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March 29, 1976

 ASARCO, Inc. SHB Job No. E76-2004
P. 0. Box 1111
E1l Paso, Texas 79946

Attention: Mr. Bill Nasmyth

Re: Converter Building
Evacuation System
El Paso Plant
El Paso, Texas

Gentlemen,

Our Soil and Foundation Investigation Report on the referenced
project is herewith submitted. The report includes the results
of test drilling, laboratory analysis and recommended criteria
for foundation design and site grading.

Should any questions arise concerning the report, we would be
pleased to discuss them with you.

Respectfully submitted,
Sergent, Hauskins & Beckwith Engineers

By

Reviewed by

A (VT
John Jg Moran, P.E.
Copies: Addressee (5)

REPLY TO: 9512 CARNEGIE AVENUE ., EL PASO. TEXAS 799825
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INTRODUCTION

This report is submitted pursuant to a soil and founda-
tion investigation made by this firm of the site of the
proposed Converter Building Evacuation System, located
at the American Smelting and Refining Company, El Paso
Plant in E1 Paso, Texas. The object of the investigation
was to evaluate the physical properties of the subsoils
underlying the site to provide recommendations for féun-
dation design and slab support.

PROPOSED CONSTRUCTION

Tentative features of the proposed construction were
provided to us by representatives of Kaiser Engineers
and ASARCO, Inc. Final design details have, as yet, not
been determined. It is understood that an above ground
fume duct will be constructed to convey stack emissions
to the proposed baghouse, a distance of about 200 feet.
Large induced draft fans may be placed in the system be-
tween the 825 foot stack and the baghouse. Another Bislcin
350 feet long, will carry exhausts to the baghouse from
the converter building. The ducts will be 12 to 14 feet

in diameter and may be elevated as much as 78 feet above
ground.

The duct system between the converter building and the
baghouse will be placed on bench supports. The reactions

on the foundation pedestals are tentatively estimated as
follows:
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Approximate Total Vertical Maximum Base
Location Load (DL & LL) Overturning Moment Shear
E670 51646 146 kips 640 kips/feet 11 kips
E630 S1646 250 kips 1200 kips/feet 19 kips
E500 S1646 409 kips 1300 kips/feet 24 kips
E400 S1646 250 kips 860 kips/feet 18 kips

*Primarily due to wind load. Dead load overturning
moments are from about 21 to 38 percent of total.

The baghouse will be a steel frame structure supported on
three rows of columns. Foundation loads are not known at
this time.

Details of the fans are also not presently known. Dynamic
loads are often critical to foundation design for fans of
this general type.

When final details of the project are established, this
firm should be notified for review of recommendations.

INVESTIGATION

Previous Investigations

Among previous soil and foundation investigations made by
this firm at the ASARCO El Paso Plant are six site inves-
tigations in the general vicinity of the present project.
In addition, an investigation is currently underway for a
new acid treatment facility near the area of the project.
The six earlier investigations pertinent to this project

are as follows:
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A

SHB
Project Name Job No.
825 Foot Chimney E65-310
Ore Receiving & Lead Plant Rehabilitation E69-60
Additional Cottrell Facilities E69-191
Elemental Sulfur Pilot Plant E70-83
500TPD Converter Gas Acid Plant E70-157
Converter Flue System E71-193

The site plan included in Appendix A of this report shows

the locations of the borings from the above investigations
near this project. This information was carefully consid-
ered in evaluating fill depth in the present investigation.

Subsurface Exploration

Nine exploratory borings were drilled to depths of about
24 to 40% feet. Borings were begun with 6 5/8" 0.D., 3"
I.D. hollow stem auger which, in most cases, refused on
coarse fill or very firm native soils. Three of the bor-
ings were advanced beyond hollow stem auger refusal using
4% inch diameter continuous flight auger and/or tricone
gear bits. Special carbide insert teeth were used on the
auger. Standard penetration testing and open-end drive
sampling were performed at selected intervals in borings.

Results of the field investigation are presented in Ap-
pendix A which includes a brief description of drilling
and sampling equipment and procedures, a site plan show-
ing boring locations and logs of the test borings. The
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field investigation was supervised by John J. Moran, P.E,
of this firm.

Laboratory Analysis

Moisture content determinations were performed on most of

the samples recovered. Results of these tests are shown
on the boring logs.

Grain-size analysis and Atterberg Limits tests were per-
formed on selected samples to aid in soil classification.
Test results are presented in Appendix B.

SITE CONDITIONS & SOIL PROFILE

Site Conditions

The site of this project is located within, and immediate-
ly adjacent to, the existing plant. General grade throughout
the plant is relatively level. Surface elevation of the

borings made in this investigation varied between 3773.6
and 3780.5 feet.

