrock 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 description 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.

16



Lithologic Units - Left Abutent/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 biotite with minor amounts of plagioclase feldspar. An
intrusive origin 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 high
amount of quartz, the 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. The intrusive rock is generally
moderately soft to hard, variably weathered, and locally brecciated and
rehealed.

Litbologic Units - Riht Abutmet/Care 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 agglomerate unit, 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 ADESITE. 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. Macroscopically, 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 along predominantly high angle joint planes in
the andesite bedrock. The infilling material was restricted to the core
trench bottm between 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
varying amounts of sand to gravel size andesite rock fragment:3. The infilling
tends to be tightly bonded 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 analyqis
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 stricture. The matrix contains numerous phenocrysts of plagioclase and
-iUali feldspar, quartz and biotite. The agglomerate exposed in the core
trench excavqtion 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 p1s. 5 and 6) and in fact probably caps
the sloping andesite bedrock surface east of station 29+64.

4.20 ALLUVIUM. The central portior 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. Tne 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 Jeformational 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 la ,a flow. The apparent oversteepened contacts 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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structural trends in the mountains bordering the project area are predominantly
to the northwest, conforming with the dominant pattern noted in the Salt River
Valley area by McDonald and others (1947). Even the long axes af 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 5 on the contract plans. Except for the extension
of the bedrock pediments on both sides of the valley, the only other
significantly different foundation 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 by a 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 i 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 inforation, 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 manifesta'ions of the
long-quiescent Basin and Range disturbance. The predominance of non-tectonic
landforms, such as extensively pedimented mountain blocks, in souuhwestern
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 shears 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, highly 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.
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 (pls.
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 Pls. 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 'IV"-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 pla. 32 and 417). 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 saialler individual parallel to
cross shears. The shearing displays a dominant northeast structural trend,
compared to the major northwest trend of the region. Measured shear
attitudes, plotted on a stereonet, revealed an average strike of N70 0E and a
dip of 75 SE. The major shear zone (See p1s. 30 through 33) generally
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parallels the dam alinement. It is confined mostly to the upstream trinsition

zone of the core trench and left abutment (photos 23 and 27), xcept In the
vicinity of the outlet works between stations 13+65 and 15+00. There it exits
the core trench excavation and apparently re-emerges in the octiet conduit
trench excavation as a narrow 12-inch-wide zone at station 19+05. The shear
zo e 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 approximately 4 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 hut
also occasionally wraps around bodies of igneous rock without dissecting
them. An example of this phenomenon occurs upstream of station 12-+10 where
the southern edge of the shear zone "curves" around a lense of intrusive rock
(photo 28). West of station 19+00, the shear zone branches out into two
distinct parallel linear shear zones averaging 4 inches in width with a more
east-west trend. Significant shearing within this portion of the excavation
also tends to be absent. Numerous 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 continuous in length for more then 200 teet.
These shears also have characteristic non-linear patterns. On the Left
abutment slope, several approximately 5-foot wide zones containing calichified
sheared rock rubble extend diagonally across the foundation surface from the
shear zone.

4.27 The major shear zone contains basically a mixture of crusheO and
brecciated to intensely fractured rock and clay gouge, with some evidence of
slickensides. The rock has variable hardness and weathering characteristics

and frequently is unrecognizable 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 type of 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 peciment surface
in the core trench, has been extensively rehealed with pervasive secondary
deposits of calcium carbonate, primarily in the form of induratnd insoluble
caliche (photo 30). Calcium carbonate lined fractures up to 3 inches wide are
most prominent within the diorite rock mass, particularly on the left

abutment.

4.28 Joint structures in the basement complex are quite extensive and well-
developed (photo 31). They are usually tight or well 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 jcint arrangements, particularly those 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 on a stereonet. The ztereonet plot revealed what may
be referred to as orthogonal joint sets, which are characteristic of block-
jointed granite. The major joint systems (with average strikes and dips
noted) are as follows: (1) striking N55°E, dipping 70 SE; (2) striking N25

0
W,
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dpping 55°SW; and (3) striking N40°W, dipping 50
0
NE. The origin of the

jointing is debatable, but it is believed that shearing is riot 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 ihear
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 i-regularly-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 alteraticr 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 : 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 cooied. The andesite also exhibits a generally well-defined
layering, which dips in an upstream direction and gives the rock a locally
platy or slabby 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. Howevr, evidence of shearing, indicating possible movement of
one layer over anotier, was difficult to recognize. The only obvious flow
structures consist )f oriented phenocrysts of plagioclase feldspar into
diacontinuo, flow lineations or bands. The irregularity of the foundation

surface can be attributed in part to the hard blocky nature of the andesite

ro,-k mass.
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4.32 Joint structures are typically well-developed, open, izsely ti
moderately spaced (1 to 12 inches), and arranged in subparal'e! %) welge
shaped patterns with varying degrees of lateral continuity. J)int orientations
are variable, although strong consistent patterns are recognizable throughout
the excavations and in stereonet plots. The dominant trend ri the Layering is
N50°W, with an average dip of 30ONE. Two high angle intersectnW joint sets
predominate; one striking N70OW and dipping 600SW and the other striKrIg
N200 E, 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. On the abutment, 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 rehealed fractures, frequently interconnected,
which occasionally extend uninterrupted for distances of up to 50 feet. The
well indurated breccia, which can attain a maximum thickness of aboiit 12
inches, is composed mostly of purplish-gray andesite (photc 3,1). 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 occasiondlly separate
intact coherent rock blocks on the abutment surface. These surface features,
ranging from approximately 1 to 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 unsuitabie 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, as noted 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 shatte'c -. The
distinctive layered structure is also not as apparent within portoono of the
upper half of the abutment. Instead, the foundation surface has thu
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 of a 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.
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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
suae, DK dozer equipped with a double shank cross ripped the material to

facalitate removal of the alluvium with the scrapers (photo 35).

ABUTME2rf/CORE TRENCH EXCAVATION

The prpose or the abutment and core trench excavations within the core-
ar-s Dr., -'ntict zones was to provide a suitable foundation on which to

nlaie an' compact core and transition materials. In this regard, the
-X-avl icnn were extended either to sound bedrock (photos 36 and 37), or in
-he case of the central portion of the dam foundation where bedrock was deep,

a-a well cemented sandy gravel layer at elevation 1365. Within the pervious
shell zones on the abutments, only minimal excavation (1 foot average) was
reqjired 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 explosive. This resulted in an average powder factor of
0.78 pounds of explosive per cubic yard of rock. Blast holes were drilled on
a 4 x 5-foot pattern, to depths ranging from 5 to 7 feet along the access road
to 8 to 10 feet within the staging area. The muck generated from the 3
production shots was pushed down the slopes using a D8 dozer. The access road
blasting program afforded the Contractor the opportunity to establish
acceptable shot 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 his proposed 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
operation. 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 D811 dozer on the staging platform. By winching the small dozer up
and down the slope, swaths could be cut in the loose material using the
blade. However, this technique proved unsucessful and was soon abandoned.
The main problem was that if the Case dozer was not directly in line with the
drum 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 the Case dozer as it worked the slope. This excessive movement caused
much sloughing of the bedrock at the edge of the platform, creating a safety
hazard for the dozer operator working below. In addition, the winch cable was
becoming increasingly 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 the winch cable to two D8 dozers moving in
tandem along the staging platform (photo 39). This modified procedure was
successful in blading loose rock and overburden from the abutment surface
within the core-transition contact zone and upstream pervious shell zone but
was not practical for accomplishing the approximate 3 feet of bedrock
excavation anticipated for the abutment core and transition zones. Due to the
inability of the dozer to develop sufficient leverage on the steep slope, the
blade had limited success in removing the typically loosely keyed in-place
andesite rock blocks from the abutment surface (photo 40). The Contractor
then attempted to reach a suitable foundation surface using both high and low
pressure air blasting followed by hand labor but it soon becaome apparent
these methods were both time oonsuming and ineffective. Detailed cleaning of
selected test areas on the upper half of the abutment to allow visual
inspection and evaluation by Geotechnical Branch personnel of the foundation
surface revealed unsuitable materials, generally loose, soil infilled rock
blocks, which could be further excavated up to depths of about 2 feet using a
rock pick.

4.40 Although reservations were expressed by the Government over the affects
of ripping on the fractured bedrock, it was obvious that mechanical methods
would be necessary to accomplish the anticipated 3 feet of abul..ment excavation
as shown on the contract plans. The Contractor then decided to abort the
cleaning program and resume excavation on 2 December using a D911 dozer with a
double shank to rip the lower half of the abutment (photo 1). The dc:-,r was
winched up the slope by another D8H dozer using a D9H dozer as a "deadman
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This set-up worked well except the winch periodically overheated and the
D8 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 amount 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
tcoth 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 D8K dozer
equipped with a double shank. The D8 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 D8 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 1355j- 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
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excavation, the Contractor was 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 estimated 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.

14.144 As the excavation approached station 30+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 statio)ns 30+20
and 29+55 (see p1. 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 agglomerate.

4.* 45 Once the limits of bedrock excavation in the core trench had been
established, the remaining bedrock was exposed 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 accommodate 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 increased width of the core zone plus the two 15-
foot wide transition zones (see p1. 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 from top of bedrock (with a 14H to 1V slope) to the projiected top of
the 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 $68,227. 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
commenced around 3 January and was expeditiously completed by 5 January 19814.

Left Abbmmt/Staas I1 Came TrueDc

4.46 The excavation for the left (east) abutment and Stage 11 core trench
commenced on 22 November 1983 and because of several long delays caused by
conflicts with other construction activities or restrictions imposed by the
contract specifications, was not completed until 23 March 198:4. 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 "stripped" 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.

4.147 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 14 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.

4I.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 ±14 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 147). In this way,
heavy tracked equipment would not come in direct contact with the abutment
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.

4.149 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 198'4 was
completed by 13 January 19814. 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 114 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 without ever encountering sufficient resistance to
terminate excavation. Upstream of station 15+00, a 12 to 14-foot deep, 30 by
40-foot wide depression was excavated in soft, weathered diorite and intrusive
rack before work was halted (see pl. 47). An inspection of the bedrock
depression indicated that the bedrock surface would provide a suitable
foundation and further excavation was discontinued.

4.51 Once the Stage I embankment fill placement was completed, allowing
removal of the Stage I diversion levee concurrent with resumption of the Stage
TI diversion levee construction, Stage II excavation resumed on or about 1
March 1984. Removal of alluvial materials 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
discontinued and the bedrock surface fully exposed using up to 3 Case backhoes
equipped with scraper bars in lieu of the excavator. A D9H dozer assisted the
scrapers during excavation by ripping the cemented alluvial deposits above top
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 base width of
the core trench when necessary to conform to the top of bedrock elevation.
However, all final slope and base widtn 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 f or
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 plates 5 and 46 of the contract plans, but
instead exhibited a rather abrupt 15-foot drop in elevation between stations
16+40 and 16+90; and (2) bedrock was exposed at invert grade (approximate
elevation, 1365 feet) 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 TT
bedrock excavation were firmly established by digging several shallow
exploratory trenches with a Case backhoe parallel to the (dam axis.

FOUIIDATIOK PREARATTO AND TRET1TW

Geml

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 embankments were 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 compacted embankmuent materials. The grouting was conducted
primarily to explore the subsurface foundation conditions and to create a
relatively impermeable zone under the core zone of the dan. The main
objective in the preparation and treatment of bedrock surfaces within the
outlet works and spillway where structural concrete was place4 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.

