
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Chandler: Phone (602) 961-1169, Fax (602) 940-0952 • West Phoenix Phone (602) 437·5450

The site is relatively flat, sloping gently down to the south. Vegatat;ve ground

cover consists of scattared areas with shrubs and small trees.

In accordance with your request, we have performed geotechnical services at the

subject site to determine subsurface conditions and to develop design

recommendations for proposed bridges and pipeline crossings over the AGOC at the

Squaw Peak Water Treatment Plant, which is located north of the Arizona Canal on

the west side of 24th Street in Phoenix, Arizona. The services performed provide

an evaluation at selected locations of the soil and rock materials throughout the
zone of significant foundation influence. Our services have not included

determination of geologic conditions or evaluation of potential geologic hazards

such as seismic activity or faulting.
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Steven A. Haire, P. E.
Kenneth L. Ricker, P.E.
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Access Bridges and Pipeline Crossings
over ACOC Squaw Peak Water Treatment Plant
Phoenix, Arizona

THOMAS-HARTIG & ASSOCIATES, INC.

James R. Morrow
John P. Boyd, P. E.
Charles H. Atkinson, P. E.

Attention: George Shirley, P.E., Partner

Project :

John Carollo Engineers
3877 North 7th Street
Suite 400
Phoenix, Arizona 85014

SITE AND PROJECT DESCRIPTION
Two single-lane bridges, the East Access Bridge and the West Access Bridge, will

be constructed to provide access over the future ACOC channel at the locations
shown on the site plans in Appendix A. Also, several existing pipelines, ranging

from 36-inch to 66-inch diameter, will be re-aligned and supported where they will

cross the future channel. We understand that the bridges and pipe supports wi 11
be constructed prior to excavating the underlying ACOC. Maximum bridge abutment
loads will be about 15 kips per foot. Maximum vertical pipe support load will be

about 70 kips, and the maximum horizontal thrust-block load at pipe bends near the
supports will be about 200 kips.
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Samples obtained during the test drilling were subjected to the following
1aboratory ana lyses:

EXPLORATION
Field exploration included drilling ten (10) test borings at the locations shown

on the attached site plans. During the test drilling, the materials were visually

classified and representative samples were obtained at selected depths. The

results of the test drilling are presented in Appendix A.

Purpose

Classification and
correlation to
engineering properties

Strength
Characteristics

Corrosion PotentialSoil and Rock
Fragments (3)

Sample(s)

Compacted Soil and
Rock fragments (3)

Surface Soil (3)

Test

As shown on the site plans in Appendix A, some previous field exploration has been
performed by this firm at the treatment facility site. This previous exploration

included drilling several borings and conducting seismic refraction surveys to
provide information toward design of new facilities. The results of this previous

investigation were summarized in our report to John Corollo Engineers, Project No.
89-0329, dated 25 May 1989. Selected boring logs and seismic refraction survey

data from this previous report are presented in Appendix C. Information gathered
in the previous investigation was used to help formulate recommendations presented

in th is report.

Sieve Analysis and
Atterberg Limits

Soluble Salts and
Sulfates

Direct Shear

The test results are presented in Appendix B.

SOIL AND ROCK CONDITIONS
As illustrated on the graphical boring logs presented in Appendix A, the soil and

rock stratigraphy is relatively uniform at the boring locations. In general,
about 1 to 7 feet of soil cover overlies a deposit of cemented breccia

fanglomerate. The surface soils encountered consisted primarily of dense clayey
sands and gravels. The breccia fangolmerate consisted of angular gravel and

cobble-sized rock clasts cemented in a matrix of caliche-cemented angular sand,

with the degree of cementation generally varying from moderate to heavy. Zones of
concrete-like consistency, with refusal to auger penetration, were encountered.
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No free groundwater surface was encountered in any of the test borings during

drilling.

The recommended foundation bearing pressure should be considered as an allowable

maximum for dead plus design live loads and may be increased by one-third when

considering total loads including transient loads such as seismic forces. The
weight of the foundation below grade way be neglected. Two (2.0) feet is the

minimum recommended footing width.

Thrust Block Design: Thrust blocks should be constructed to bear directly upon
undisturbed soil or breccia. If a thrust block spans across a trench backfill, no

resistance should be assumed for the portion of the thrust block bearing on
backfill. The lateral passive pressures presented in the "Lateral Design

Parameters" section of this report may be used as allowable lateral thrust block

pressures. For thrust block loads toward the open ACDC excavation, the lateral

DISCUSSION ~ND RECOMMENDATIONS

Foundations: Bridge abutment footings and pipe support footings should be deepened
as necessary to bear into hard breccia fanglomerate encountered typi ca lly below

depths of about 1 to 7 feet at the test boring locations. The footings should
also be deepened as necessary so that tne edge of footing will be at least a

lateral distance of 3 feet from the face of the future ACDC excavation. Figure 1
on the following page illustrates the profile for the East Bridge. The West

Bridge will be similar. As shown on the drawing, the assumed slope of the ACDC
excavation in the beccia fanglomerate will be no flatter than about 2V:IH. If the
ACDC is excavated steeper than 2V:IH, then there will be no adverse effect on the

bridge foundations, because the distance between the footing and the slope face

will increase (assuming the bridge length and the width of the bottom of the ACDC
excavation are fixed). Footings on the hard breccia fanglomerate will support the

anticipated bridge and pipe support loads with negligable settlements. Foundation
bearing design recommendations are presented below.

3

8000 psf

Allowable Foundation
Bearing Pressure

Project No. 89-0872

Bearing
Materi a1

Cemented Breccia
fanglomerate

* Footings should be deepened as necessary to bear at least 1 foot
into cemented breccia fanglomerate and should also be deepened to
rna i nta ina 1atera 1 distance of at 1eas t 3 feet between the edge
of the footing and the future ACDC excavation.

*

Footing
Depth
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Figure 1. East Access Bridge Profile
THOMAS-HARTIG &ASSOCIATES, INC.