It is understood the plant has been in operation since the
1880's. The site is located on an erosion surface above the
Rio Grande floodplain which is cut with deep, steep-sided
arroyos. This has been termed the La Mesa surface. The
soils underlying the site are primarily cemented, clayey
sand, gravel and cobbles which are older alluvial deposits
and predate the cutting of the present Rio Grande channel.
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The nature and geologic history of these deposits have
been discussed in detail by Sayre and Livingston* and
Ruhe**. These deposits are very firm from the engineer-

ing standpoint and excellent materials for foundation
support.

i o & @ A 3
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Thin Rio Grande terrace deposits, composed of clean sand
and gravel, overlie the older alluvium at some areas at
the plant. These materials are apparently the origin of
some of the fills found in the Present investigation.

In the investigation for the 825 foot stack, blue-gray
shale was encountered beneath the older alluvial depos-
its at 78 feet (at approximate elevation 3699.0 feet).

In the course of plant development, arroyos have been
filled with heterogeneous fill materials. These highly
variable fills are composed of slag (cooled in-place),
redeposited slag, crushed rock, brick, metal, concrete

L ) f s |

A |

*Sayre, A. N. and Livingston, P., "Ground Water Resources

of the El Paso, Texas Area", U. S. Geological Survey Water
Supply Paper 919, 1945,

**Ruhe, R. V., "Geomorphic Surfaces and Surficial Deposits in
Southern New Mexico', Memoir 18, State Bureau of Mines and

Mineral Resources, New Mexico Institute of Mining and Tech-
nology, 1967. '
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fragments, other debris and native soils excavated from
the site (both older alluvial deposits and more recent
terrace deposits). Although, in various investigations
the f£ills have been found to be generally dense or firm,

loose zones have been encountered at many locationms.

Soil Profile

Fill was encountered in all nine of the borings made in
this investigation and extended to depths varying from
approximately 17 to 33 feet below existing grade.

The fill encountered in borings 1, 2 and 3 consisted of
granular soils intermixed with slag and debris. Fill at
the remaining borings is composed predominantly of gran-
ular materials, but contains scattered debris.

In some cases, it was extremely difficult to estimate
the exact extent of the fill because it is composed of
alluvial deposits excavated at the site, which are the
same as the underlying native materials. In some zones,
the presence of a large number of fractured particles of
different mineral types was the only indication of fill.
These materials are apparently crushed aggregate import-
ed to the site,

The f£ill is generally firm or dense, but contains some
looser zones. Saturation would, undoubtedly, greatly
increase the compressibility of some zones of the s,

N
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Native soils beneath the i, wolee very firm to hard ce-
mented clayey sand, gravel and cobbles (older alluvium),

4.3 Ground Water & Soil Moisture Conditions

No free ground water was encountered in the borings and
moisture contents were relatively low except for a zone
at the base of the fil1l in boring 2. In previous in-

vestigations, isolated zones of perched water have been
encountered above the contact of the older alluvial de-
Posits. Perched ground water was encountered in boring
A5 for the Converter Flue System (SHB Job No. E71-193,
see site plan in this report). It is possible that this

5. DISCUSSION & RECOMMENDATIONS

5.1 Analysis of Results

As discussed in Sections 4.1 and 4.2, f£ill at the site
1s generally firm but zones of looser fill were encoun-
tered both in this investigation and in previous studies,

Isolated looser zones O RN probably would be Suscep-
tible to large settlements under the loads anticipated,
particularly if they should become saturated due to
surface water infiltration, ruptured conduits, etc.

In view of the fil1l conditions described above, three
alternatives of foundation design are recommended for

g; SERGENT, HAUSKINS & BECKWITH
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consideration. Their applicability will depend on sensi-

. tivity of the structures to differential settlements and

the relative costs of initial foundation treatment versus

costs of releveling the structures in the future, should

excessive settlements occur. The recommended alternatives

are as follows:

A,

Remove the existing fill to a depth of 2.0 feet
below base of footing. Inspect the exposed sur-
face and remove any zones of loose fill present.
Compact cut surface with a vibratory roller to
densify any loose zones near the surface, then
bring the area to grade with properly compacted
engineered fill. Support the structures on shal-
low spread-type or mat-type foundations designed
at low bearing pressures. Make provision for re-
leveling structures, should excessive settlements
occur, Flue supports and steel building columns
could be designed to be releveled by jacking and
shimming. Waffle-type slabs, which could be re-
leveled by grouting, could be designed for the
fans and similar structures.

Support the structures on drilled pier founda-
tions extending to the firmer native soils.

Remove and properly recompact all the fill pres-
ent, discarding coarse particles and debris and
support structure on shallow foundations bearing
on the engineered £ill.