4i.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 Abutiment/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 lw-pressure air blasting and hand labor (photo 50).
The abutment surface was initially given a rapid air cleaning to remove 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 easily 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 alluvial 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
haer 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 1-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 removal of large rock blocks but their use was
discontinued when it became evident that the guns were doing more damage to
the rock foundation by propagating existing fractures and creating new ones.

4.59 CORE TRENCH - SURIFACE PREPARATIONI. The Stage I core trench bottom was
cleaned fairly rapidly utilizing up to two Case backhoes equl pped with scraper
bars, shovels, rock picks, and high pressure air blasting. The pervasive
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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 19814, 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, 100- lb/in-
minimum compressive strength dental concrete containing 3/14-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 514). 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 3 1+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 tu compaction equipment
(photo 56).
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4.62 STAGE I FINAL CLEANUP. By 13 February 19814, the Stage I core trench was
ready to receive 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 was then reblown
with a high pressure air hose and wetted prior to material placement. The
final cleanup of the sloped portion of the core trench was 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 zone after the
completion of all grouting activities was accomplished during the Stage III
construction period between October and December 19814. Following the same
procedures established during foundation preparation of the Stage I core
trench surface, the abutment surface was cleaned and treated in 8 sections,
each an average 17 feet in length with an average elevation difference of' 13
feet. This allowed the Contractor to work the abutment slope near the top of
the embankment fill without having to use safety lirnos (photo 57). Each
section was also within the placement reach of a crane hoisted concrete
bucket. Much more extensive 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 apertures ranging from approximately 1/14 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 rock and residual soil between coherent intact rock blocks created
localized voids and cavities up to 14 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 with~ n
the core zone consisted of the placement of approximately 130 cubic yards of
dental concrete using a concrete bucket and crane and the hand application of
about 100 cubic feet of 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 smooth 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.

4.65 The one consistent and uniavoidable problem encountered during foundation
preparation and treatment In progressive stages up the abutment slope was the
tendency for contamination of previously inspected and approved sections.
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tney 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 .op 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 'am 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 furtner
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

35



narrow single 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-tired equipment only to protect the integrity of the foundation,
concerns over the quality of the bedrock in localized areas between stations
16+00 and 16+90 required the use of a D9H dozer with slopeboard for corrective
action. The dozer ripped several feet of the calichified granite cap near the
upstream edge of the core trench excavation in the vicinity of station 16+40l
(photo 67) and the slopeboard was used to flatten the steep bedrock slope to
approximately 1V on 1H 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 consieted
mostly of low pressure air blasting to remove any remaining loose rock and
residue from the grouting program.

4.69 SURFACE TREATMENT/FINAL CLEANUP. Only dental concrete was required to
satisfy foundation treatment requirements for the Stage II core zone. No
grout slurry was necessar'y because of the tight or well healed nature of the
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
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 (4J) foundation surface configuration. In the
core trench, dental concrete needed 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 trimed 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 th budrock 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 1205.01, 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 1 Job $20,000

Drilling exploratory grout holes 350 LF $ 25/LF
Drilling grout holes 9,100 LF $ 8/LF

Pipe for grout holes 500 F $ 5/LF
Drill set-ups

(1) Grout holes 370 EA $ 25 EA
(2) Exploratory grout holes 4 EA $ 50 EA

Pressure testing 175 HR $ 60/HR

Grout pump connections 375 EA $ 50 EA

Placing grout 2,500 SACKS $ 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 g-out due to the typical narrow separation between joint
surfaces and the widespread presence of infilling material along joint planes.
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4.73 PREMOBILIZATION. The Contractor selected the W.G. Jaques Company of Des
Moines, Iowa to be the drilling and grouting subcontractor. Since the Jaqlues
Company had also performed the foundation grouting for the Adobe Dam project
and was already familiar with similar contract specification:3 and general
operating and reporting procedures, no major problems were anticipated or
encountered prior to the start of mobilization. Correspondence between the
Corps of Engineers and the Jaques Company was initiated several months in
advance of the expected mobilization in order to ensure a timely start and
efficient operation of the grouting program and to avoid impacting the
Contractor's accelerated construction schedule. Information regarding tnie
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 piants 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 be
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 surfaces
or contamination of embankment fills, and that any impact upon construction
activities due to wastewater or grout within the construction area would be at
the expense of the Contractor.

4.714 MOBILIZATION. Although a preliminary constructi3n schedule had shown
drilling and grouting operations possibly beginning as early as mid-November
1983, the actual mobilization of Jaques Company personnel and equipment to the
site did not occur until 3 January 19814. 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 214 rotary drill rig, 2 grout plants, and all required
appurtenances. Before any work actually coimmenced, a formal mutual
understanding meeting, attended by representatives of the project engineers
staff, the Geology Section, Sundt, and Jaques was held on 14 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 commencement of work to
thoroughly review all applicable safety requirements and procedures,
particularly when working on the steep, irregular west abutment surface.

~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 be
su marized as follows:
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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 dirill all the grout holes (photo 73). An air-water mixture was
used as a circulating medium to remove drill cuttings frim 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 rpm 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.

4.76DRILINGAND GROUTING PROCEDURES. Foundation drilling and grouting was
accoplihedusing the specified stage grouting method, which involved the

drilingandsubequnt routng f pogrssielydeeper 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-f.,ot centers on each
abutment and on 10-foot centers in the core trench, with elevations recorded
for each station.
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0.Primary grout hole locations were marked as planned with minor
adjustments as necessary to fit local geologic or topographic conditions.

d. First stage primary grout holes were drilled with 2-1/2-inch diameter
diamond plug bits to the depth ol the specified zone, which was usually 25
feet but occasionally 15 feet. The entire stage grouting process within a
given zone could be done in one operation because zones of complete circulation
loss were difficult to delineate using the percussion drilling method.

e. After drilling was completed, the drill bit was raised off the bottom
of each grout hole and the hole was pressure washed using an air-water
mixture. Pressure washing was continued until the return water was clean or
for a maximum period of 10 minutes. Before the drill rods were removed, air
was injected into the hole to force most of the water out and to prevent drill
cuttings from re-entering the hole.

f. The completed grout hole was then capped using a wooden plug wrapped
in a burlap sack to prevent contamination. Installation of grout pipe was not
reguired for the following reasons: (1) the packer grouting technique used
allowed the grout header to be attached to the downhole supply line instead of
directly to a grout pipe; (2) grout pipe was not necessary to maintain hole
alignment during percussion drilling, or to reduce surface leaks during packer
grouting; and (3) the rock surface was competent enough to provide a firm hole
collar and withstand any severe hole washout due to the erosive action of the
circulating medium.

g. Each hole was pressure tested with water normally for a 5 to 10 minute
period or until a uniform flow rate was established at the gage pressure
specified, or until surface leaks developed. Generally only the maximum gage
pressure (expressed in pounds per square inch) was used for each test
interval. For zone I pressure testing, a vertical depth of 10 feet was
normally used in the calculation of maximum gage pressure. For Zones II and
III, the vertical depth to the top of the respective zone was used for all
calculations.

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 Su mary notes in table 8.

i. If pressure test data showed a calculated permeability of 0,1 feet per
day or greater, grouting was begun using a thin mix of 6:1, regardless of the
suspected eventual take. Grout mixes were thickened incrementally, as
required, to preclude premature stoppage. All grout mixes consisted of water
and Type II cement; no additives or sand were used. Grouting of clean holes
was accomplished using the packer grouting method in lieu of the direct
grouting method. Under this arrangement, the direct grouting header was
connected to a downhole grout supply line with a pneumatic packer attachment
capable of being set in the hole at the depth specified. For Zone I grouting,
a packer setting near the top of the hole (normally at a depth of 2 feet
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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.

a. The grouting of any hole was not considered completed until that hole
refused to take any grout whatsoever at 3/4s 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 coila be
deepened or drilling within 50 feet of the grouted hole could commenc!e. 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 e: tablished.
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 gro-iting 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 usuzally begun at the lower elevation of' a reach,
particularly on the abutments, to facilitate construction of' a more effective
grout curtain.

4.78 GROUTING LIMITS. A single-row grout curtain was formed along the damn
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+641, the
dam embankment was founded on alluvium so grouting was not required. For
purposes of discussion, the foundation grouting program has been divided into
two sections; the west side, which includes the west (right) abutment
(stations 31+90 to 33+27) and Stage I core trench (stations 29+64 to 31+90);
and the east side, which includes the east (left) abutment (stations 10+00 to
13+00) and Stage II core trench (stations 13+00 to 21+06). Foundation
conditions were different for each section. The west side grouting was
conducted in mostly bard, highly fractured, unweathered andesite bedrock while
the east side grouting was conducted in typically highly fractured and sheared
granitic bedrock with variable hardness and weathering characteri~tics. The
grouting program also included the drilling of 5 exploratory grout (core)
holes to check the effectiveness of the grouting and to obtain additional
information on subsurface conditions. Data for each grout hole and exploratory
grout hole are sumarized in table 8 and are graphically shown on plates 341
through 36. A comparison of average grout takes within zones of each section
is shown in table 7.

41.79 PERCUSSION DRILLING. Despite Government reservations over the use of
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 steep
for the drill to operate safely and effectively without assistance from a
winch cable system (photo 714). Two pairs of 2-inch steel "tee" bars, set
approximately 5 feet Into bedrock, 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 moving 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.



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 11
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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4.84 Forty-one primary grout holes and 7 secondary grout holes were drilled
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
mass permeabilities ranged from 0.0 to 2.8 feet per day with an average grout
hole permeability of 0.5 reet per day. Due to the pervasiveness (both
laterally and vertically) of the highly plastic, non-dispersive green clay
fracture filling in the core trench, grouting was deferred in 18 of 23 primary
holes drilled between stations 29+64 and 31+90. In fact, a Zone I

01 permeability of 0 feet per day was calculated for the reach between stations
29+70 and 31+30 compared to an average rock mass permeability of 0.1 feet per
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
characterized by open, residual soil filled fractures and a greater
susceptibility to surface leaks during pressure testing and grouting. The
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 2.7
sacks could be injected into 5 core trench holes, resulting in an average
grout take of less than 0.01 sacks per linear foot. Grout takes on the
abutment were not uniform, however, with two smiall reaches, between stations
32+05 and 32+17 and between stations 32+30 and 32+37, accounting for nearly 90
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 to
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+17P and
32+30P in order to establish a more effective grout curtain to the first zone
depth. Two secondary holes, 32+79S 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 area 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, because 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 rook 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+75S and 32+10P. The first 2
holes were part of the fan pattern drilled near the bedrock ma-gin of the core
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trench and the possibility of grout traveling out into the more pervious
alluvium may account for the abnormclly 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. Te-tiary holes were drilled between stations
29+70 and 29+90, not only to braC t 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+00?,
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+753 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 ioot 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
cormmon 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+87.57) and
1 quaternary hole (29+78.3Q,) 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; I00C (station 31+28.5, 6 ft. upstream of centerline) and IOIC (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 I01C, 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
throughout the highly fractured rock cores with the heaviest concentration
occurring in the upper 3 to 7 feet of Zone I, where rock mass permeabilities
and grout takes were the lowest. A composite RQD (Rock Quality Designation)
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 101C
and above 61 feet in hole 100C. Even when present, the grout did not
necessarily completely fill a particular fracture; occasionally it was mixed
with the clayey infilling material. Both holes accepted small quantities of
grout (see table 8) but not amounts significant enough to require further
exploration.