Project No. 89-0872
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distance between the thrust block and the slope face should be at least 2.5 times

the height of the thrust block.

Lateral Design Parameters: The following tabulation presents recommendations for
lateral stability analyses:

IFoundation Toe Pressures---------------l.33 X allowable
2Lateral Backfill Pressures:

Unrestrained walls-----------------------35 psf/ft.
Restrained walls-------------------------55 psf/ft.

3Lateral Passive Pressures:
Continuous walls/footings:

embedded in soil-----------------------250 psf/ft. of depth
embedded in fanglomerate or bedrock----500 psf/ft., but not

to exceed 10,000 psf
Spread columns/footings:

embedded in soil-----------------------350 psf/ft.
embedded in fanglomerate or bedrock----700 psf/ft. but not

to exceed 10,000 psf
Coefficient of Base Friction:

Independent of passive resistance-------0.40
In conjunction with passive resistance--0.30

lIncrease in allowable foundation bearing pressure (previously tabulated) for
foundation toe pressurs due to transient eccentric or lateral loading. The
entire footing bearing surface should remain in compression.

2Equivalent fluid pressures for vertical walls and horizontal backfill
surfaces. Pressures do not include temporary forces imposed during
compaction of the backfill, swelling pressures developed by over-compacted
clayey backfill, hydrostatic pressures from inundation of backfill, or
surcharge loads.

3For footings near the ACDC excavation slope, passive resistance against
movement toward the excavation should be neglected.

Compaction of the backfill soils against embedded footings or walls designed to

provide passive resistance should be accomplished to a minimum 95 percent of the
maximum ASTM 0698 density to develop this resistence with low strains.

Excavation Conditions: The test drilling and field sampling at the site were

performed for design purposes. It is not possible to accurately correlate auger
drilling results with the ease or difficulty of digging for various types and

sizes of excavation equipment. We present the following general comments
regarding the excavatability for the designers' information with the understanding

that they are approximations based only on test boring data. More accurate

information regarding excavatability should be evaluated by contractors or other

interested parties from test excavations using the intended equipment.

5
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Cemented soils and/or breccia are anticipated at depths below about 1 to 7 feet

over most of the site. Excavations into these materials may be difficult and

require the assistance of specialized equipment and/or rock removal techniques,
especially if thick, continuous heavily cemented layers are present. Excavations

should be braced or sloped as required to provide personnel safety and satisfy

local safety code regulations.

Blasting: Blasting will probably be required to efficiently complete the

excavation for the ACDC. Any blasting should be carefully controlled so that no
disturbance or fracturing of the breccia fanglomerate will occur within 3 feet of

the bridge foundations. Due to the approximity of the bridge and other treatment
plant structures, pre-blast surveys of the structures and blast monitoring should

be performed.

Deep Backfi 11 s: Backfi 11 intended for structural support or intended to provided
passive lateral resistance should be compacted to density criteria presented in

the "Site Grading" section of this report. Compaction of all structural fill
should be done by mechanical methods. If backfills are not compacted as

recommended, subsidence may result in areas adjoining backfilled structures or
over utilities. Even for well compacted granular backfills, long term

settlements may approach 1/4 to 1/2 percent of the fill height, or more if water
is introduced into the fill after construction. Even properly compacted deep

backfills may tend to settle differentially relative to structural walls and

should not be used for support of adjoining facilities or utilities prone to

damage from differential settlements.

Corrosion: Corrosion is most likely to occur in fills and natural soils with high
moisture contents and low electrical resistivity. Laboratory tests were performed

on selected samples to determine soluble salts and soluble sulfates content.
Soluble sulfates content of the tested soils ranged from 0.012 percent to 0.021

percent. Based on these values, the corrosion potential to concrete is low.
Therefore, concrete in contact with so i 1s or rock shou 1d use Type I I cement. A

low to moderate potential for corrosion of buried metal conduits is indicated in
areas where soil moisture contents are high. Thus, special protection may be

necessary were dissimilar metals are placed in close proximity or are joined.

Fill Materials: All fill materials should be soils free of vegetation, debris,

6
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3. Clean the exposed surface of all loose or disturbed soils.

Project No. 89-0872

5. Compaction of fills should be accomplished to the fol~owing density

criteri a.

or fragments larger than 6* inches in size. For structural

soils exhibiting low expansion potentials or granular site
Care should be taken to remove or break down boulder-size

4. Place fill materials required to elevate site areas to specified grade.

Fill materials should be placed and compacted in horizontal lifts of
thicknesses compatible with the compaction equipment being used.

2. Widen any depressions as necessary to accomodate compaction equipment and
provide a level base for placing fill.

1. After mass excavation, observe the construction site and remove any

remaining unstable (loose, disturbed, wet, etc.) soils encountered.

Maximum particle size---------------------------6 inches*
Maximum percent expansion---------------------l.5 **

*Maximum size may be reduced at architect's direction to
satisfy trenching and landscaping requirements, etc.

**Performed on sample remolded to 95% of the maximum ASTM:
D698 density at 2% below optimum moisture under a 100
psf surcharge pressure.

Any imported structural fill or backfi-ll soils for use beneath footings or
concrete slabs should conform to the following specification requirements:

organic contaminants,

fills, imported fill
soil s shou ld be used.

fragments and blend with finer soil as necessary to minimize voids between large
nested fragments.

Site Grading: The following recommendations are presented for site grading for the

inlet structures area. All phases of the earthwork should be performed under the

observation and testing directed by the geotechnical engineer.
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Respectfully submitted,

Percent Compaction
(ASTM 0698)

Compaction of on-site soils or imported fill materials with low expansive

potentials should be accomplished at a moisture content of optimum -3 to
optimum +3 percent.

*Oeep structural wall backfills should not be used for support
of facilities which are susceptible to damage from differen
tial settlements of the fill section relative to walls.
Bridge foundations should bear on undisturbed materials
rather than on structural fi 11.