A degree of calculated risk is, of course, 1involved with

alternate A. However, the possibility of large settlements
occurring with this approach appear to be slight. Consid-
ering the depth of fill involved, this approach appears to
be most practical for all structures except, possibly, the
fans. If dynamic design criteria are critical, it may be
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necessary to employ alternates B or C in order to obtain
sufficiently stiff support.

Approaches similar to alternate A were recommended for
the nearby 500TPD Converter Gas Acid Plant, Cottrell

Facilities and Converter Flue System. It is suggested
that the foundation systems selected for use for these
structures and their performance be reviewed in evalu-
ating foundation design alternates for this project.

Alternatives B and C are positive treatments which would
not be susceptible to excessive settlements. However,
due to the close proximity of existing structures, al-
ternate B may not be feasible. Because of the large £ill
depths, this approach would be relatively costly.

Past experience at the plant has demonstrated that drill-
ed pier excavations can be advanced through fill deposits
with large open flight auger equipment which is available
in E1 Paso. However, drilling through slag intervals is
often very difficult, and caving in the cleaner granular
fills creates both excavation problems and large overruns
of concrete quantities above neat volumes. Problems with
rig accessibility to some locations, isolated perched
ground water and obstructions of large debris are also
possible. It would be necessary to set casing to enable
hand cleaning of loose materials from the base of drill-
ed piers. Thus, drilled piers would also be a relatively
costly system.
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If alternate A is used for flues, flexible joints in the
flues should be provided to allow for differential move-
ment. With alternate A, flexible connections should be
provided for any conduits leading to structures. Positive
site drainage, as recommended in Section 5.6, would be of
critical importance with this alternate.

Detailed recommendations for alternates A, B and C are
presented in Sections 5.2, 5.3 and 5.4, respectively,

5.2 Alternate A - Shallow Foundations Over Existing Fill

5.2.1 Design Criteria for Downward Loads

Shallow foundations over existing f£ill, with the special
grading provisions outlined in Section 5.2.5, are rec-
ommended as an alternate. Recommended design criteria
are as follows:

Safe Soil
Loading Condition Bearing Pressure
Dead loads 15500 psiE
Dead plus live loads 2,000 psf
Dead plus live plus
wind or seismic loads 2,500 psf
Minimum Depth* 1.5 feet
Minimum Width - Square Foundations 2.0 feet

Continuous Foundations 1.33 feet

*Below the lowest adjacent finished grade.
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2.4

Provisions for flexibility of structures and releveling
should be incorporated into design as discussed in Sec-
tion 5.1.

Lateral Loads

Passive soil resistance against edges of footings, stem
walls, etc., with properly compacted backfill, should
be considered as being equal to the forces exerted by a
fluid of 300 pounds per cubic foot unit weight, A coef-
ficient of friction of 0.40 is recommended for computing
the lateral resistance between the bases of footings and
slabs and the soil in analyzing lateral loads.

Upward Loads

The safe capacity of foundations subjected to upward
loads should be calculated on the basis of the weight

of the foundation plus the weight of soil above the foun-
dation within a prism bounded by lines projected outward
from the top edge of footings 30 degrees from the verti-
cal. A soil density of 120 pcf is recommended for these
computations. This is based on backfill around and above
the footings being compacted in accordance with recom-
mendations in Section 5.5.1. A factor of safety of at
least 1.5 should be applied to ultimate capacities for
short-term loads and 2.0 for long-term loads.

Estimated Settlements

It is estimated that settlements of foundations designed

\ ¥
o\
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in accordance with above criteria probably will not ex-
ceed ¢ inch for present moisture conditions in the fill.
There is a remote possibility of greater settlements due
to the isolated loose zones. As stated in Section 5.1,
saturation of the fill could create large additional set-

tlements.

Special Grading Provisions

Existing fill should be overexcavated to a depth of 2.0
feet below base of foundation elevation. Overexcavation
should be carried out for at least 2.0 feet outside foun-
dation perimeters. After overexcavation, the exposed cut
surface should be inspected by the geotechnical engineer
for any loose zones. Loose zones encountered should be
removed and replaced with properly compacted fill. The
cut surface should then be heavily watered and subjected
to 15 passes of a vibratory roller. As heavy vibratory
rollers as possible should be used depending on accessi-
bility of the particular area and sensitivity of existing
facilities to roller vibrations. The area should then be
brought up to grade with engineered fill in accordance
with Section 5.5.

5.3 Alternate B - Drilled-and-Belled Piers

5.3.1 Recommended Design Criteria

Drilled-and-belled piers, extending at least 1.0 foot in-
to the firm, older alluvial deposits underlying the £ill,
are recommended as an alternate foundation system.
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5.3:2

A safe soil bearing pressure of 20,000 psf is recommended
for design of the piers on an end-bearing basis. This val-
ue applies to full dead plus live loads and can be safely
increased by one-third for the total loads including wind
or seismic forces. This bearing pressure is based on
manual cleaning of loose materials from the end-bearing
areas. Minimum shaft diameter for drilled piers should

be 2.5 feet.