4.88 EAST SIDE GROUTING. Prior to starting grouting operations on the east
side, the decision was made to delete all Zone III grouting with the exception
of 2 exploratory holes. With the concurrence of SPD Geotechnical Branch, this
action was taken for the following reasons:

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

b. The criteria used to determine grout hole depths are quite
conservative. A more realistic approach would be to use two-thirds the
maximum reservoir height to the spillway crest elevation of 1456 to figure the
maximum grout curtain depth. This would result in a two zone curtain with a
bottom vertical depth of approximately 44 feet.

c. The standard project flood (SPF) up to spillway crest elevation has an
estimated 400-year frequency of occurrence.

d. The dam embankment is not founded on bedrock across the entire width
of the valley. The central portion is founded on more permeable alluvium with
a calculated average field permeability of 8 ft/day.

e. Given the conservative design of the embankment and the planned
foundation treatment combined with the short duration flood pool, a maximum
grout curtain depth of 50 feet was considered more than adequate in providing
underseepage protection.

4.89 Drilling and grouting operations on the east side 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 efforts 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 damn
foundation underlying the o, let conduit before actual construction commenced,
holes 14+20P, 14+30P and 14 "OP 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 300E 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 0.14 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, w~'le 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-Toot section between stations 16+20 and 16+25. Primary grout hole
16+20P required 17.3 Sacks to complete, while secondary hole 16+25S and
tertiary hole 16+22.5T accepted 30.1 and 33.2 sacks, respectively, at even
thicker mix ratios before refusal. Only when quaternary holes 16+21.3Q, and
16+23.8Q, were drilled was this area successfully grouted. The reason for
this phenomenon is unknown but either extremely localized subsurface conditions
or undetected premature stoppage during grouting may be potential causes.

4.93 Following the completion of all necessary Zone I grouting in a
particular area, Zone II grouting was initiated. This involved the deepening
of all primsary holes between stations 11+00 and 21+01, with the exception of
outlet conduit holes 14+20P through 14+40P, to a depth of 50 feet. Required
split-spaced secondary through quinary holes were again drilled and grouted to
full depth in one operation based on the assumption that the upper zone had
already been satisfactorily grouted. Analysis of the grouting data indicated
that, like on the west side, the Zone II bedrock was, on the whole, more
permeable. Although the same average rock mass permeability of 0.14 feet per
day was calculated, a larger quantity of grout was injected into this zone,
almost three times the amount placed in Zone I. As a result, this
necessitated a greater degree of split-spacing to satisfactorily construct the
grout curtain. Grouting was deferred for 51 primary holes and 1 secondary
hole, and 493.8 sacks of 6:1 to 1:1 grout were placed in the remaining 49
primary and 27 split-spaced holes. The average take in the grouted holes was
0.2 sacks per linear foot. The higher grout takes probably reflect more
competent, less weathered bedrock with cleaner, more open fractures. The same
non-uniform pattern of' grout injection characteristic of the Zone I holes was
also evident for Zone II. However, the high take 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 quinary holes was necessary to effectively grout two of these
localized areas (see detail "A" on plate 36). Similar subsurface conditions
were encountered during preconstruction geotechnical investigations near the
base of the left abutment. Noticeable water losses during drilling of core
holes DD-16, DD-19, DD-34, and DD-35, began to occur below approximately
elevation 1380. This possible interconnected, permeable zone probably
corresponds to the high take area intercepted during the lower abutment
grouting. The two major high take areas were not very extensive. The first
area, between stations 12+80 and 13+10 near the abutment-core trench
interface, was grouted using a total of 196.6 sacks of 6:1 to 1:1 grout in 15
holes.

4.94 Despite an unexplained deviation from the theoretical pattern of
decreased average grout takes during incremental split-spacing, it was assumed
a satisfactory grout curtain had been placed prior to the drilling of
exploratory core hole 102C. Split-spaced quinary grout holes (12+90.6Q 2 and
12+91.9Q ) on approximate 0.5-foot centers, were necessary to bracket
abnormalfy high-take quaternary hole 12+91.3Q, which took more grout (43.1
sacks) than any other grout except primary hole 13.OOP. However, despite the
close hole spacing, a complete loss of circulation occurred aL 38 feet
(elevation, 1359 foot) in hole 102C (see fig. 5) and 57.1 sacks of 6:1 to 1:1
grout were required to establish refusal. Examination of the granite rock
core revealed a general lack or grout filled fractures below a depth of 34
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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 apparen' ,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+67.5Tf 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 grouL~ng
profile indicated that the water-loss zone ir hole 102C apparently was near
hole 13+00?. Although, hole 13+02.5T could rsc;ve 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 conduc-ted;
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 tne 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+46.3Q,) 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 703C, 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 any one
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+45.6Q and 13+49-6Q 2 were drilled to
bracket quaternary hole 13+'46.3Q1, which took 9.3 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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foundation was remarkably tight. Although secondary hole 16+35S was deepened
to check on the possible deficient grouting of adjacent primary holes 16+30P
and 16+40P, no split-spacing was actually required. Of the 63 primary holes
drilled, grouting was deferred in 44 holes and only 27 sacks of thin grout
were placed in the remaining 19 holes. The average grout take for this 650
foot section was an extremely low 0.02 sacks per linear foot.

4.98 Two Zone III "exploratory" grout holes were drilled for the purpose of
checking the foundation conditions below the established grout curtain

elevation of approximately 1340 feet. The rock mass permeabilities calculated
for holes 15+60P and 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 holes
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 the
deeper portions of preconstruction core holes DD-14 through DD-16 indicate
that similiar foundation conditions would probably have been encountered had
the entire lowest zone been grouted. The expected increase in rock competency
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 exploratory core holes. The unusual high takes evident in
Zone I between stations 16+05 and 16+35 probably indicate a localized network
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 several
prominent open joints in generally moderately hard and moderately weathered
bedrock (see pls. 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 slightly to moderately weathered granite. A comparison with
core holes 10GC and I01C drilled in andesite bedrock revealed more direct
evidence of grout filled 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 stage grouting program, voids and permeable fractures still
existed in the foundation which required the additional injection of
approximately 130 sacks during core hole grouting, and almost 25 sacks during
supplemental foundation grouting.

4.100 Exploratory core hole 104C, drilled to investigate the major shear zone
upstream of the grout curtain, revealed an approximate 30 foot cap of soft to
moderately hard, moderately weathered to decomposed, sheared diorite overlying
harder, less teathered sheared bedrock. Pressure testing indicated the 46-foot
hole was very ight, 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.

50



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:

Estimated Actual
Quantity_ Quantity

a. Mobilization/demobilization 1 Job 1 Job
b. Drilling exploratory grout holes 350 LF 2o6 LF
c. Drilling grout holes 9,100 LF 10,535 LF

Redrilling grout holes 25 LF
d. Pipe for grout holes 500 LF 0 LF
e. Drill met-ups

(1) Grout holes 370 EA 376 EA
(2) Exploratory grout holes 4~ EA 5 EA

f. Pressure testing 175 HR 417.5 HR
g. Grout pump connections 375 EA 213 EA
h. Placing grout 2,500 sacks 2,058.1 sacks

Waste grout -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 requL'ed 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 (L4) 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 14 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 to 2 grout plants. The daily records indicated that thle 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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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. Using the
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 average Zone
I grout take in the andesite rock of 0.08 sacks per linear foot of hole. The
near surface zone of weathering common in the basement complex rock was the
primary reason the upper zone averaged only 0.07 sacks of grout per linear
foot of hole. The average grout take for Zone IT 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 calculated
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 NJew 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 grout curtain with
an even tighter primary hole spacing would have reduced the likelihood of this
occurring but the costs associated with such a program would have been out of
,roportion with the primary function of the dam. In addition, such
alternatives were not considered necessary for a structure without a positive
cut-off.

Outlet VWks

DESMPTlI(N

'4.106 The outlet works for New River Dam, located approximately 130 feet west
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 feet; (2) an open rectangular concrete intake structure;
(3) a '433-foot long cut and cover rectangular concrete conduit, 6.25 feet wide
by 9.5 feet high; ('4) an open rectangular concrete energy dissipator, which
flairs out from 6.25 feet to 31 feet and drops approximately 17 feet in invert
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 trosion
protection. The outlet conduit is capable of releasing up to 2665 ft/s 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 13+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 (pls. 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, frecuently dissect the basement
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rock in this reach. The major shear zone exposed in the upstream transition
zone of' the dam excavation, except in the vicinity of the outlet works,
apparently crosses the conduit excavation at station 19+05. The foundation
bedrock between stations 17+55 and 16+35, except for one large pod of
intrusive igneous rock, is hard, slightly weathered, moderately to highly
fractured, and mostly tightly jointed granite. Large angular rock blocks are
quite prominent between stations 17+55 and 17+25 (photo 76).

Energy Disaipator

4.110 The energy dissipator foundation (pls. 38 and 39) is composed of
basement co.aplex rock of variable hardness and degrees of weathering. Between
the outlet conduit and approximately station 16+00, the foundation continues
to be in the hard, competent granite. However, downstream of station 16+00,
softer and more weathered bedrock is present, despite the greater depth of
excavation. The parabolic slope is composed mostly of irregularly shaped
layers of quartz diorite and diorite with inclusions and dikes of the
intrusive igneous rock while the adjacent flat bottom section is composed
mostly of hard, loosely keyed granite blocks in a decomposed granite matrix.
This variation in rock quality resulted in significant overexcavation of
portions of the energy dissipator (photo 77), necessitating the placement of
183 cubic yards of dental concrete, at the Contractor's own expense, to re-
establish the "B" line elevation.

EXCAVATION

4.~111 The Contractor used both mechanical and blasting methods to excavate
approximately 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, scraping with the
235 excavator, or blasting. Excavation for the intake structure and outlet
conduit was performed using a combination of ripping and scraping while the
bedrock in the deeper energy dissipator and outlet channel excavations was
loosened by blasting. Blasting was performed without the benefit of a
demonstration of the blasting technique to be utilized as required by the
contract specifications so the Contractor was solely responsible for producing
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
problems were encountered which required additional Government directed
excavation to be performed. The soft, weathered bedrock encountered at invert
grade within portions of the energy dissipator and intake structure was
considered adequate to serve as a foundation for the concrete structures.

Mechanical Excavation

4.112 Excavation for the outlet works concrete structures commenced on 12
January 1984 and was completed approximately 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 78). 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 79). 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 out-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) 3ide, 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 Uf
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. Since bedrock was not
encountered in the outlet channel excavation downstream of station 13+60, that
portion of the channel was excavated using scrapers.

Production Blasting

4.115 Since the D9H dozer was having difficulty ripping the hard granite
bedrock in the outlet conduit trench, the Contractor decided it would be more
cost-effective to blast the similarly hard granite exposed by the excavator in
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
responsibility and would be replaced with concrete at no additional cost to
the Government. A "step-drilling" plan, similar to the one used effectively
in the spillway, tas employed to blast the bedrock. Three production blasts
(nos. 5, 6 and 7) were required between station 16+36 in the energy dissipator
and station 13+64 in the outlet channel. According to the blasting summary in
table 6, a total of 5185 cubic yards of rock (approximately 12 percent of the
total outlet works excavation) were blasted using 3387 pounds of ANFO
explosive. This resulted in an average powder factor of 0.65 pounds of
explosive per cubic yard of rock.