Material

**Utility trench and exterior wall backfill not intended to
provide passive resistance for pipeline, or for foundation
or pavement support.

*Fill and structural backfill:
Structural fills and backfills shallower
than 5 feet below finished grade----------------- 95 min.

Structural fills and deep backfills deeper
than 5 feet below finished grade---------------- 100 min.

**Miscellaneous backfill------------------------------ 90 min.

Please call if you have any questions or if we may be of further service.

Copies to: Addressee (5)
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Location of seismic
r~frdction survey from
previous investigation*

~
\
\

h
-!I~ Loc~tion of test
'1/ boring from previous

invpstigation *

*Pr~viuus investigation fer John
Carollo Engineers, THA project
No. 89-0326, dated 25 May 1989.
Logs and refraction results
are presented in Appendix C.

LEGEND

~ Test Bori ng Locati on

Boring Location Plan (sheet 1 of 2)
THOMAS-HARTIG &ASSOCIATES, INC.

Project No. 89-0872
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LEGEND

SOIL CLASSIFICATION

COARSE-GRAINED SOIL

LiQuidliml1
less than 50

liQuid limit
greater than 50

MAJOR OIVISIONS

SILTS AND CLAYS

SILTS AND CLAYS

FINE-GRAINED SOIL
More than 50% smaller than 200 sieve size

LEDER DESCRIPTION

INORGANIC SILTS. ROCK FLOUR. AND
ML FINE SANDY OR CLAYEY SILTS OF LOW

TO MEDIUM PLASTICITY

INORGANIC CLAYS. GRAVELLY CLAYS.
CL SANDY CLAYS. SILTY CLAYS. AND LEAN

CLAYS OF LOW TO MEDIUM PLASTICITY

DL ORGANIC SILTS AND ORGANIC SILT-eLAY
MIXTURES OF LOW TO MEDIUM PLASTICITY

INORGANIC SILTS. MICACEOUS OR
MH DIATOMACEOUS. AND FINE SANDY OR

CLAYEY SILTS OF HIGH PLASTICITY

CH INORGANIC CLAYS. FAT CLAYS. AND SILTY
CLAYS OF HIGH PLASTICITY

DH ORGANIC CLAYS AND ORGANIC SILTS OF
MEDIUM TO HIGH PLASTICITY

PT PEAT AND OTHER HIGHLY ORGANIC SOILS

SANDS

GRAVELS

More thaR half 01
coarse fraction IS
larger than NO.4
sieve size

MAJOR DIVISIONS

More than half of
coarse fraction is
smaller lhan No.4
sieve size

DESCRIPTION

More than 50% larger than 200 sieve size

WELL-GRAOED GRAVELS OR GRAVEL·SAND
MIXTURES. LESS THAN 5% • Il2OO FINES

POORLY-GRADED GRAVELS DR GRAVEL·SAND
MIXTURES. LESS THAN 5%·Il2OO FINES

SILTY GRAVELS. GRAVEL·SAND-SILT
MIXTURES. MORE THAN 12%·Il2OO FINES

CLAYEY GRAVELS. GRAVEL·SAND-CLAY

POORLY·GRADED SANDS OR GRAVELLY SANDS.
LESS THAN 5% • Il2OO FINES

SILTY SANDS. SAND·SILT MIXTURES
MORE THAN 12% • IQOO FINES

CLAYEY SANDS. SAND-eLAY MIXTURES
MORE THAN 12% - ~2OO FINES

MIXTURES. MORE THAN 12%·Il2OO FINES

WELL-GRADED SANDS OR GRAVELLY SANDS.
LESS THAN 5% • Il2OO FINES

GP

GC

SP

SC

GM

SW

GW

SM

SYMBOL LEDER

•••••••••••••••

::;:'::::':::;':;:;':::;':

'.'0 ':0 ','0 ':. ':.',
:.:~) :.:~) :.:~:.

I
I
I
I
I
I LEGEND FOR GRAPHICAL BORING LOGS:

I
I
I

Log denotes visual approximation unless accompanied by mechanical analysis and Atterberg limits.

In situ density/ 102pcf 96.2" - Surface Elevation

In situ moisture content 12011 ~6 . ..0/ 9 Continuous Penetration ReSistance,
Penetration Resistance, ---/ 12 2.0" 0.0. Bullnose.
2.42" 1.0. ring sampler 42

Standard Penetration Resistance (ASTM 01586), -- 75 53 Total depth of auger penetration
2.0" 0.0. split spoon sampler ~ RFS"/ . .

Soil classification symbol 4/17/86- Date bonng dnlled

I PENETRATION RESISTANCE: Blows per foot using 140 lb. hammer with 30" free-fall unless otherwise noted.

I
I
I

GRAIN SIZES
U.S. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS

200 40 10 4 3/4" 3" 12"

SILTS & CLAYS SAND GRAVEL
DISTINGUISHED ON
BASIS OF PLASTICITY FINE I MEDIUM I COARSE FINE I COARSE

COBBLES BOULDERS

MOISTURE CONDITION (INCREASING MOISTURE ...... )
DRY SLIGHTLY DAMP DAMP MOIST VERY MOIST WET (SATURATED)

(Plastic Limit) (Liquid Limit)

CONSISTENCY CORRELATION RELATIVE DENSITY CORRELATION
CLAYS & SILTS BLOWS/FOOr SANDS & GRAVELS BLOWS/FOOr

VERY SOFT 0-2 VERY LOOSE 0-4
SOFT 2-4 LOOSE 4-10
FIRM 4--8 MEDIUM DENSE 10-30
STIFF 8-16 DENSE 30-50

VERY STIFF 16-32
VERY DENSE OVER 50HARD OVER 32

"Number of blows of 140 lb. hammer falling 30" to drive a 2" 0.0. (1-3/8" 1.0.) split-spoon sampler (ASTM 01586).