Construction & Inspection of Drilled Piers

All belled pier excavations should be entered and in-
spected by a representative of the geotechnical engineer
to insure proper cleaning. The inspector should contin-
uously observe placement of concrete in all drilled pier
excavations to insure that caving does not affect the
foundations.

Potential construction problems that may be encountered

are discussed in Section 5.1. Because of these potential
problems, if drilled piers are considered, it is recom-
mended at least two large diameter test holes be drilled
through the fill to investigate the exact nature of the

construction conditions.

Concrete should be placed through a hopper and other de-
vice approved by the geotechnical engineer so that it is
channeled in a manner to free fall and clear the walls of
excavations and reinforcing steel until it strikes bottom.
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5.3.4

A steel discharge pipe may be necessary for proper con-
crete placement. Adequate compaction will be achieved by
free fall of the concrete up to the top 5.0 feet. The top
5.0 feet of concrete should be vibrated to achieve proper
compaction. The concrete mix should be designed with re-
spect to strength requirements so that it can be placed
at a slump in the range of 4 to 6 inches.

Estimated Settlements

It is estimated that settlements of foundations designed
in accordance with the above criteria will not exceed 2
inch. Settlements are expected to occur rapidly with
the major proportion being completed at the end of
construction. '

Resistance to Lateral Loads

A passive soil resistance of 1,000 pounds per square foot
per foot of depth is recommended for the design of isola-
ted piers against lateral forces.

Drilled-and-belled piers should be considered as being
straight drilled piers of the diameter of the shaft in
calculating lateral capacity. Piers can be considered
isolated when they are spaced 3 diameters or more on cen-
ter perpendicular to the line of thrust, and 6 diameters
Or more on center parallel to the line of thrust.
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A factor of safety of 3 is recommended in applying the

ultimate lateral bearing pressures (passive resistance)
to design. With this factor of safety, it is estimated
that lateral movements at the top of the plers will be

less than 0.1 inch.

Where methods based upon the concept of a beam on an
elastic subgrade are used in design, a constant of mod-
ulus of horizontal subgrade reaction (nh) of 40 pounds
per square inch per inch is recommended.

Resistance to Upward Loads

The allowable capacity of drilled-and-belled plers sub-
jected to upward loads should be calculated on the basis
of the weight of foundation plus the weight of the soil
above the base within a prism bounded by lines projected
outward from the bottom edge of the bell at 30 degrees
from the vertical. A soil density of 120 pcf is recom-
mended for these computations. A factor of safety of at
least 1.5 should be applied to ultimate capacities for
short-term loads and 2.0 for long-term loads.

5.4 Alternate C - Overexcavation & Replacement of All

Existing Fill & the Use of Shallow Foundations

5.4.1 Recommended Design Criteria for Downward Loads

Removal and replacement of all existing fill and the use
of shallow foundations bearing upon engineered fill is
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recommended as an alternate. With this approach, recom-

mended foundation design criteria are as follows:

Safe Soil
Loading Condition Bearing Pressure
Dead loads 3,000 pst
Dead plus live loads 4,500 pst
Dead plus live plus
wind or seismic loads 6,000 psf
Minimum Depth#* 1.5 feet
Minimum Width - Square Foundations 2.0 feet

Continuous Foundations 1.33 feet

*Below the lowest adjacent finished grade.

5.4.2 Lateral & Upward Loads

5.4.3

S5.4.4

Criteria presented in Sections 5.2.2 and 5.2.3 should be
used for the design of foundations for the resistance of
lateral and upward loads.

Estimated Settlements

It is estimated that settlements of foundations designed
in accordance with the above criteria will not exceed &

Special Grading Recommendations

All existing fill should be overexcavated to the contact
of native soils. Overexcavation should be carried out

i

_—.’_.
\ »
o\ i

| SERGENT, HAUSKINS & BECKWITH

| CONSULTING SOIL AND FOUNDATION ENGINEERS
PHOENIX + TUCSON *+ ALAUQUEAQUE + £L PASO

|
{



j Converter Building
Evacuation System
; El Paso Plant
j El Paso, Texas
SHB Job No. E76-2004

for a horizontal distance outside the perimeters of the

!ja structures equal to the depth of underlying fill. Com-
plete overexcavation of existing £ill should be verified

1 by inspection by the geotechnical engineer. The site

-gl should then be brought to grade with properly compacted

engineered fill as outlined in Section 5.5.