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. Controlled blasting
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 encountered in the bottom of numlerous 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 problems during
excavation, as the large tracked backhoe overexcavated portions of the shot,
particularly on the slope, by as much 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 "A" 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, eanb. 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 nio deeper than "A" 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.
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FOUNDATION PREPARATION AND) TREATH ENT

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 "coarse" cleaning was
followed by a more detailed "fine" cleaning using low pressure 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 blow out 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 of 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 depressior~s were also backfilled to
create a level invert surface. Outside the limits of the core trench
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excavation, the cincete was placed directly from the truck chute. Within the
core trench excavation, a crane and hoist bucket were used due to the lack of
equipment access to the conduit excavation. After placement, the concrete was
vibrated and then screed to a uniform "B" line elevation in the leveling slab
areas. In the energy dissipator, the Contractor assumed responsibility for
placing dental concrete in overexcavated areas, including the entire invert
slope, to bring the foundation back up to design grade (photo 87).
Approximately 183 cubic yards of concrete were placed, using a concrete bucket
and crane.

Final Cleanup

4.120 Once any required foundation treatment was completed, wooden bulkheads
for the various concrete structures were constructed. Following installation
of the invert section reinforcing steel, the bedrock or concrete surfaces were
given a final cleaning prior to wetting and placement of structural concrete.
Most of the cleaning could be accomplished simply by low pressure air blasting
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 a satisfactory 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
unsuitable material in localized areas would not adversely affect the
integrity of the invert slab.

WNC2ErK PLOU

J4.121 Between January and March 19814, the outlet works conduit was under
construction. However, due to the extended water curing program for the
conduit con 5rete, 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
19814. 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 difference 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 1H slope out over the core trench
surface (pl. 62); to approximately dam station 114+12 on the east side and dam
station 143+46 on the west side. A total of about 1485 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 appropriace 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 14-inch high grout slurry 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 problemn, 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.

CXWID1JT BACKFIELL

~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 for the energy dissipator and intake structure backfill areas. However,
the excavation between the wing walls and the approach channel sideslopes was
backfilled with lean concrete for erosion protection.

APPIOACH CRAU. GROUTED STORE

4. 126 After the outlet works was completed, subsequent inspections by
Engineering Division personnel indicated the need for grouted stonework within
the approach channel to prevent future erosion and to provide additional
structural integrity of the intake structure. The work was accomplished under
Modification of Contract P00009 at a total negotiated cost of $24,779. The
change included the placement of an 18-inch thick section of grouted stone
from about station 21+00 to station 21+30, with a 36-inch grouted stone cutoff
at station 21+30. To effectively stabilize the approach channel, both the
channel floor and sideslopes, including the 10-foot wide berm above the lower
sideslope on the left (east) side, were covered (see pl. 60 and photo 9).

Spillway

3CRPTION

4.127 The spillway for New River Dam is excavated in bedrock through a
natural topographic saddle approximately 700 feet northwest of the right
abutment of the dam (photo 10). It was designed to retain the SPF while
providing a controlled discharge of the PMF. The spillway, in conjunction
with the outlet works, will pass a peak discharge of 33,000 ft3 /s with 5.6
feet of freeboard. The spillway is trapezoidal in cross-section, with lower
side slopes of 1V on 0.5H and upper side slopes of 1V on 1H, separated by
horizontal benches 12 feet wide at a height of 30 feet above invert. A crest
elevation of 1456.2 feet was established for the concrete sill at station
17+50. A 80-foot maximum cut and excavation of approximately 100,000 cubic
yards of material was required to reach invert elevation. The spillway is
approximately 1325 feet in length with an average base width of 75 feet.
Irregularities in the natural rock slopes resulted in varied bottom and bench
widths. Determination of original side slope angles was based upon experience
in similar rock. However, during excavation, the upper 1V on 0.75H side
slopes were flattened to 1V on iH due to safety considerations. The benches
were designed to reduce the velocity of surface runoff down the slopes and to
catch slope talus before it reached the bottom. The spillway is unlined
except for the control section at station 17+50, which is stabilized by a
concrete sill across the bottom and up the side slopes to the bench. The
spillway plan, profile, and cross sections are shown on plates 58 and 59.

4.128 The geologic conditions encountered at the spillway were essentially
the same as those anticipated from 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 rock classification scheme and a reinterpretation of the
geologic structure of the spillway area. The various lithologic units are
described separately followed by a discussion of the geologic structure.
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Litbologic 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 spillway 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. Tvt1 . The upper, least exposed and farthest downstream member of the

tuff sequence was classified as an ash-fall tuff (Tvtl). 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 well-

sorted nature of the deposit. In addition, the texture indicates this member

has not undergone compaction and welding as have the other members.

b. Tvt_2. Following in sequence is a very small exposure of mottled
salmon-pink to gray, moderately hard and slightly to moderately weathered

lapilli ash-flow tuff (Tvt2 ). This member consists of coarse ash (1/4 mm to 4
mm) and lapilli-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

lapilli fragments and ashy matrix.
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. Tvt 3 . Following the ash flow tuff is another layer of ash-fall tuff
(Tvt3). ; s member, light purple in color, moderately hard to hard and
generally unweathered, is a crudely stratified assemblage of fine to medium
grained devitrified pumice fragments, subangular to rounded volcanic glass
fragments, and quartz and feldspar phenocrysts, with minor amounts of volcanic
rock fragments and mafic minerals. Welding of the component particles is
slight to moderate, 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 stratification is the
result of the degree of welding and the grain size of the pumice fragments.

d. _T_4- The lower, but stratigraphically highest, member of the tuff
sequence represents a moderately welded ash-fall tuff (Tvt 4 ), consisting of
welded pumice fragments with subordinate obsidian glass fragments and
phenocrysts of feldspar, mafic minerals, and minor quartz. The tuff is light
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 coepact glass or vitrophyre.

4.131 FLOW BRECCIA. The approximately 2U-foot thick flow breccia (Tvfb)
unit, exposed in the spillway excavation between stations 13+05 and 13+35, may
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 highly vesicular andesite and
basalt rock up to 2-foot diameter in a reddish cindery matrix. There is no
preferred orientation of the rock fragments or blocks or welding of the matrix
material. Secondary mineralization within the rock has occurred, with zeolite
deposits filling numerous vesicles. The upper I to 7 feet of the present
surface of the flow is soft, friable and highly weathered while the remainder
of the exposed flow tends to be hard, massive 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 of
the spillway between stations 18+90 and 19+50 and locally infills open joints
in the bedrock. This flow is probably contemporaneous with the downstream
breccia unit. The composition of the flows appear to be similar although the
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 the
highest rock unit, the andesite is apparently the oldest rock unit present in
the spillway excavation. The rock is characteristically medium to dark gray
In color, 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 to
mottled purple-maroon-gray in color, more vesicular, slightly to moderately
weathered, and locally brecciated and rehealed. These distinct color changes
may be related to different concentrations of minerals in the rock mass,
secondary weathering, or possible reheating by the flow breccia unit. The
andesite required both mechanical and blasting techniques for effective
excavation. The typically highly fractured, loosely keyed upper part of the
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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 blastiag 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 I 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 N50°W and dips approximately

30°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 (Tvtl) 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 pls. 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 N85

0
E and an average dip

of 80
0
NW. However, within this system, joint orientations ranged from N80W,

55
0
SW to N45

0
E, 40

0
NW.
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4.137 The joint surfaces are generally planar to arcuate, smooth, and
normally clean. Infilling material, consisting of calcium carbonate, and
occasional rehealed breccia, along with minor black oxide staining, is
frequently present. However, joint planes in a near surface "zone of
weathering", which extends down to a maximum depth of about 15 feet in the
saddle 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 conditions to develop in
the rock mass, resulting in frequent rockfalls and bench widths narrower than

the specified 12 feet in some areas. The flow layering which trends N4OW and
dips 300NE, and gives the andesite a noticeably platy character when distinct,
generally parallels the rock contacts.

4.138 No faults were noted in the andesite block flow. However, one small
normal fault, striking N50W and dipping 650 SW, was found to have caused a
4-foot displacement between tuff members Tvt 3 and Tvt4 at approximately
station 12+70. This fault may have been the result of displacement related to
volcanism or to later tectonism.

EXCAVATION

4.139 Since the Contractor planned on using some of the excavated spillway
material during construction, he began excavation soon after mobilizing to the
site. Excavation commenced on 24 October 1983, and continued sporadically
until December 1984, with the necessity for material usage generally dictating
the need for excavation. The Contractor removed approximately 100,000 cubic

yards of material using a combination or ripping and blasting techniques. The
Contractor's selection of' the most suitable excavation technique at a
particular time depended on: (1) the nature of the rock to be excavated,
(2) the availability of equipment, (3) the end-product use of the excavated
material, and (4) the logistics. None of the excavated material was
considered suitable for use as stone protection or in critical areas of the
dam or dike I embankment fills; the flow breccia and tuff, because of its
variable physical characteristics and small quantity available, and the

andesite, because of its potential to undergo extensive breakdown possibly due
to thermal expansion and contraction. However, the Contractor 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.

4.140 The contract specifications relating to the spillway excavation were
written to yield the best possible end-product given a certain set of field

conditions and the Contractor's natural tendency to use the most cost-
effective, although possibly unsuitable (from the Government's standpoint)
excavation techniques. 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 to produce relatively smooth and sound rock 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 the
possible negative effects of the excavation methods utilized on the highly
fractured rock mass, the Contractor conducted 5 demonstrations of proposed
blasting 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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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 IV 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 IV on 0.75H to IV on 1H. Any additional trimming
would only lead to excessive encroachment into the adjacent hillsides. Future
concerns over the stability of a IV 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 Deonstrations

4.142 The Contractor's original blasting plan consisted of establishing
7-foot wide benches below the existing IV on 1H side slopes and then
presplitting on IV on 0.75H slopes down to bench grade. He felt that
presplitting on a IV 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 rook
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 IV 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 this test area would not be representative of the bulk of the spillway
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excavation and requested that the Contractor also demonstrate presplitting
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 demonst tion (blast no. 4a), which
was situated in the saddle area between stations 11+25 and 17+43, on the south
side of the excavation about 25 feet from the toe of the existing slope. In
this test area, the same blast hole spacing and explosives would be used,
except that the 3 rows of reliever holes were not drilled on a 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 shattered the rock around each presplit hole and did not initiate a
presplit surface along the excavation line. Numerous large rock blocks
remained virtually unaffected by the blast and still protruded into the
excavation. The failure to produce a continuous crack between adjacent
presplit holes probably allowed the ANFO-loaded reliever holes to loosen and
otherwise damage the highly fractured rock at and beyond the presplit 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
probibly dissipated the explosive energy from the blast. In addition, the
presplit hole spacing may have 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 fractured rock mass.

4.145 After the two unsuccessful presplit demonstrations, no further 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 Blasting Demonstration

4.146 In February 1984, the Contractor proposed completing the remaining
excavation above the bench on a 1V on 1H slope utilizing a "step-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 an 8 x 8-foot pattern. Each hole would be loaded with ANFO and a
millisecond delay pattern used. The intent of using delays was to protect the

slopes by producing a "free-face" 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, final
grade trimming would be accomplished using a dozer slopeboard. The third
demonstration blast (blast no. 8) occurred on 9 February 1984 between stations
17+00 and 17+48, approximately 61 feet from the toe of the existing south
wall. Although not a controlled blasting technique per se, the step-drilling
plan did produce acceptable results so it was approved by the Government for
use as an alternative to presplitting. The blast did not produce any
overbreak in the highly fractured andesite rock mass but in fact generally
left a I 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 hoies

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 79+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 27 August 1984, respectively). According to the
blasting suimmary 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 hole patterns varied from 6 x 6-feet between stations
13+25 and 14+00 to 9 x 9-feet between stations 14+00 and 18+00. The
production blasting left an approximate 8 -foot horizontal buffer zone
remaining above the spillway invert downstream of station 18+00.