I
I
I
I Project No. 89-0872

THOMAS-HARTIG & ASSOCIATES. INC. 11
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Pro j ect No. 89-0872
Thomas-Hartig & Assoclot.es, Inc.

(-LEGEND OF SO I L TVPES·)
~ ~

NOTE: Bori ng elevations are approxi mate, based on
interpolation bet''lieen contours sho.... n on site survey.

ASPHALTIC CONCRETE OVER AGGREGATE BASE

BRECCIA FANGLOMERATE; wrhlte to grey; stratif1ed; angular
gravel-and cobble-size rock clasts cemented 1n a matrix of
caHche-cemented angular sand; degree of cementation
generall y varies from moderate to heavy; '1iith zones of
concrete-ll te consistency and zones of 11ght cementation_

.-'.<. .<: ,; .<.
;'./ f.~ r-:
////./

;' ff.";'

"~/.<.<"<

CLAYEY SAND AND GRAVEL (SC&GC); bro.... n to light bro.... n;
st rat1 f1 ed; f1 ne to coa rse sa nd Slze; de nse; ge ne raI1lj lo.,
plasticity; angUlar; scattered cobble and boulder-slzed

t:..:.::...:.::..:.l~<M fragments; intermittent light to moderate cementation.
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GRAPHICAL BORING lOGS

B-4
1251"

~~..:;Jl0·

10-23-89

Auger R€'fUS<ll

B-3
1254"

10-23-89

18"

B-2
1247"

4.5
~+--8_5-

10-23-89
Auger R",fIJS<ll

7"

···27"

B-1
1250'

,....\--4
10.S-

66

10-23-89
AlJqer R",flJ:::.:;11220

1245

1240

1235

1225

1230 ~

E1evat1on

i

~

I

I

I
I

I
I

I
I

I

I

I
I
I
I

No free groundvater vas encountered in ang of the
bori ngs duri ng drllH ng_

An borl ngs drBled vUh 7- diameter hollo.... stem
auger unless othervise noted_

I Project No_ 89-0872

Thomas - Hartig & ASsOclotes

I
I

NOTE: The d.3ta presented on th,=, boring logs repr,=,s,=,nt::: subsurf.3c,=, conditions only at the specific loc.3t1ons .and <It the tim,=,
de:::i'Jn."ted. This dat-a m."y not repr€'sE'nt conditions at other 10(;ations and lor timE's. Contads bet\N·e€'n soil strat-a ·"t-€'
.3ppro;<:im.3te .and changes between SQil tlJ pes rn.31J be gradu.31 rather than .abrupt. This boring d.3ta '.., as complled primarily
for ,j€'sign purposE's and sholJld not b€' (:onstt-u€'d a::: pad of the plans gO'ferninq (:onsirlJdion Ot- defininq c(.n:::trrJction
t,€'(,hniqut-s. 8iddt-rs ·:.r€' f'Jlly r€-sponsib1€' for intt-rpt-€'t."h:ons N- /;'onc,llJsi(.ns th€"J dt·a"...· ft-om th€' boring log.
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RF 5"

27"

P-4
1253"

RF

10-20-89

AU9>?r R.,.fusa1

69 4.
RF

80
70
69

P-3
1250"

10-20-89
Aug",r ReflJs.:.l

GRAPHICAL BORI NG lOGS

P-2
1250"

10-20-89

AUI~er R",fus.a1

29"

6'j

80

50 3"

P-l
1246"

10-23-89

1225

1245

1220

~

1215 ~

Elevatl0n
I

~
----:1:....:2~5~O=---1

3

1240

j
4
~

I

I

I

I

I

I

I

I

I

I

I

I

I
I RF =~:i?fljs~1 ~o p>?n>?tt-~tion (j.e ..,

rI10t-", than 100 blows Ifoot) No free 9ro undvate r va3 e nco unte red 1nan y of the
borings during drilling_

I
I
I
I

All bori ngs drilled ...,ith 4- diameter conti nuous flight
a uge run1ess ot he r...,i se noted_

Pro j ect No_ a9- 0872

Thomas - Hartig & Assoclates

NOTE: The d.:.ta presented on thE' boring logs repr€'s",nt:: subslJt-f.:.c€' (:onditions only .:I~ the spe.;:ific loc.:.tions .:.nd .:.t the time
desi9n~~ed. This dah may not t-epn'sent conditions at other lo(:ations and/.)t- ~irnes. Con~ads b.,.~w·e€'n soil strat~ ~t-e

.:.pproxim.:.te and (:hanl~E's bE'h/eE'n soil tlJ pes may bE' gt-adu.:.l rather than abrlJpt. This tlljl-ing d.:.ta \'ias .;:ompiled primarily
fot- d€'siqn puq.loses and should not be constl'"lJ€'d as pad of the plans goY·erning constrlJdijn or defining consh-Ijction
techniques. 8iddet-s are fully n'sponsible for interpr€'tations or conclusions thE'Y dnv Tt-·om ttlE' t10ring log.
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I Elevation

1
1

1250

1 1 .

RF 1"

P-6
1248"

10-23-89

Auger R...fusa1

GRAPHICAL BORI NG lOGS
P-5

1255"

10-23-89

1245

1240

1235 ~
1230I

I

I

I
I
I
I
I

1225

I RF =ReflJs.~1 to penE'tntion (i.e .., more
than 100 bklws /foot)

I
I
I
I
I

No free ground",ater ,.,a3 encountered j nang of the
bori ng3 duri ng drHH ng.