5.5 Site Grading & Slab Support

5.5.1 Engineered Fill

All engineered fill placed beneath, or adjacent to, the

1 structures, including backfill, should be free of ex-
JI cessive vegetation and organic matter, debris and other
s deleterious material. The gradation, as determined by
_I ASTM D422, should be as follows:
) Sieve Size Percent Passing
_l (Square Openings) by Weight
6 inch 100
.] no. 40 70-100
no. 200 0-20

The plasticity index of the engineered fill should be no

| greater than 5 when tested by ASTM D423 and D&424.
i Much of the existing fill at the site will meet these re-
]I quirements and nearly all can be used with some blending.

However, it will be necessary to discard large debris.

1
g :
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|
g All engineered fill should be compacted to a minimum
® of 95 percent of maximum density as determined in ac-
. cordance with ASTM D1557.
X
" 5.5.2 Site Grading Requirements
¥ Special recommendations for grading treatment for foun-
; dation alternates A and C are given in Sections 5.2.5
Y and 5.4.4, respectively.
1 For alternates A and B, the following treatment is rec-
" ommended for slab support for the baghouse. Existing
i £ill should be removed to a depth of 1.0 foot below base
L of slabs. The cut surface should then be carefully in-
spected and any loose zones should be overexcavated and
¥ replaced with properly compacted engineered fill. The
‘ ground surface should then be heavily watered and sub-
[ jected to 10 passes of a vibratory roller (a roller of
I 10 tons minimum weight should be used, if it does not
{ adversely affect existing facilities). After compaction
' of the ground surface, the site should be brought up to
[ subgrade elevation with properly compacted engineered

5 S

Eat 1L

Structural Design of Slabs

With the site grading treatment recommended in Section
5.5.2, a modulus of subgrade reaction (K) of 300 pounds
per square inch per inch is recommended for the struc-
tural design of concrete floor slabs cast-on-grade.

A'_-.
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Converter Building
Evacuation System

El Paso Plant

El Paso, Texas

SHB Job No. E76-2004

5.6 Site Drainage & Moisture Protection

As previously stated, saturation of looser zones of fill
could create excessive settlements of shallow footings or
slabs if alternates A or B are used. Thus, positive site
drainage should be provided during construction and main-
tained thereafter. Free drainage should be afforded for
storm runoff so that long-term ponding of water does not
occur adjacent to footings. Special care should be taken
to insure that roof runoff does not erode areas where wa-
ter can accumulate and pond. The possibility of moisture
infiltration beneath structures, in the event of plumbing
leaks, should be considered in the design and inspection
of underground water and sewer conduits or other pipes
transmitting fluids.

i
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TEST DRILLING EQUIPMENT & PROCEDURES

Drilling Equipment Truck mounted CME-55 drill rigs powered
with 4 or © cylinder Ford industrial engines are used in ad-
vancing test borings. The 4 cylinder and 6 cylinder engines
are capable of delivering about 4,350 and 6,500 foot/pounds
torque to the drill spindle, respectively. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000
pounds downward force. Drilling through soil or softer rock
is performed with 6%" 0.D., 31" I.D. hollow stem auger or 4%"
continuous flight auger. Carbide insert teeth are normally
used on the auger bits so they can often penetrate rock or
very strongly cemented soils which require blasting or very
heavy equipment for excavation. Where refusal is experienced
in auger drilling, the holes are sometimes advanced with tri-
cone gear bits and NW rods using water or air as a drilling
fliadidy

Sampling Procedures Dynamically driven tube samples are
usually obtained at selected intervals in the borings by the
ASTM D1586 procedure. Two inch 0.D., 1-3/8" I.D. samplers
are used in many cases to obtain the standard penetration
resistance. ''Undisturbed" samples of firmer soils are of-
ten obtained with 3" 0.D. samplers lined with 2.42" T, D
brass rings. Driving energy is generally recorded as the
number of blows of a 140 pound 30 inch free fall drop ham-
mer required to advance the samplers in 6 inch increments.
However, in stratified soils, driving resistance sometimes
1s recorded in 2 or 3 inch increments so that soil changes
and the presence of scattered gravel or cemented layers can
be readily detected and realistic penetration values obtained
for consideration in design. These values are expressed in
blows per foot on the logs. '"Undisturbed" sampling of softer
soils is sometimes performed with thin walled Shelby tubes
(ASTM D1587). Where samples of rock are required, they are
obtained by NX diamond core drilling (ASTM D2113). The tube
samples are labeled and placed in watertight containers to
maintain field moisture contents for testing. When neces-
sary for testing, larger bulk samples are taken from auger
cuttings.

Continuocus Penetration Tests Continuous penetration tests

are performed by driving a 2" 0.D. blunt nosed penetrometer
adjacent to or in the bottom of borings. The penetrometer
is attached to 1-5/8" 0.D. drill rods to provide clearance
to minimize side friction so that penetration values are as
nearly as possible a measure of end resistance. Penetration
values are recorded as the number of blows of a 140 pound 30
inch free fall drop hammer required to advance the penetrom-
eter in one foot increments or less.