Horizontal Buffer Zone Blasting

4.151 Instead of proposing an invert demonstration shot, the Contractor again
wanted to utilize results of the 3 previous production shots, which were
drilled on a variety of hole patterns. The Contractor felt production
blasting techniques would 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 demonstrate removal of the
4-foot horizontal buffer zone might not provide the control necessary to
preclude overbreak and produce competent rock faces within the specified
9-inch tolerance limits at the final excavation lines. However, the
Government agreed to evaluate the so-called "invert demonstration shots"
provided a section within each blast area was thoroughly cleaned of all loose
rock, and survey controls established so that the effectiveness of the
excavation technique in maintaining grade control and controlling overbreak
could be made.

4.152 Using a Case backhoe and laborers with shovels, an approximate 25 x
25-foot area between stations 16+75 and 17+00 near the spillway centerline was
excavated and cleaned. A grade checker then measured elevations at various
locations within the cleaned area. The subsequent evaluation confirmed the
Government's position. The wide 8 x 8-foot production hole pattern and
variations in hole depth and hole angle resulted in numerous high spots in
blocky, less fractured andesite rock and localized overexcavated areas in
highly fractured to shattered rock (photo 99). The detailed inspection
indicated that a wide blast hole pattern would not produce a foundation
surface which would fall within the 9-inch tolerance limits specified for the
invert.

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
unacceptable results, the wider 9 x 9-foot pattern would also be unacceptable.
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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 19841, 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 spill way t5ench. Trim
line holes were not drilled but 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 09 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 11 diversion levee and also for the Stage I embankmnent
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 bel~d 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.

SPILLWAY SILL

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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sill was to be trapezoidal in cross section, extending across the full width
of the spillway floor and up both 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 the
andesite bedrock (photo 102).

Excavation

4.158 Work on the sill section did not begin until late November 1984, as the
Contractor concentrated on completing the dam embankment closure section. The
Contractor did not drill and shoot the sill excavation as shown on plate 59 of
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 broken
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 the
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, blocky joint structures and,
particularly on the side slopes, adversely oriented joint structures. The end
result was an overall wider and somewhat deeper excavation which required
approximately 2-1/2 times the amount of concrete estimated (photo 105).

Construction

4.159 The spillway sill was constructed as closely as possible to the
original design configuration, although the IV on 0.5H design side slopes were
di'ficult to attain because of the irregularly shaped excavated slopes. Once
the reinforcing steel was installed and the foundation surfaces cleaned of all
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
of pneumatically placed concrete (shotcrete) were used in lieu of poured-in-
place concrete for the sidewalls. The constructed invert section does not lie
flush with the surrounding rock as shown on the contract drawings, but instead
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. The
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 shaped
side slopes varying in width from 4 to 10 feet.

SUflJ AND WEo(SMW

4.160 According to the blasting summary in table 6, 85,298 cubic yards of
material 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 AIFO) to blast the
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rock, resulting in an average PF 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

DESCRIPTION

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 steeply upstream of station 78+65.
The various lithologic units encountered are described separately followed by
a discussion of the geologic structure.

Litbologie Units

4.164 The bottom of the exploration trench between stations 84+75 and 78+50
was mapped at a scale of I inch equals 10 feet. The foundation geology for
dike 1 is presented on plates 43 and 44. What appeared to be 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, moderately to highly fractured, and slightly
weathered. South of station 82+25, the rock is generally a light pinkish-gray
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.
The prinicipal constituents of the flow include fine grained, randomly
dispersed phenocrysts of hornblende, biotite, magnetite, and feldspar in an
aphanitic, glassy matrix. Examination of he feldspar crystals indicates the
rock mass has undergone two periods of crystallization, one at depth and one
during upward movement or emplacement. Scattered and locally concentrated
zones containing abundant lenses and bands of a reddish-brown porphyritic
andesite ranging from 1/2 inch to 12 inches in thickness are present. This
rock contains fine to medium-grained phenocrysts 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 with
sand, gravel and rock fragments. This layer of hardpan appears to be quite
extensive beneath the valley floor in the vicinity of the dike.

Geologic Structue

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,
does not exhibit the uniform strong angular jointing so noticeable in the
abutment and spillway block flows but instead appears to havt undergone
locally extensive brecciation during emplacement (photo 109). Although well
developed joint structures are present, there 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 prominent joint systems: (1) strikin N15°W,

digping 45°NE; (2) striking NSW, dipping 900; and (3) striking N609W, dipping
60 SW. Upstream of station 83+50, there are also numerous joint planes with

near-horizontal dips (averaging 15°NE). 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 N60°W and dipping 30ONE, 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 PREPARATION AND 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 low pressure air. Only the more competent exposed bedrock and/or caliche
was air blown to avoid removing excess material and creating overhangs and
pockets not accessible to compaction equipment. Once the sides were cleaned,
the trench bottom was hand picked of all remaining loose material and air
blown again.

4.172 Following completion of foundation preparation, only minimal foundation
treatment (i.e., dental concrete) was required because of the relatively
smooth foundation surface and the general aaek of extensive open fractures.
Five cubic yards of low slump, 1000 lbs/ini minimum compressive strength
concrete with 3/4-inch maximum size aggregate were placed in small, localized
depressions and on highly fractured to shattered areas containing an abundance
of open fractures. The rock areas designated to receive concrete were wetted
immediately prior to placement and the concrete placed directly via the cement
truck chute or by laborers using shovels. The concrete was then vibrated
where possible to work it into place. Feather edges were avoided and the
concrete surfaces 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 No. 2

CRIPTIH

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
embankment plan, profile, and typical cross section are shown on plate 57.

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

EXCAVATION

4.175 Excavation consisted of strippiZg approximately the upper 6 inches to 1
foot of material with a D9H dozer (photo 112).

FOUNDATION FWARATUR

4. 176 No formal preparation and treatment and geologic marping of the
foundation surface was required because the dike is composed only of pervious
shell materials. After inspection and approval of the foundation by Corps
personnel, the area was scarified to a depth of 6 inches, wetted, and proof
rolled, prior to embankment material placement.
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5. Ebankment 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 embankmnents
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 bedrooc 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 41H 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 placad. 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.o4~ 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 corntacts 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 Sbell Materials

5.05 No special procedures were used in placing and compacting pervious shell
materials at the rock contacts. The materials were spread in 24-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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6. Possible Future Problem

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 periodic 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 stil' 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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6.04 As discussed previously in this report, excavated andesite rock has the
potential to undergo extensive breakdown. The responsible mechanism for this
brea~rdown is still in question. This breakdown phenomenon was first noted
during a 1982 inspection of backfilled preconstruction spillway test trenches
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. This corresponds very closely with the location of
test trench TT-94 (see p1. 18) where the most severe degradation was noted.
During the subsequent final inspection, it was apparent that some of the loose
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
downstream portion of the spillway, it is not known whether other areas will
be similarly affected. During future periodic inspections, the condition of
the spillway side slopes and benches, particularly in those areas where rock
breakdown is occurring, should be monitored closely and any potential impact
on structures like the concrete sill, and fence posts and guard rails near the
edges of the excavation should be noted.
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TABLE 1. CO)NTRACT QUANTITIES

Item Estlimated Unit Actual

No. DtEsciktio Quantity Unit Price Quantity

1. 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 41,1443

(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 r. 150 MnH. $00 1,0
(a) FIRST 1,500 Man Hr. 150 MnH. $00 ,0

(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

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

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

20. FILL, TOE 21,000 Cu. Yd. $ 1.25 15,884

21. FILL, MISCELLANEOUS 245,000 Cu. Yd. $ .40 154,684

22. ADDITIONAL ROLLING 500 Hours $90.00 0

23. GRAVEL DRAIN 9,000 Cu. Yd. $ 7.00 9,000

24. STONE, TYPE I 35,000 Ton $ 5.00 35,000

25. STONE, TYPE II 40,000 Ton $ 5.00 40,000

26. STONE, TYPE III 50,000 Ton $6.00 50,000

27. GROUTING, STONEWORK 1,600 Cu. Yd. $50.00 1,600

28. CONCRETE, CONDUIT 1,400 Cu. Yd. 200.00 1,400

29. CONCRETE, OUTLET CHANNEL SILL 13 Cu. Yd. $100.00 13

30. CONCRETE, SPILLWAY SILL 36 Cu. Yd. $125.00 36

31. INTAKE STRUCTURE I Job L.S. 1

32. ENERGY DISSIPATOR I Job L.S. 1

33. CONCRETE PLUG (LEAN MIX)
(a) FIRST 300 Cu. Yd. 300 Cu. Yd. $50.00 300
(b) OVER 300 Cu. Yd. 100 Cu. Yd. $45.00 100

34. CONCRETE, DENTAL
(a) FIRST 1000 Cu. Ft. 1,000 Cu. Yd. $90.00 1,000
(b) OVER 1000 Cu. Ft. 750 Cu. Yd. $85.00 750

35. GROUT, SLURRY
(a) FIRST 500 Cu. Ft. 500 Cu. Ft. $22.00 500
(b) OVER 500 Cu. Ft. 500 Cu. Ft. $20.00 500

OPTION NO. 1

36a. PORTLAND CEMENT 8,400 Cwt. $7.00 8,400

37. STEEL REINFORCEMENT 240 Ton $700.00 240

38. WATERSTOP 400 Lin. Ft. $9.00 400
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TABLE 1. (Continued)

Estimated Unit Actual

Item Qat Unit Price QuantityNo. 

uniy

39. FOUNDATION DRILLING
AND GROUTING

(a) MOBILIZATION AND
DEMOBILIZATION i Job L.S. I

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

(e) 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
(m) 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 
I Each $1,500.00 6

41. DRIVE GATE 
I Each $1,000.00 1

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

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

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

SHEET 3 OF 4



TABLE 1. (Continued)

Item Estimated Unit Actual
No. Description Quantity Unit Price Quantity

51. 5' CHAIN LINK FENCE 16,000 Lin. Ft. $8.00 16,512

52. GUTTER 4,800 Lin. Ft. $15.00 7,992

53. GUARDRAIL 450 Lin. Ft. $15.00 410

54. LOG BARRIER 38 Lin. Ft. $25.00 40

55. PROJECT SIGN 1 Job L.S. 1

56. HYDROLOGIC FACILITIES 1 Job L.S. 1

57. STAFF GAGES AND MONUMENT 1 Job L.S. 1

58. GAGING STATION BRIDGE 1 Job L.S. 1

59. TOPSOILING 23,000 Cu. Yd. $300.00 22,369

60. LANDSCAPE STONE 11,300 Cu. Yd. $6.00 16,283

61. DESERT GRAVEL 4,100 Cu. Yd. $15.00 4,367

62. DESERT VARNISH FINISH 4,500 Gal. $20.00 4,500

63. CONCRETE STAIN 330 Gal. $25.00 330

64. SEEDING 50 Acre $2,500.00 50

65. PLANTING 1 Job L.S. I
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TABLE 2. GEOTECHNICAL RELATED CONTRACT MODIFICATIONS

Mod.
No. Item Description of Change Cost

P00005 Stage 1 Excavation of core trench from elevation $ 68,227.00
Excavation 1365 as shown on the contract drawings

to elevation 1355, from Station 29+64 to
Station 31+90.

P00009 Grouted Stone Place and grout stone upstream of Intake $ 214,779.00
Upstream Intake Structure, Station 20+99.27 to Station
Structure 2 1+30.

P00010 Stone Protection Contractor was required to significantly $480,000.00
alter borrow processing methods and
procedures in order to obtain adequate
and acceptable Type I and II Stone.