All bori ng3 drll1ed ",lth 4- diameter conti nuous flight
augerun1e33 ot he r",i 3e noted_

Project No. 89-0872

Thomos - Hortig & Assoclotes

I
I

NOTE: The d.~ta presente,j on thE' boring logs reprE'sE'nts subsIJrf."cE' e:onditions only .~t thE' spee:ific locations ."nd <It the hmE'
dE'si9n.:JtE'd. This dah m,~IJ not t"E'pl-esE'nt conditions .at othel· loe:ations and/1)I- hmE's. Contads bE't'n'eE'n $e,]l strah .:WE'
.jppro;<im.jt€, and chanq€'s b€'h..-e€'n soil tlJ pes m.jlJ be gn,j'B1 r,3ther th,:1n .:ibrupt, Thi::: borin9 d.~h 'li,E (:ompiled pt-imarily
f')I- ,jE'sign plJrpos,.,::; .and should not bE' .:;onstl'"lJed as: p.art of tho? pl.ans gO'lo?rnin.~ .:;onstru.:;tlon ('I'" do?finin.~ ,~ons'h-uction

tE'chniqlJes. Bidders are fUlly t-E'sponsible for interpretations or conclusions they dn''Il' from thE' boring log.

I 15
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APPENDIX B

LABORATORY RESULTS



SampJed By _---:..T~H/~T.:....:.h.:..::o::..::.m:r:::p-=-s~o~n _

16

11-10-89

4.0

I I !,

, I
I I

3.0

Cohesion(c)= 0.65 ksf

2.0

Normal Pressure - ksf

Project No. 89-0872

1.0

THOMAS-HARTIG & ASSOCIATES, INC.

Friction Angle (el = 42°

H ~_I 4i-~' I-!-~ I , I ,itr+1'-I-.;.......+-+t,.--,--7-I
W- ~. - ;.-~ ~~ - f-Lt- t-+-+-l-~r--I--+-++-J..--1--l-+-j.....+++-l---i-t-+-+..J.....+·-H'--t--++-H-+-;--t--+I
-+-"""T
1 +-_

1+-+--+-+-I---+-++~-T-I-+-7-++--!-+-~++-H-+-+-++ -I-..f-!"......J_Vt+1++-+--l-l-H--h-i-i--l'--t--t-+-Hf-+' u_ h;-+-~ I I " +-+ ...._'
f-+~P ~f-'+-'++'+-I-'f--i-+-+-i-+--Hi--f---+-++-+-+--1H- -*-+-f--fT-r-I-+--t.......,---c1e--r-+-+-+-'i-f+ - '

Date

REPORT ON LABORATORY TESTS

Composite of B1 &B2; 0 - 2'

Bulk sample, remolded to 126 pcf dry density

2.0 i-+- + ~-I---i'--T--l--++--r-+--1:-:-+--j,.+-+-+--1I-+-+++-+-+ +--l-+--H-,--l-,-f-l--t--+-++-rir-+-.+-+-~-.....
I-+--++++-·H-i--:-+i·- ~i+-1--+-J-J.-....,......,++-+-i-l-t-+-l-I--r4-i-i ----L : "-T-

, '" 'l..II •.l.......;-I++-+-r-t_++-+--,_ j.....+--..........,~
I-t--t-+--H-+-J-t--t-+-+-'V'f-"Ij_ ' ...:":' -'--- +-

,j, , I I . ..+- --i-r--+
, " I" T : I I I· .' i "

, ! I I' I

.+-+--t-l-t-t--+-T--I--i~-+-.J......+.-....J...--.I.-+-:-+-+-+....J...--.I.-+-f--+-+--+-+-+-+-f-++++-+---r-f-+-H---HI-l-+-++-"-~"
+-t++-+-+-+-+--;-1-+-'-+-I--l-+++-+-+-If-J+-+-J--+-+-++-+-H'--t--+-+-+--l.-rrr--t-+-t-......f...--t--+-f-+--+--1

i. t-l---l---t-+--H.-W-i...+-I-H.-";,,,+-+--++H.--t-++-t'.....;'f-++++++r-++-++-,-4-I-+-++-f~-4-I
4.0 4 1 H-+-If--l-.J......+.-+-+-+-f--+-++-hi-+-I-+++-+-+--,-If++--

I-++++-+-+-J-+-+-+i+-.l~+-+-++--+-j-+-f--+-++--+-j-+-+-++-+--+'-I-i-+'++--+-t-+--,-+++--+-t'-+-tii

1--t-++++--+-t-t-t-+-+-+-l-I-·-I---j-l--+-+++-+-J-l---I-+-l-I-+-lH-..--++-+-+-Jf--+-++-+-+-+-f-+H-r-t-lI ,

3.0 H-7" t+t-' -+ +-++-'-++++++++-l--l-+--J--~'I-+- '
...t-+-.;..:+--+-+--t-l-f--+-+-r--+±ti-+- h+-++-i+,~I/++·-+-+-t-'-+·t....+:......_·+_.J+-....tf-+!---+J......-J~tt'...:tl...t-=t-~~t=t~ttt~jj:::

then sheared at a displacement rate of 0.07 in./min.

to about 95% of ASTM 0698 maximum density, submerged, consolidated,

(J)
(J)
Q)....

ii5
Ol
c:
....
ell
Q)
.c
C/)

-(J)
.:.<:

RESULTS:

Type

Source

Material C::...:l:...:a:>Ly.:::.eyL....:S:..:a::.:.n:.::d:.Ly_G:::.:r~a:....:v...:::e..:.l----l...:(G~C~) _

SAMPLE:

T ESTED: .::.O..:..i.:....re:::..c:::...t.:::........:S~h..:..:e::..::a~r...:,L...l:p:..=o:...!..r~t:...!.i~o~n~o...!...f----=-s ~amC!..!.p~1.!....!e"---lp,LIa~sL:s!...JjL.Ln~gl----l'a........u.#-'I4-->Ls...J..i .....e.Ly.....e_wn;aL,Ls.>.-JrLle.;.J.mlilo,Ljlw.d.u:e;,.l"dL..-_

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
_H-105



Material S~il~t::..:i.y----=.C...:..l.::..aYL.:.e:.>Ly--=.S.=.a:..:..nd::.wy~G:..:..r.=.a.:..-ve=..l=--.J.(...::::G..:::.C_-G=..:.M.:....J.)~ _

Sampled By __T_H..:.../~T...:..hoc:..;.m,,-,p:...:s:...:o...:..n _

to about 95% of ASTM 0698 maximum density, submerged, consolidated,

-+ -+,-+-i-+-+--+-++ ++--+---+-+-H-+-+--+-l-+-~+++--+---,/e-.A--t--'- -iH-+-+--+-+-t-H-+-t+-+-+-t-+-I

•

17

11-10-89

4.0

I t

3.0

Cohesion (c) = 0.55 ksf

I

I ,, I

,
I I , ' V

,...: I
I

'"I 'i '

2_0

Normal Pressure - ksf

Project No. 89-0872

1.0

THOMAS-HARTIG & ASSOCIATES, INC.