Boring Records Drilling operations are directed by our

field engineer or geologist who examines soil recovery and
prepares boring logs. Soils are visually classified in ac-
cordance with the Unified Soil Classification System (ASTM
D2487) with appropriate group symbols being shown on the
logs.

SERGENT, HAUSKINS & BECKWITH

CONSULTING SOIL ANO FOUNDATION ENGINEE RS
PHOENIX « TUCSON ¢ ALBUUUTROUE + €L PASO

"_-
\ @ |}
o\ |

A-1



UNIFIED SOIL CLASSIFICATION SYSTEM

Soils are visualtly classified by the Unified Soil Classification system on the boring logs presented in this report.
Jrain-size analysis and Atterberg Limits Tests are often pertormed on selected samples to aid in classification.
The classification system is briefly outlined on this chart. For a more detatled description of the system, see **The
Unified Sorl Classification System®’ Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised April
1960) or ASTM Designation: D2487-66T.

MAJOR DIVISIONS St gfn?a%ﬁ TYPICAL NAMES
= =GO = 1
: 3 XSQﬁ) GW Well graded aravels, gravel-sand mixtures,
9-; CLEAN GRAVELS -0' 3 or sand-gravel-cobble mixtures,
= A
il (Less than 5% passes No. 200 sieve)
2"6 ) GP Poorly graded gravels, gravel-sand mix-
5 g mi tures, or sand-gravel-cobble mixtures.
> v o T
o -g ;.'t 2 4 Limits plot below [ 0
i Ons & GRAVELS WITH A’ line & hatched zone ’ GM Silty gravels, gravel-sand-silt mixtures.
8 2 3 g FINES on plasticity chart
a o :3_‘3 (More than 12% Limits plot above /
Wz @ passes No. 200 sieve) | “*p** (ine & hatched zone GC |Clayey gravels, gravel-sand-clay mixtures.
= 0 - on plasticity chart A
~ ‘J’, = o Qo g
3 -4
&\ w2 00oo0o
g g-% CLEAN SANDS b o 00 d Sw Well graded sands, gravelly sands.
<°( 3 Cu (Less than 5% passes No. 200 seive) > o o0 g
O § ] ®eee0 e gp Poorly graded sands, gravelly sands.
£ a 2 ” o 0o g
(] = 8 g = 1=
g g e 9 Limits plot below h{®le|® d
g 8o SANDS WITH ‘*A’" line & hatched zone bl%lol0 { SM Silty sands, sand-silt mixtures.
"y = ? FINES on plasticity chart b|°lole
Q
52 (More than 12 % passes Limits plot above {uo° 0%
= g No. 200 sieve) A’ line & hatched zone (o a"oﬁ SC Clayey sands, sand-clay mixtures.,
= on plasticity chart °ﬂo 4%
5 .
] gg SILTS OF LOW PLASTICITY ]“ l Inorgantic silts, clayey silts with slight
BUYT T (e T ] [ ML |piasticity.
an »ewd {Liquid Limit Less Than 50) |
B8 |525.5 : _ ;
80 |5 ¥ SILTS OF HIGH PLASTICITY Inorganic silts, micaceous or diatoma-
a2 EgE2 MH : ] Is. elastic silt
o3 | sz (Liquid Limit More Than 50) R U RS T Il
25 = .
< g§ 5 Ex CLAYS OF LOW PLASTICITY Inorganic clays of low to medium plas-
&5 2ou i TV CL |ticity, gravetly clays, sandy clays, silty
Q%5 |2 N {Liquid Limit Less Than 50) 'y clays, fean clays.
£8% |<35:%
g Ugé@é CLAYS OF HIGH PLASTICITY / , |Inorganic clays of high plastic;it_y. fat
I 3¢ (Liquid Limit More Than 50) CH clays, sandy clays of high ptasticity.
= 1
NOTE: Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with limits
plotting in the hatched zone on the plasticity chart to have double symbol.
PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS
60
"/ SOIL COMPONENT PARTICLE SIZE RANGE
50
] CH /’
2 40 pra Cobbles Above 3 in.
z LW AILINE Gravel 3 in. to No. 4 sieve
= == | Coarse gravel 3in. to % in.
o 30 Fine gravel % in. to No. 4 sieve
= cL / J Sand No. 4 to No. 200
g 20 A MH Coarse No. 4 to No. 10
& CLML Medium No. 10 to No. 40
“7 / Fine No. 40 to No. 200
10 3 ! Fines (silt or clay) Below No. 200 sieve L
AN ML [
0
0 10 20 30 40 50 60 70 80 30 100
LIQUID LIMIT
2
s A SERGENT, HAUSKINS & BECKWITH
| 1/HB y CONSULTING SOIL ANO FOUNOATION ENGINEERS A _2
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSTITY, CONSISTENCY