P00013 Observation Wells Install three observation wells at the $ 53,877.00
New River Dam Site.



TABLE 3. OBSERVATION WELL NO. I

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:

0 to 10 ft. Silty sand and boulders
10 to 57 ft. Sand, gravel and boulders
57 to 144 ft. Sand, clay and gravel

144 to 147 ft. Hard rock

Standing water level: 38 ft. (Sept. 1985)
Taped well depth: 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-March 1985
Total depth of well: 138 ft.
Elevation, top of pipe: 1399.7 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. Silty sand and boulders
20 to 32 ft. Sand and gravel
32 tO 47 ft. Loose sand and gravel
L47 to 95 ft. Sand, clay and gravel
95 to 113 ft. Sand, clay and loose rock

113 to 134 ft. Sand, clay and rock
134 to 138 ft. Hard rock

Standing water level: 45.5 ft. (Sept. 1985)
Tape well depth: 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 pipe installed: 150 ft.

Drillers Log:

O to 36 ft. Silty sand and rock
36 to 42 ft. Heaving sand and rocks
42 to 48 ft. Sand and hard rock
48 to 49 ft. Hard rock
49 to 53 ft. Clay and hard rock
53 to 145 ft. Sandy clay and gravel

145 to 155 ft. Hard rock

Standing water level: 132.5 ft. (Sept. 1985)
Taped well depth: 150 ft. (Sept. 1985)
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TABLE 7. FOUNDATION GROUTING

(notes)

1. Grout hole series are designated by P, S, T, Q, and Q2 .
P = primary grout hole; S = secondary grout hole; T =tertiary grout hole;

Q,=quaternary grout hole; Q2 = quinary grout hole.

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

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 III on 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+50t 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).
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TABLE 8. FOUNDATION GROUTING SUMARY

(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; Q, = quaternary grout

hole; Q2 = quinary grout hole; E z 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 N77

0
E.

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 (Hw) plus the water pressure at the top of
the hole (H ) in feet H is determined by multiplying the gage pressure by
2.31. For W size exploratory grout holes and core holes, the formula is:

K = (30.64 in 8L) (Q)
(U) (Ht)
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TABLE 8. (Continued)

10. Permeabilities (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 permeabilities 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 "d".

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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(STA. 31+28.5, 6L)

CORE WATER ROD

DEPT- LOSS RETURN % EL 1354.9 DESCRIPTION

6
,65 ANDESITE (Tra): medium to dark gray, hard, generally unwealheeGd

36 aphanitic, moderately to highly fractured, numerous shattereu-  
to brecciated zones from 2 to 12 inches thick between 10 anc

50 60 feet; fracture surfaces are smooth to moderately rough
- generally coated with black oxidation or reddish-brown to
22 green clay; heavy clay coating between 0 and 3 feel. light
0 clay coating between 3 and 15.5 feet and sporadic clay coat

24 Ing below 15.5 feet; calcite lined fractures present below 43

66 feet; fractures dip predominantly 45 to On degrees tto tne

fhorizontal; 3-inch wide brecciated and rehealed llacture d
47 ping 70 degrees between 42.1 and 44 0 feet: rout and clay

present along maximum I 4-inch wide fracture drpprng 60 de

31 grees between 61.6 and 62.2 feet.

23

00% 0

64

29

12

17

43

- 3466.6' - - - I -- I

NOTES:

I. Total Core recovery 85 percent.

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

FIGURE 3. LOG OF EXPLORATORY CORE HOLE IOOC-
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(STA. 29+79, 5.5' L

CORE WATER ROD
DEPTH LOSS IREfURN % I 1353.5 DESCRIPT iON

0
ANDESITE (Tva) medium to dark gray, hard, generally Unweath-ered, aphanitic, highly fractured to shattered between C and

0 33.2 feet; moderately to highly fractured below 33 , leer. ap
proximately 25 percent of the core is shattered to bieccialed
in zones from I to 12 inches thick; fracture surfaces are
S mooth to moderately rough, generaly coated with black oxida
tion or reddish-brown to green clay; heavy clay coatin., be-

tween 0 and 7 feet, light clay coating between 7 and 61 feet,
31

clay absent below 5) feet ' fractures dip predominantly 45 to
80 degrees from the horizontal; grout and clay partiatly to

19 completely fill fractures of various orientations in highly
fractured to shattered core between 48 and 52 feet grout

filIs f/8-inch wideB0 degree dipping fracture between
29 55.2 and 55.4 feet, grout partially tills 1/8wide,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

100% between 56.5 and 61.1 feet.

40

9

79

0

4B

53

32

66 .4 ' 
-2

NOTES-

1. Total core recovery 99 percent.

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

FIGURE 4. LOG OF EXPLORATORY CORE HOLE IOIC.



102C

(STA. 12+78.5, 1.5 L)

CORE *ATER ROD

DEPTH LOSS RETURN % EL 1397.3 DESCRIPTION

GRANITE (gr): light-gray to reddish-brown, meltium to coarse0 grained, hard, moderately to highly fractured, slightly weath-
33 ered: moderately soft and highly weathered between 4.3 and 5.2

feet; shattered to hrecciated between 0 and 3.5 feet, scatter-
ed highly fractured to shattered zones from 0.1 to 2 feet

43 thick throughout core; possible inch wide shear
zone dipping f0 degrees from the horizontal compoeRn

44 of decomposed gran ite between 27 0 and 21 .3 feeI
- ( fracture surfaces are generally smooth and occas)on-

0/0 27 ally rust stained or calcite linedfractutes dip
predominantly 40 to 90 degrees from the horizontal

Veto %-inch wide seams of grout partially to com-

28 pletely fill approximately 50 percent of the frac-
tures between 22.1 and 30 feet;/e-inch wide seams of
grout completely fill fractures between 32.4 and

51 33.8 feet.

20

38.3'
0% 29

4 1.9'- 1

NOTES:

I. Total core recovery 88 percent.

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

FIGURE 5. LOG OF EXPLORATORY CORE HOLE I02C.
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(STA. 13 +29, 2.7' L

CORE WATER RQD

DEPTH LOSS RETURN % EL. 1393.0 DESCRIPT 1O

0 GRANITE:(gr). light-gray to reddish-brown,medium to

38 coarse grainedmoderately hard to hard,moderately
to highly fractured,slightly to moderately weathered

22 highly fractured to shatteredmoderately to highly

weathered between 0and 2 3 teet' scattered highly

fractured to scattered zones from 0. to 2 feet thick
100% 38 throughout core; fracture sur faces are genera Iy

- smooth and occasionally rust stained or calcite I ned,

fractures dip predominantly 30 to 80 degrees from the58
horizontal;'/eto j-rnch wide seams of grout partially

to completely till approximately 50 percent of the

68 fractures between 18.2 and 45.0 feet,occasional
23.5'- - calcite also present: -inch (m', irmum ) wide grout

filled fracture dipping /5Wbetweei 23.7 and 24.5 feet;
30% 84 i-inch wide grout tilled fracture dipping 10 degrees

29.2'- at 40.4 feet and 1-inch wide brecciated and renealed

100% 71 zone dipping 60 degrees between 41.8 and 42.4 text
filled with grout and ca ci te.

34.3 - -

36.3' 30% 337.8' -
70~

100%/
6

45.0'

NOTES:

I. Total core recovery 93 percent.

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

FIGURE 6. LOG OF EXPLORATORY CORE HOLE 103C



104C

(STA. 17+49, 20' L)

CORE WATER ROD
DEPTH LOSS RETURN % EL 1373.3 DESCRIPTION

0 SHEAR ZONE: contains soft to moderately so t,hirghly

o weathered to decomposed,occasionally rust-stained

0 diorite, occasional red clay seams,haid nodules ol

fresher diorite and slickensides.

0

8

15.7 DIORITE(d): medium to whitish-gray,medum to coarse

24 grained. soft to moderately haidmoderately tc h -

ly weathered,highly fractured to shattered hetween

100%o 15.7 and 33.0 feet; moderately hard to hard,slihtIy

22 to moderately weathered moderately to highly frac-

tured between 33.0 and 43.7 feet; fracture surtaces

are generally smooth and usually coated wr th calc Ite,

rust sta ning, Or clay;sl ickensides frequent Iy resent

fractures dip predominantly 30 to 70 degrees from the

22 horizontal.

SHEAR ZONE; contains yellowish-brown,hard,highly

28 horizontal sheared diorite; thin shears dip 70

degrees from the horizonta I and a re spaced Va to !-

inch apart: rock is dark brown,alteredhard,bre-
43.7' 58 cciated and reheated between 45.1 and 45.6 feet.

45.6'

NOTES:

I. Total core recovery 64 percent.

2 . See table 8, Foundation grouting summary, for

pressure test and grouting data.

FIGURE 7. LOG OF EXPLORATORY CORE HOLE 104C

.0,



CAMLOCK HOSE FITTING

I" I" " 1/2" TEE FITTING

BLEEDER VALVE

GAGE SAVER

, PRESSURE GAGE

BYPA6 VLVECAMLOCI\ HOSE\ ITTING

RETURN r SUPPLY

CAMLOCK HOSE "-STREET ELBOW (90*)
FITTING A

PLAN/vI P.--PRESSURE GAGE

GAGE SAVER

BLEEER VLVESUPPLY VALVE

SECTION A

DIRECT GROUTING HEADER
NOT TO SCALE

FIGURE 8.
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Final excavation ine 
-

zone

STEP- DRILLING PLAN

I . Drilled 8'x8' pattern, hole depths varied from

6 to 20 feet.

2. Slope holes drilled to within I foot above final

excavation line
3 Poduction holes drilled down to bench elevation

4 Holes loaded with Atlas ANFO with I stick of

I 3/4" x 8" Atlas Power Primer in bottom of each

hole.

5. Shot delayed in following order (E through A) with

millisecond delays.

FIGURE 9. APPROVED SPILLWAY BLASTING PLAN
ABOVE BENCH
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Final excavation line

TRIM BLAST PLAN

1. Drilled 6'x6', 8'x8' or 9'x9 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 spacingi
however, the burden was generally 6 to 7 feet. Hole depths
averaged II feet and drilled to within I foot above
final excavation I ne.

4. Production and breaker holes loaded with ANFO with I stick
of I 3/4" x 8" Atlas Power Primer in bottom of each hole.

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

delays.

7. Invert buffer zone shot using plan similar to figure9 . Holes
drilled on 6x6 foot pattern with I foot of subdrillnig.

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 1989



Photo 3. Landscaped downstream face or dam embankment as

viewed from spillway access road. 20 March 1985

t

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

J 
A



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
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Photo 7. Looking upstream at energy dissipator and down-

stream face of dam embankment from gaging station 
bridge.

20 March 1985

Photo 8. Approach channel to intake stricture as viewed from

crest of dam. Note ditch to intercept slope runoff at right.