Friction Angle (~= 44 0

REPORT ON LABORATORY TESTS

Date

Composite of B3 &B4; 0 - 2'

Bulk sample, remolded to 120 psf dry density

Direct Shear, portion of sample passing a #4 sieve was remolded

+-+;...:+--t-++-+ +-++--+--1--t-1-+-+--+v''I'f-i -+---+-+-r-+-'-t-f--+.-,-H--+-:--+t-+-H-'t-+---t----1--+--r-+--+-t--i--1-1
~'-+-,-t'-t-!H-t-'-I-, ->--++-t---,----fH-I--+.+++-+,---L,-L,-H-i--++---"---+---'-+-t-+----;------,-----rll-++_ 1-+-+-+-1-++--1
t--t~'+--t--+-!f-,- -+--+--+---+-+-if--j-+---i--;,+,-+-IH-+-++-+---r-H-+--+--+--'--....L-' 'I
r-+-- -1- Y--H-'r--t-' ++,---J--t-:.--h++-H-+--+--+-+-t+t--.--f------,--+----'----l- +-t-+-+~-+--I

2.0:" I' I I ' ,1--+-+-+--++ +-+--r--7-+--J-t-+. ,- , L '
! I , ' If - I I -r

1--+-'1'"T--H-+-r--t-I++---+---r*"'+++-H-'-+-+-+-+-H-+-+-+-+--r---+~ +--+-1--'----+-+----+--+-+----,---
tt:;=~~~j:~tt, ~~A:jy~=:=,t:+=tJ~~t_tt+1~~~~tt:::::::=;~~~;:t~-j~=~ttl--t --+----,.'1""--T~-'+---'--I
• I ,Ii,i I:-rct ' y 't-~- t-+-H-+-+-+-+--+---'-i--l---'-r-J+-CL+-, I t t-,--;-". ~. -+-:I7't~- -'-1- -t-~+-'+--+-+'--,-'.-+-+-+-+-+--+-+-If--+-I---I---f---+-~+ 11---+:--;:-+-+-+--+-+++r- ~ ,

+-~. T - '/ :' I r-+·. i ~ I + .
-:-- .-++f-l j -t---+--H-+-+-+--j-'--~t-!f-H-+-+-+---+-+-,it -ri-+++--I---'--i-H-+-+ -+-1C--1

i-f l+f--'-t-+ ~ - pt-ri-+---l---l---i-+1I-F I I ! I -r-
~ -- -r- ;-_-1- h - LL.- H-++-riH---+++-+-+--1-r-+++-+-H-r-+++-+---+--1f-t-+-1L I-'+++-+-+1
~_ ,'ii ;~I L 1 i

then sheared at a displacement rate of 0.07 in./min.

1+++-+-+-t-1H-t++-T-t--_+-t-1H-+-+-+-t-t---'H-+-++-++-H--+-++-+-t-H-+-t-HH-t-+--H-'-+- t
1+++-+-+-t-1H-+-+l-r+-++-+-+-""+-++++++-+-1H-H-+-i--+-t-H-++-+-t-++-+-t-1-t-++-r-I

=t+t+;I--t-'_+-+-HI~+-t_+-ir--+t-'-:;.'+-=+'=t~tt-tt+-='t'=t~ttv_'t, 1-t-_---1_r-f-----,"-------l--,!1jj=!=trt=t~---1_I---H-+-_+---i- t-

3.0 K--~ , ~'+-+--+++-+--+----t---+-+-+-T--I----+--i----t-----I-+-II
~+-HH-t---r-++-t+t+, -+---t-+-+--+-+-+-+---:!~H - H--t-i- -~+-+'+-+-t-r--+-++-+--i-+-+--+-++-+-i-l

,

In
In
Q)...

U5
Ol
c:

RESULTS:

Source

Type

TESTED:

SAMPLE:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

lH-105



Material S~i~l~ty~C~l...:;a~y..=.eYL-.:S:...:a;,.:..;n...::.dY,,--G:...:r-=a:...:v...::.e~l~(G:;.:.P-'-/...:;G..:..C_-G.:c.:.M-'-!.) _

Sampled By __T_H-"I_T~h...:;o.:.;,;mJ:..p.::...so::..,:n-'-- _

, , I

then sheared at a displacement rate of 0.07 in./min.

I ,

!

11-14-89

4.0

i

3.0

Cohesion (c) = 1.0 ksf

,
I , I I I

I
, , I : I

: , I, !

,

'" + 'T
-~ -t--+-

/i ,t- i ,
: I

+-+-+-+--+-+-+-++--J-...f-i-H-+-+--r-:-+-H-t......-H-++I' -+;-1

2.0

Normal Pressure - ksf

H-I-+-I-+-i-+-f-+--,I-+-I-+-I---t-1f+-1c-+-i--t--1-+-+++-t-t-t-t-t-t-+-+-"!-i-I
~++-.l--f--+-+-t-+-~+-+-~t-+-t--.,-+-+-r-t-r-+-t-+-r-+-r-+-H-+

1.0

Friction Angle (0') = 33°

Date

REPORT ON LABORATORY TESTS

Bulk sample, remolded to 120 pcf dry density

f-l'I-' H-+,+,. r-'-t-1 -+-t-+-jl-+-.,...-+-+-t-h-+-++-+- '
~':' ~-,;- t-~ +--4- +-++-t--rll-+'+-+-+-+-+-H-+-+-++-+--,'r-t-'+-+--+1+-i-+-+-++-+--t--1c-+-+-+-tI

i. i ,-rl ~.J-
I

_.~_...---r-++-+-+ +-+-+-'+--'---cH-+-+--+-.J.-+-'i-'!'-+'..;.-'+-f--+-+-+-++-+I'--i-t-+-+-+-T-f-.,h-+-+-+-r-t-·i-H
-r'T-+-'+-++-+- ' , ..;-+~-+-+-+-+-+-+-t-' -+--'- r+-t+++-+-Jv Ii: ,I ! I !