OR FIRMNESS OF SOILS

The terminology used on the boring logs to describe the rela-
tive density, consistency or firmness of soils relative to the
standard penetration resistance is presented below. The stan-
dard penetration resistance (N) in blows per foot is obtained
by the ASTM D1586-67 procedure using 2" 0.D. - 1 3/8" I.D.
samplers,

1. Relative Density, Terms for description of relative
density of cohesionless, uncemented sands & sand-gravel
mlxtures.

N Relative Density
0-4 Very loose
5-10 Loose
11-30 Medium dense
31-50 Dense
50+ Very dense

2. Relative Consistency. Terms for description of clays
which are saturated or near saturation.

N Relative Consistency Remarks

0-2 Very soft Easily penetrated several
inches with fist.

34 Soft Easily penetrated several
inches with thumb.

5-8 Medium stiff Can be penetrated several

inches with thumb with
moderate effort.

9-15 Stiff Readily indented with thumb,

but penetrated only with
great effort.

16-30 Very stiff Readily indented with thumb-
nail.
30+ Hard Indented only with difficulty

by thumbnail.

3. Relative Firmness. Terms for description of partially sat-

urated and/or cemented soils which commonly occur in the
Southwest including clays, cemented granular materials,
silts and silty and clayey granular soils.

N Relative Firmness
0-4 Very soft
5-8 Soft
9-15 Moderately firm
16-30 Firm
31-50 Very firm
50+ Hard

\ o |
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proJecT_Converter Building Evacuation System LOG OF TEST BORING NoO. [
JoB N0.E76-2004 paTe_ 2-10-76 S

T - 3" 0.0, thin-walled Shelby tube. A-S

N 5 RIG TYPE CME-55
<38 B e BORING TYPe_6%'" Hollow Stem Auger & &
3| ac gifes = e 56 | =§ | SURFACE ELEv,_3778.25" Flight Auger
c | §5E | 3 |5 8%s | 25 | ¥ | 8% | oatum ASARCO
s (=55 | 5. [2|a|gs5| 28 | 2§ | 3%
§ &8 £ lals é?f 3 o5 £a REMARKS VISUAL CLASSIFICATION
0 e Concrete Paving, very
e = MW eI dgggriorggg@
, FILL
; 5 16 10 very loose SAND, GRAVEL & COBBLES,
some SILT, little CLAY,
: some SLAG fragments
] nonplastic to low plas-
Rock in bit. ticity, variable color
3 | 10 28 ig@ple Fill consists of debris
; including furnace liner
bricks, wire & glass
, fragments, etc. Consid-
it erable voids between
¢ |15 68 7 bricks.
, GpP-
!
' BTy GM Sampler
-4;;§ refused on.
i 20 wier ==5 50/3" 7 brick
L fﬁ?§ HSA refused
s . at 23' on
! boulder,
] CFA to 34"
25
4
30 .
' : Bottom of fill appears
2, to be at 33'+
| 2
| 11 very dense Silty SAND & GRAVEL,
35 ¢, =5 50/5%"(no recovery) some COBBLES, little
P CLAY, nonplastic to
r ) GM low plasticity, gray
40 |- 0 Kool ]
e lleesESaYES /; e O R
F. R L L e T 3
L Stopped auger at 39'6"
Sampler refused at
| 45 40'5"
# Boring Coordinates
| South 1646
, East 682
‘ GROUND WATER }
- perth | nour | oare | SAMRIC TR {5} SERGENT, HAUSKINS & BECKWITH
A -~ Auger cuttings. B - Block sample -'/
: none S - 27 0.D. 1.38" 1.D. tube sample. 7 8| CONSULTING SOIL AND FOUNDATION £ NGINE ERS
; l U - 3.. O.D. 2.4?,, I.D. tube somple. —t~ PHOENIX + TUCSON * ALBUOQUERQUE = €L PASO
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~srROJECT Converter Building Evacuation System
J0B N0.E75-2004 pATE