19 April 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. View of completed spillway excavation looking
upstream. 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

i

- m I~i• .
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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. I
embankment Looking toward south abutment, 20 March 1985



Photo 15. Downstream face of dike No. 2 embankment.
20 March 1985

A-

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 17. 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. View 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+8 5 and 15+25. 7 February 1984



Photo 27. Looking downslope from top of left abutment at

major shear zone paralleling dam axis. Note shear zone
confined mostly to upstream transition zone to right of paint
strioe 14 March 1984

-' .: .:7 7-7 ,7 7 7 " . <

Photo 2P. 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
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Photo 31. Typical example of tight to mostly calcium
carbonate healed blocky joint structures in granite rock
mass, vicinity of core trench station 1P+50.
14 March 1984

47

Photo 32. Typical example of strong subparallel to wedge
shaped jointing in andesite bedrock, vicin-ty of core trench
station 30+50. Joints generally strike N1O

0
E, dip 900.

11 February 1984



K.f

Photo 33. View of right abutment prior to start of Stage
III construction. Note highly fractured, blocky nature of
andesite rock mass and well-defined layering which dips
obliquely upstream (toward lower right of photo).
26 September 1984

.i t
Photo 34. Joint (striking N50OW, 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 of completed SI.;ge I core trench excavation and
right abutment. Note backhoe trench in frreground.
8 Feburary 1984



Photo 37. Stage 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 1190C
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

v4-

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

WAA

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



to

Photo 51. Foundation preparation of right abutment surface
using high pressure air blasting. Note excavator working

on south side of Stage I core trench. ?1 December 1983

Photo 52. Founc-tion preparation of Stage I core trench

surface using backhoe and hand labor, vic-nity station 30+00.
Note darker colored rock is agglomerate cap. 6 January 1984
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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 55. Stage I core trench, vicinity station 31+50,
after completion of required surface treatment. Note large
areas of dental concrete. 11 February 1984

Photo 55. 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
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Photo 59. Placing dental concrete on right abutment slope
using concrete bucket. 2 October 1984

t

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
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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

' oe. . i li



Photo 63. Initial foundation preparation of left abutment
surface using low pressure air blasting. Note 235
excavator on left. 6 January IQ84

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

:A L

* Ati

Photo 66. Stage 11 core trench foundation preparation.

Laborers removing alluvial materials 
loosened by backhoe

from bedrock scour channels. 26 March 19d4



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 f-atten 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 channcls incised in
granite bedrock, station 19+65. View looking upstream.
29 March 19814
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Photo 71. Stage II core trench scour channels between
stations 19+10 and 18+10 backfllled 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
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Photo 73. Drilling first zone of primary grout hole 30+OOP
using air track percussion drill. Air-water mixture used
as circulating nedium. 10 January 1984

.0.-

-K'

Photo 74. Air track drilling first zone oi secondary grout
hole 32+34S 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. Niote 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
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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

qAE -

Photo 78. 235 excavator scraping off loos.ned rock from
surface of outlet conduit trench. Note relatively level
surface (where laborers are walking). 16 January 1q84
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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 prw-paration. Note
laborer jackhammering 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

14

Photo 84. Foundation preparation of outlet conduit excavation
using backi.oe and hand labor. 18 January 1984

Y •



[j, i o I

AA
"JN." " -' ' - i"

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 brr used for
leveling surface of slab. 2 January 1984
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Photo 87. Looking upstream at dental concrete placement on

energy dissipator slope. 20 March 1984

A~. rj

4 '

Photo 88. Final cleanup of energy dissipator foundation by

low pressure air blasting. 20 March 1984
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Photo 89. Hand picking loose rock from foundation surface
underneath energy dissipator rebar lattice. 20 March 1984

"4,'4

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 :.ore 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

Af
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Photo 93. Completed concrete plug on east side of conduit.

Concrete spills outside plug limits were subsequently
removed. 26 April 1984

NO

...........

Photo 94. View of downstream north wall of completed spill-
way excavation showing layered volcanic sequence which dips
30°NE. Note massive flow breccia separating fractured

andesite (on right) and tuff units. Alluvium exposed near

edge of photo on left. 29 November 1984
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Photo 95. Typical example of strongly jointed andesite
flow exposed in north wall of spillway excavation, vicinityv
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 N750E, dipping 450NW) exposed In north wall of
spillway excavation below bench, vicinii-v 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

i~

Photo 98. North side of spillway excavation after production
shot No. 9 down to bench excavation. Note 1 to 2-foot buffer
of rock left by step-drilling blasting technique which was
subsequently removed to grade using dozer slopeboard.
9 March 1984
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Photo 99. Spillway test area excavated and cleaned tc 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

4 .1

. Photo 102. Outline

of sill section, south
A' wall of spillwav

excavation. Note
, irregular slope and

highly fractured

andesite rock mass.
31 October 1984

t



Photo 103. Excavating

spillway sill at station
S 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~

sill section, north

/mass. 29 November 1984

M4



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

.... -.-W" -: . .,,

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 I85

1,... + : -_ _-

. Photo 108. Slope
failure along arcuate

~ dip-slope joint plane
A d. in spillway south wall

-.,at station 15+75 has

- reduced bench width to
only 7 feet. 20 March

-, . "1985

06 -. . .
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Photo 109. Dike No. I e,:,ploration trench, station 81+25.

Note coherent andesite blocks on both sides of photo with

calichificd andesite breccia toward center.

22 January '984

Phcto 110. View of dike No. 1 exploration trench excavation

looking north from south abutment. January 1984



Photo 1i1. View of dike No. 1 cor'plcted exploration trerch

excavation looking ,out1 h frcm station 13+00. Note widespread

caliche. 25 Fcerua-v t984

AA

Photo 112. D lk e INo. Kfounja:Ition after stripping.
6 February 1984
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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
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exapleofrock-core

4i. cntac on1ef~t abutment
"01 (pproxmateelevation

147.Wheel rolling
oematerial prevented
frcue ranitjc

bdoksurface by
tmigroller. 5 July
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Photo 116. Five foot high ramp of' core material against
right abutment 3lope. 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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L E GEN 0
QUATERNARY:

QOal OLDER ALLUVIUM : Flood plain,alluvial fan and valley fill deposits, Typo VOLCANIC PORPHYRITIC AOESITE pinkish-
residual soilcolluvium and slopewash; clay,silt,sand,gravel,cobbles and bands,haid,slightly weatheredtyprca

and occasional boulders: poorly to well consolidatedlocally caliche ly blockylocally hrecciated and reheale

cemented. pinkish-grayplaty, moderately hard and

TERTIARY: PRECAM BRIAN:

Tvt1  VOLCANIC ASH-FALL TUFF: light pink to salmon pink,moderately soft to in INTRUSIVE ROCK: includes podslenses ani
moderately hard,moderately to highly weathered; well sorted fine to to reddish-black apharritic granitic rock
coarse grained ash consisting of glass,pumice and volcanic rock frag- weathered, laIally riecciated and reheale
mentscrudely to well stratified.

Tvt2  VOLCANIC LAPILLI ASH-FLOW TUFF: mottled salmon-pink to gray,moderatelv

hard,slightly to moderately weathered: unsorted and non-stratified qr GRANITE. light-gray to redJdisn-browri. e

coarse ash and lapilli size fragments of glass,volcanic rock and pumice hard to hard,typically hrghly tra r:

in an ash matrix. weathered, locally sherp! in litere,.

Tvl 3  VOLCANIC ASH-FALL TUFF: light purple, moderately hard to hard,generally
unweathered,slightly to moderately welded; crudely stratified,fine to q dUARTZDIORITE mei t o a ii Ftav
medium grained ash consisting mostly of pumice and glass fragments. to hard, typically highly rac!,ec. .

sheared and altered.

Tvl14 VOLCANIC ASH-FALL WELDED TUFF: light purple to purplish-red,hard,

generally unweathered,moderately weldedwi th bands of fine to coarse d DIORITE: medium tO whi tish ziay.'ed
grained ash consisting mostly of glass and pumice fragments, to hard, typically highly fractured.var1,

altered.

Tvto TUFFACEOUS AGGLOMERATE: mottled grey to pinkish redmoderately soft
to moderately hard,moderately to highly weathered; unsortednonstrati-

fiedangular volcanic fragments in a vesicularglassy matrix.

<" V Strike and dip (in degrees) of vertical
Tvfb VOLCANIC FLOW BRECCIA: reddish-brown,crumbly to locally hardmassive,

moderately to highly weathered; angular to suhrounueo vesicular
andesitic to basaltic scoria blocks and lapilli fragments in a cindery 4 Strike and dip (in degrees) of individua
matrix; some secondary mineralization. 70

N 75 W
Tvo VOLCANIC ANDESITE: medium to dark gray,hard,generally unweathered, 85N Strike and dip of joint or layering in s

aphanitc,occasional flow banding,typically highly fractured,platy
to blocky; andesite near flow breccia contacts is brownish-purple m o c iw
to mottled purple-maroon-gray,slightly to moderately r:eathered, Inli led open fracture (w ths shown)in
locally brecciated and rehealed.



pirkish-giey with reddish-brown lenses A . >. Scour channel incised in bedrock.
red .typirally highly fractured,occasional- " '

inr rehealed. upper part of flow is light ?
I nrd and moderately weathered. * Contact between geologic units,dashed whereSapproximate, queried where uncertain.

90
h hard

. Contact, show ing d ips. mh moderat ely hard1 lenses and dikes of a medium-gray to black 40 Cw m oderate y hard
ms moderately soft

itic rock; moderately soft to hard,variably ....,s.soft
and rehealed with clay gouge. . Shear zones,showing average dips s sof t

eo uw unlgt weathered

sw sIghtly weathered

"ffj Shear zones,showing average dips. mw nonerateIy weathere d
AK' so ow h ighlIy we t h e redn-brow,medium to coarse grained,moderately 90 sl sIgh tly Iractured

fractured and blocky,slightly to moderately Fault (?), showing relative horizontal mt moderate fractured
altered. ' movement, hi highly fractured

'-sh shattered

:5 Strike and dip ( in degrees) of joint or b hr brecc ia ted, breccia
60 60 joint set. hI blocky

ir,. gray,fine to medium grainedmoderately hard pI pIaty
.fred,slightly to moderately weathered locally . Strike of vertical joint Or joint set. sz shear zone

rj indistinct joints

rs rust stained

Srike and dip ( in degrees) of layering. ss sIlickensides
*ied ri to coarse gra,nedmoderate)y soft 40 shrs shears

. ed~varlably weathered; locally sheared and cg clay gouge
Strike and dip ( in degrees) of dike.

70cc ca cium carbonate
dg decomposed granite
y/b ye low-brown

j n t(s) ioints)

ind indistinct
m mass Ive

f vertical dike rib red-brown
c clay

ndividual shear. GENERAL NOTES

See PIa tes 29 through 33 and 37 through44
infng in spillway wall. for geolagic maps of dam foundation,

outlet works,spillway,and dike no.1

GILA RIVER BASIN
2. See Plate 6 for additional legend. PHOENIX, AZ. AND VICINITY I INCL. NEW RIVER)v showni in spilltway wall

3. Soil classificationsshown on geologic NEW RIVER DAM
maps are visual.

4. Rock classifications shown on geologic LEGEND AND GENERAL NOTES

maps are generally based on petrographic
analyses.

U.S. ARMY ENGINEER DISTRICT
LOS ANGELES CORPS OF ENGINEERS

FOUNDATION REPORT PLATE 28
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"DR-I Crelsen (pneuatolvtic altered alkal-feldspar or granite)

MACROSCOP IC

Tlh sample is dark gray (!resh) to medium gray (weathered) with calcite costing up to 2m
trick, 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 quartzplagioclase 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. 1-21 aegirine-augite, and trace of magnetite. The sample represents
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 aeglrine-agate show solution etching forming irregular masses
scattered throughout the sample. Quartz has been severely etched and has been redeposited
is smaller anhedral equigranular grains bounded by plagioclase, alkali feldspars, and biotite.
re suhhedral 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 simple is medium gray (fresh) to vhitish-gray and medium gran (weathered), relatively
fresh and well indurated. The principle constituents include medium to coarse grained
interlocking crystals of quartz, plegioclase feldspar, hornblende. and biotite. The rock
is massive, hard, and shows no fracturing. The quartz, plagiloclane, and biotite give the
rock a mottled appearance.