P5; 0 - 2 1

to about 95% ASTM 0698 maximum density, submerged, consolidated,

Direct Shear, portion of sample passing a #4 sieve was remolded

t-r
'~-r

t- t-+
:-

i
-, ,

4.0 -+- , i

1=+
~~

1-
,
: ,
,

"T' [+; . ,-
3.0 ~+-

+'7- -+
T+ ±ti- r-, t 'i

,:..~ yt-+~ +-~- , I - ,L+- I ;-r-_r-_+,
.; 'j ,t+.. +++4- J ... ,. "-"'-H--i-T-t-+-+-+ +++-+-H-++-LJ- L+. '; •
.."'y .... . .J--j-..!-.- f--l-r-+' I IT+- -+++.,...'+-t-'-t'--+-+-+--r+--J-...f-l

1 0;;' "~-f-~-i ;-' ! ,-,t ,-:-n-r-t-+.J..-H-1-+-r-1-'
• t","'_....+-+;--+-+....t--+-:L+-h---+f---:-T:'-7~'+-+-+-: +-++--+,+~~~~t-t_~t1+~+-_+-:-_I+_;.-:-: -tT-:+-~'-_+---j+-;'-+-:-:++,-M,-r_,+-,..,.-.,....r;'--++-+.J.,-':':---1Hr-t

t- -'-, h-L -:--;- -'- r-' -~+,+-+-~H-++++-r+--t--1-+-.,-+-+-r-+-++-+--j--,r+-+-+--r -""",--1
,-'- '-T -t-r - "rt- ~-+-I-H-H-+-i--+-t+-H--+++-+_+-+-,_,','.--r-'"++t;+,-+,-+-t-+-+-+-+-t-L~...l. ..
f-~' .. ~-' -r-"- ~~ -I-+- ' '~--

, I I :' I I I I ' I i I

CIl
CIl
Q.l...-(f)
Ol
c.>:
tll
Q.l
~
(f)

CIl
..lI::

RESULTS:

Source

Type

TESTED:

SAMPLE:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1H-l05

Project No. 89-0872

THOMAS-HARTIG & ASSOCIATES, INC.
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Type Bu_l_k-'--s_am_p'-1_e_s_o_f_a_u--=9'---e_r_c_u_t_t_i_n=-9s _

Source N_o_t_e_d_B_e_l_o_w _

Sieve Size- Accum. % Passing *
Sample LL PI 200 100 50 30 16 8 4 3/4" 1" 2" 3" Class

Composite
B1&B2;0-2' 30 14 21 25 28 32 37 45 54 94 98 100 GC

Composite
B3&B4;0-2' 25 4 20 24 27 31 36 44 54 88 93 100 GC-GM

P-5; 0 - 2' 24 4 11 14 15 16 17 19 21 87 93 100 GP/
GC-GM

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SAMPLE:

Material

Sampled By

TESTED:

RESULTS:

REPORT ON LABORATORY TESTS

Date 11-3-89

TH/Thompson

Sieve Analysis and Atterber9 Limits

* Unified Soil Classification

Project No. 89-0872
THOMAS·HARTIG & ASSOCIATES. INC. 19



REPORT ON LABORATORY TESTS
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SAMPLE:

Source Noted Below

Type Bulk samples of auger cuttings

Material Soil and rock fragments

Sampled By THjThompson

TESTED: Soluble Salts and Sulfates

RESULTS:

Soluble Soluble
Sample Salts Sulfates

B1; 5 - 10 1 0.091 0.021
B4; 5 - 10 1 0.063 0.015
P5; o - 51 0.21 0.012

Project No. 89-0872

THOMAS-HARTIG & ASSOCIATES. INC.

Date __1_1-_1_7_-_89 _

20
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APPENDIX C

SELECTED FIELD RESULTS
From Previous Geotechnical Investigation

(THA Project No. 89-0326)



SEISMIC REFRACTION GEOPHYSICAL SURVEY
DATA INTERPRETATIONS

Seismic
Survey No. S! S2 S3

Profile
Direction F R F R F R

V1 (fps) 1000 1000 1250 1350 1150 800

Material t/f t/f wfg wfg t/f t/f

Depth to
Base ( ft) 2 3 4 2 5 2

V2 (fps) 2200 2400 4300 3800 2900 6000

Material wfg wfg mfg mfg mfg sfg

Depth to
Base (ft) 19.1 22.8 19.6 19.2 26.6 33.4

V3 (fp5) 8000 800O 7800 9500 14,O00 13000

Material s1g 5fg 5fg rock rock rock

Seismic Velocity Interpretation / Material Corr.lations

Table 1

7

Geophysical Survey

(a) 66" Water Main Relocation Alignment

Topsoil (residual soil)
Topsoil/fill
Fill/weakly cemented f~nglomerate

Weakly cemented fanglomerate
Moderately cemented fanglomerate
Strongly cemented fanglomerate
Strongly cemented f~nglomerat. (?) (possibly rock)
Bedrock (probably schist; possibly quartzite)

t
t/f

f/wfg
wfg
m1g
51g

s1g/rk
rock

3.3 RESULTS OF THE SEISMIC SURVEY (continued)

Squaw Peak Water Treatment Plant
Pipeline Relocations at ACDC

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Table 1 (continued)