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

I I I I i II



capased e 5
ftntially tit medium to coarse grained,anhedral to euhadual intetgranuli5 crystals

ci epaias 60-702 plagiocl-a- feldapar of nealne coPosltin 5-0o t anhedrAl, o l

undaiate quartz. 20-251 subhedral biotite. 10-15? aubhedral to euhedrai horblelde, and

minor ¢diovoP xene, zircon. chlorite, sphene. The sample 4s a ehola is relatively fresh

with no alternation of the feldspars or mafic minerals. The plagioclas feldspars are

haracterited by interlocking medium to coarse grained elongated aubhedral to euhedral laths.

al A content of approxl1e-Y 15-221. The plagioclast laths are interlocked with anhedral

grains of quartz which foram inttrganular &esea. 
The tafiC fnd accessory mineral 

are

associated together and 
form lenticulayte 

throagho
u t 

the sample. 'Yellowish-brown to

brownlsh blotite and greenish 
hornblende are 'P It preserved 

as subhedral to euhedral crystals.

Zircon. sphene, and clinopyroxent from 
minor constituents of the hornblende-biotite masses.

,RD-1 uartrtch granitoid kdike rock)

MACROSCOPIC

Tie sample is medium gray 
to black (fresh) to light gray (weathered), sphanitic, 

%assive.

sod generally hard. 
There is no preferred fracturing 

ortienttion and contains scattered

large crystals fn the aphanitic host rock. The larger crystals are light gray and are

laghhedral In shape. Te oriripie constituents include very fine grained crystals of

quartz, hornblende, and biotite.

MICRoSCOF:C

tasple consists Of anhedral to suthedral, eqligranular (o the same olOC) crystals of

ap.rCxCateiv 4-"
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aftedral quartz. 30-40% gree
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ish, anhedral to 5 ubhedtal ornblendet
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Includes: the high amount of quartz,

slight prferred orientation 
of mineral grains. the small grain site suggesting rapid cooling

as coiared to the currourding ianeou., rock, and the igneous-like texture.
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yMs.;OdCCPIC

,The sample is light gray (fresh and 
weathered), moderately 

westhered. and moderately hard.

The principle constituents 
include medium to coarse 

grained interlocking crystals 
of quartz,

plagioclasi. microcline, 
and minor amunt of biotite. 

Calcite comonly coats 
the weathered

Sur face of the sample. The granite contains numerouas 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, enhedral quartz, 40-50% 
alkali feldspar, chiefly 

microcline, 15-20% plagioclase

feldspar of albite composition, 0-5% 
yellOwish-broen to brown 

biotite and colorless

muscovite. and accessory minerals consisting 
of magnetite. iirton, and allanite (epidote gr'uo-
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The sample as 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 felapar grains. The dominant alkali feldspar is
subhedrel to euhedral microcline with grains reaching 8mm, and exhibits partial replacement
by muscovite and sericita. Albite is 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 s-Olme.

NRD-5 Porphyritic Andesite

MACROSCOPIC

The sample is pinkish-gray (fresh and weathered), exhibits little weeathering 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 exhfbits concentric weathering the glassy matrix, as the glass along the concentric
fractures have weathered more rapidly leaving a hilly topgraphy. The phenocrysts are randoxly
oriented and are dispersed randomly throughout the sample.

MICROSCOPIC

Sample consists of sobhedral to euhedral, fine grained (.2-1.0=) phenocrysts of plaglolas-,
nornblende, biotite, and magnetite in a perlitic glassy matrix. The perlitic te ture is
breakage along concentric shells which is in response to hydration of the glass and its
onsequent expansion. The phenocryst composition is b5-752 plagioclase feldspar mainly of

oligoclase composition (An 5-10), 0-5% alkali feldspar (orthoclase), 15-20% subhedral to
euhedral brownish oxvhornblende (basaltic hornblende), 15-20% brownish euhedral biotite, an i
0-SZ euhedral magnetite. The plagioclase feldspar phenocrysts occurs as zoned and unoned
twinned crystals. This would suggest that the rock had undergone two periods of crvstallzlztion
nie unzone pligloclase would represent crystallization at depth, while the zoned plagloci-se
would represent crystallization during upward movement or at eruption. Horblende Is yellow-
brown to reddisb-brown. forms euhedral crystals and is associated with subhedrai rcwn ih
biotite. Magnetite occurs as subhedrel to euhedral ( .lmm) sparsely scat~erea throughout t'C
sample.

NgD-6 Porphyritic Andesite

.AtACYSCOPIC

Tle sample is reddish-brown (fresh and weathered) exhibits little weathering and is moderately
hard. ne priciple constituents include large (medium grained) whitish phenocrvsts of
plagioclase, fine grained euhedral phenocrysts of hornblende, biotite, and magnetite in an
altered glassy matrix. The phenocrysta are randomly oriented and are dispersed randomly
through the sample. There are several fractures filled with whitish chalcedony/agate material
ranging up to several mm thick.

MICR)SCOPIC

Sample consists of subhedral to euhedral, fine to medium grained phenocv,'sts of plagioclsse.
common and oxyhrnblende, biotite, and magnetite in an altered glassy matrix. The phenocrysts
composition ',a approximately 60-65% subhedral to euhedral plagioclase feldspar mainly of

3I



andesine composition (An 15-20), 2-3Z comion euhedral green hornblende. 5-6% subhedral to
euhedral, yellowish-brown to reddish brown oxyhornblende (basaltic hornblende), 20-22%
brownish subhedral biotite, and 4-62 euhedral black magnetite. The plagioclase feldspers
phenocrysts occur as both zoned crystals and as single unzoned elongated laths up to 3m
as in NRD-5. Biotite is subhedral, brownish in color and as in the hornblende phenocrysts
never exceed 1m In size. NagnetIte occurs as subhedral to euhedural phenocryst up to
.
4
,mw sparsely scattered throughout the sample.

NOTE: Samples NRD-I 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-l is the postmagnatic alternation of NRD-2.
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DATE SPD LABORANTORY

Z9 JAN 1984
GENERAL TEST REPORT S------------------------ORPS Of ENO EN(ERS, US ARNY

DISTRICT
LOS ANGELES SAUSALITO CALIFORNIA 9 "96

PROJECT CONTRACT No. bORK -RDE-R NO. - DATE

NEW RIVER DAM 24 DECEMBER 1984
FETRO ANALYSIS E86 85 O026

UNIT COST DATE SAMPLE RECEIVED LABORA4TORY N.

1 00 27 DECEMBER 1984 NRD- 7 TO 15

DESCRIPTION SORCE
PETROGRAPHIC ANALYSIS NEW RIVER DAM

CIF VOLCANIC ROC SUITE PHOENIX. ARIZONA

PET ROGR --ER

FETER ALMENDINGER/JON ASSELANIS

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 m 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 m and anhedral subrounded crystals of pigeonite and rutile. There Is no
alternation of the groundmass. Approximately 65-702 of the groundmass is composed
of plagioclase feldspar with the remainder 30-352 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.

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



MICROSCOPIC

The breccia consists of approximately 60-702 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 glass, fragments of andestic and basaltic
lithologles, 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 groundmaas has been
replaced by muscovite.

NRD-9 Vitric Ash-fall Welded Tuff

MACROSPOPIC

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

" lis sample represents a moderately welded tuff consisting of uncollapsed,

collapsed, and welded pumice fragments with subordinate obsidan 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 indicates 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
minLmal, only occuring along fragment boundries. The welded tuff has an andesitic
composition based on the phenocryst population of 80% plagioclase feldspar,
I0 alkali feldspar, and 10 mafics.

RD-IS 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 elougated 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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MICROSCOPTC

Consists of approximately 50-60% devitrified flattened non-collapse to completely
collapsed pumice fragments, 20-30% subangular to rounded fragments of non-
devitrified volcanic glass exhibiting perlitic texture. 10-20Z phenocrysts
of plagioclase and alkali feldspar, quarts, minor mafic and miscellaneoua
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
phenocryat 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. Devitrifi-
cation is slight to moderate with the formation of devitrification products such
as plagioclase feldspar and crlstabolite Intergrowths absent.

NRD-1 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
I m mo 21 mm in size. Sample is moderately hard and strong and shows -little to

moderate weathering. Surface varnish is yellow-orange in color along with
dendritic pyrolusite (Manganese Oxide). Texture indicates slight welding of the
ash matrix.

MICR0)SCOPIC

Consists cf 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
phenocrvsts 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 o: the lapilli fragments and ashy matrix.

N5D-12 Rhyolitic Ash-Fall Tuff

MACROSCOP IC

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 andeslte 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.

. , - - um I3



MICROSCOPIC

Consists of non-flatten, slightly to severely devitrified pumice fragments,
non-devitrifled subrounded to rounded glass exhibiting perlitic fracture
patterns. The sample is composed of approximately 65% pumice fragments ranging
from non-deformed, non-devitrifled to highly contorted, devitrifled with pore
spaces completely collapsed, 25% perlitic, non-devitrifled 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 chat 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 breccla.

NRD-14 Rhyolitic Lapilli-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 plagloclase. Sample is very hard and strong, and
shows moderate weathering. The flow consists of .5 to 2.0 m 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 microlires of plagioclase feldspar, biotite and plagioclase
feldspar phenocrysts.
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7The Earth Twhnalogy
Corporaion

3116 West Thomas Road. Suite 601 . PO. Box 14570 Phoenix, Arizona 85063
Telephone: (602) 269-7501 Telex: 656338

January 23, 1984

U. S. Army Corps of Engineers

New River Dam
P. 0. 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 Bob 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:

o Atterberg limits

o Grain size distribution

o S.C.S. double hydrometer dispersion test

o Saliniry, 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 #40 size material to

screen out rock fragment contamination picked up during sampling.

Soil descriptions and sample locations are presented below:



New River Dam Page 2

Project No. 84-164-01

Sample No. 1:

CLAY (Cl), 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 (Cl), 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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LABORATORY TEST RESULTS

ANDESITE FRACTURE FILLING AT NEW RIVER DAM

S.C.S.
Double

Atterberg Soluble Soluble Hydrometer

Sample USCS Limits Salinity Sulfates Chlorides Dispersion

No. Location Soil Type LL PI (mmhos/cm) (ppm) (ppm) (M)

1 Sta. 29+90 Clay (CU) 96 64 0.75 127 74 13.7

R 12 to 20'

Z Sta. 30+ZO Clay (CH) 102 65 0.90 136 82 16.2

L 22'

3 Sta. 30+70 Clay (CH) 110 74 1.50 165 94 20.5

R 10 to 25'

4 Sta. 30+90 Clay (CH) 115 73 0.65 148 84 18.2

L 12 to 29'
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DEPARTMENT OF THE ARMY

SOUTH PACIFIC DIVISION, CORPS OF ENGINEERS
LABORATORY

:EPt. TO P 0 BOX 37, SAUSAUTO, CALIFORNIA 46

SPDED-DL M nAR ]

SUBJECT: New River Dam Arizona

Commander
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 referencc a received on 13 February i981.
Identifiction of samples is on inclosed plate.

2. Pinhole Erosion Test and Atterberg Limits tests were performed on

the above samples in accordance with Engineer 1Ianuarl, EX 1110-2-1906,
"Laboratory Soil Testing", 30 November 1970.

3. Soluble qalt 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 CO>tLNADER:

kL..j c 2L_
1 Incl (trip) MELVIN W. COHEN
as Director, SPD Laboratory
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