SEISMIC REFRACTION GEOPHYSICAL SURVEY
DATA INTERPRETATIONS

( b) Intake Pipeline Relocation Alignment

Seismic
Survey No. S4 S5 S6 S7 S8

Profile
Direction F R F R F R F R F R

V1 (fps) 1000 750 800 900 800 1000 800 1000 800 1000

Material t t t/f t/f f/wfg f/wfg t/f t/f t/f t/1

Depth to
Base ( f t ) 2 4.5 5 11 6.5 9.5 8 5 3 2

V2 (fps) 4400 3400 4000 2250 2600 9~00 6800 2700 3800 2100

Material mig mfg mfg w1g wfg s1g sfg wfg mfg w1g

Depth to
Base (ft) 42.8 13 33.5 22.8 19.7 18.1 12.7 11.5

V3 (ips) 17000 13000 8500 8000 9000 5200 5300 5300

Material rock rock rock rock rock s1g 51g 51g

Depth to
Base (ft) 56 32.3 28.5

V4 (fps) 15000 1~000 8000

Material rock rock rock

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Squaw Peak Water Treatment Plant
Pipeline Relocations at ACDC

3.3 RESULTS OF THE SEISMIC SURVEY (continued)

8

Geophysical Survey



Seismic Velocity Interpr-etation / Material Correlation:

Squaw Peak Water Treatment Plant Geophysical Survey
Pipeline Relocations at ACDC

3.3 RESULTS OF THE SEISMIC SURVEY (continued)

Table 1 (continulid)

SEISMIC REFRACTION GEOPHYSICAL SURVEY
DATA INTERPRETATIONS

(c) Discharge Line and 6121" Water Main Relocation Alignments

Seismic
Survey No. S9 Sll2l S11 S12

Profile
Direction F R F R F R F R

Vi (fps) 95121 950 135121 135121 1750 11210121 15121121 112125

Material t t wfg wfg mfg wfg wfg wfg

Depth to
Base (ft) 4 1 9 9.5 6 2.5 8.5 6

V2 (ft) 401210 5121121121 46121121 520121 35121121 35121121 56121121 550121

Material mfg mfg mfg sfg mfg mfg sfg 5fg

Depth to
Base ( 1t) 9.5 16.9 29.7 32.4 19.1 43.9 45.4

V3 (fps) 8121121121 81210121 61210121 81210121 57121121 1500121 15121121121

Material s1g/rk sfg/rk s1g rock sfg r-ock r-ock

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

t
t/f

f/wfg
wfg
mfg
sfg

sfg/rk
rock

Topsoil (r-esidual soil)
Topsoil/fill
Fill/weakly cemented fanglomerate
Weakly cemented fanglomerate
Moderately cemented fanglomerate
Strongly cemented fanglomerate
Strongly cemented fanglomerate (7) (possibly r-ock)
Bedrock (probably schist; possibly quartzite)

9
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(-LEGEND OF SOIL TYPES")
~ J

....:'__ ... __ ... __ ... __ ... ?ROBABLE fILL .. CLAYEY GRAVELLY SAND (SC); brovn; fine
" " " " " "-««<... to coar~e ~and ~lze; angular; den~e; lov pla~tlc1tg; s11ghtlg
»»>: damp.

/ / / / /

""'''.

II
·......... CLAYEY SAND & GRAVEL (SC &. Gel; broyn to 11ght brovn;

::::::::::: ~tratified; fine to coarse ~and size; medium dense to dense;
::::::::::: lov pl.~tlcitg; angular; ~cattered cobbles and boulders.

•
:~:. ::::.:::~ SILTY SAND (SM); brovn; fine; mediam dense; non-pla~tic;
:. :. :. :. :.:. damp
~: ~: .;~ ::: ~~ ;: -
~: ..:: ..:: ..:: ..:: ..::........

~ SILTY CLAY (CLl; 11gbt broyn to dark broyn; very stiff;
~ mdium plosticit,; block,; Yuiculu.

~
BRECCIA fANGLOMERATE; 'Wbite to grel); an,ul.r gravel-and
cobble-slze rock cla~ts cemente. t R ....trtx of callebe
cemented angular ~and; degree of cementation generall y
varies from moderlte to heav'J; yith zones of concrete-Ii t:e
consisteftC".

II
SCHI5T; greg; generallg hard but vith ~ome ~oft zones;

:r: nUlDerou~ joi nb and fracture~.

:r:
:t:T.

No free groundYateer YI~ encountered in ang of the borl ng~
durl ng drll1j ng.

All borings drilled vith 7- hollov ~tem augers unless
ot'erVlsc noted.

Pro j eet No. 69- 0326
Thomas-Hartlg & Associates .. Inc.

NOTE: The data pt"t>Sft'lted on thE' borinq 10qs reprMt>nts subsurf~ conchtions on'kJ at the specific loc.ations and at the time
I ,t~t.d. This dat~ INCJ not repnSt'nt condmons at otlwr locations and/or t~. Contacts ~t""",, soil stnt~~.

oximate and~~twHn sol1 types may be gradual rather than abrupt. This boring data \Vas compiled primar111J
for dt>sic;1n pur~ and shoutd not b@ construed as part of th@ plans gonrn;ng constructm or d.fmmq construct"ionriques. Biddtors ar~ fully re-sponsib~ for interpretations or conclusions thetj dra'W from the- boring Joq.
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19.3"

B-3

5-1 -89

42

3" rotanJ
\If41sh be10'\<1

9.5'.

Project No. 89- 0326

Thum8S - H8rtlg & ASSOc18tes

17

.;,uger
reofusal
.:.t 9.5'.

3°

B-2

50'
5-1-89

NR

GRAPHICAL BORING LOGS

109pcf < 29 :.
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APPENDIX D

BRIDGE FOUNDATION
GEOTECHNICAL
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