2-18-76

LOG OF TEST BORING NO._ 2

. ! RIG TYPE CME-55
S3E g | 5= BORING TyPe_0%" Hollow Stem Auger & 4"
A D dros Bl 2 €6 | =5 | surFaceeLev._3777.89" Flight Aucer
e pEE s Flgfg | 22 2% | 8% | patum ASARCO
§ ééi PR HHEEE ‘;g of EE REMARKS VISUAL CLASSIFI
8 | 8&c | 53 |6|6| w22 | ad 25 52 ASSIFICATION
U = : Concrete Paving, very
T——-.____ | weak, deteriorated
very loose FILL, consisting of
"y SLAG & furnace liner
5 50/5"(no recovery) bricks, some debris
(wire, etc.), black.
Considerable voids
between slag fragments
10 50/2" 12 & bricks.
15 50/3" 2 Reddish SLAG predomi-
ates from 15' to 25'+
GP
20 505 1
25 Black SLAG predomi-
19 1 nates below 25'
High mois-
ture content
¢ 68 8 with yellow
collortat-gon
e Bottom of £fill at 34'+
: 57T - v i Mol
35 “’ =15 DS i very dense Clayey SAND & GRAVEL,
0 e some COBBLES, low to
Py ' medium plasticity,
brown
| 40 ,1' S8 50)7 I 8
Stopped auger at 39'6"
Sampler refused at
39 1 ’7”
Boring Coordinates.
South 1646
East 627
GROUND WATER - ;
SAMP P e
DEPTH [ HOUR DATE e cuﬁig:‘t Tg_Eslock e _1 S 7 . SERGENT, HAUSKINS & BECKWITH
l none S -~ 2" 0.D.1.38" {,D, tube sample. v B CONSULTING SOIL AND FOUNDATION ENGINE EAS
U e 3,, O.D. 2-4?,, :,D. Ube S Ie, —_— — PHOENIX + TUCSON * ALBUOULRQUE * EL PASO
| et 0 D) 1h|n-wn|led'5he|by .5be. t A-6



PROJECT Converter Building Evacuation Svstem LOG OF TEST BORING NO. 3
JoB NO. E76-2004 paTe 2-12-76
[ I = RIG TYPE CME-55
el : 5= BORING TYPE__6%'" Hollow Stem Auger, 4"
O gler & | 25 50 =5 SURFACE ELEV.3/75.14" Flight Auger &
' 2 §§§ 3 i ggg £ gé 8% DATUM ASARCO Tricone Gear Bit
oo frEnlEg B EL Hahah g2 500 e (s T8
l 51558 28 |5|&|8%5 | 23 25 | £z REMARKS VISUAL CLASSIFICATION
¥ S 2" Asphalt Paving
i T 4" Aggregate Base Course
I loose SLAG, maximum size +2",
GP no fines, black
] 5 5 1
] Bottom of slag £ill
: o _at 8'+
} g medium Possible FILL
23 2 dense SAND & GRAVEL, well
! ) graded, subrounded to
Gear Bit subangular, nonplastic,
g ? SW | from 12'to light brown
oo Vot
L9%6
o090
00
000
Bottom of layer at 19'+
e ==5 50/4"(no recovery) - .
: very dense Silty SAND & GRAVEL,
little CLAY, some
COBBLES, angular to
> O subangular, nonplas-
e —S 50/3%" 5 tic to low plasticity,
] GP- gray
GM
Bei =S 50/5" 7
. |
e hard Clayey SAND & GRAVEL
% =35 50/5" 9 some SILT & COBBLES,
neg GP- angular, low to medium
5 - GC plasticity, gray
Ry X ‘
P&t =mS 50/4" (no_recovery) | _ Pyt
Stopped auger at 39'6"
Sampler refused at
39'1L0"
Boring Coordinates
South 1646
East 400
GROUND WATER |
oEPTn | nour | DATE ' g AR {S =3 SERGENT, HAUSKINS & BECKWITH
- Auger cuttings. B _ Block sample = /
none S hnd 2“ O-D- 1038” lth 'Ube samp|e. 1- 7 B ‘ CONSULTING S5OIL AND FOUNDATION ENGINEE AS
U - 3.; O.D, . L RGN am ie — — PHOENIX + TUCSON * ALBUQUERQUE » EL PASO
LT 2,42 1D b p | A—7

.D. thin-walled She[by tube.




| CONSULTING SOIL AND FOUNDATION ENGINE ¢ RS

proJecT _Converter Building Evacuation System LOG OF TEST BORING NO. &
JOB NO. E76-2004 paTE_ 2-13-76
¢ N s RIG TYPE CME-55
! <88 w | i BORING TYyPe_ 6%" Hollow Stem Auger
Ei Bleca| 25 | 86 | =5 | surraceelev.___3774.7%"
s |385] 7 |o|5] %85| 3] | % | 3f | oatuw___ ASARCO
s | €38 | 3_ |=zfz]s8s5] 8¢ | 2§ | 3%
' g Ss81 58 5|3 é?g 5 | e5 | E8 REMARKS VISUAL CLASSIFICATION
| 0 R 2'"" Asphalt Paving
j 08, 3" Aggregate Base Course
0 -
A medium Silty SAND & GRAVEL
2 ‘.’[ES 30 3 dense to predominantly coarsc’a,
- g very dense some slag & brick,
’ L subrounded, nonplas-
i Tl EE= tic, brown
} = . =S 50/4" 1
ri 0'° :
! 2 £
L Had) FILL
20 =S 50/4" 5 GP-~
i 20 - 0 oc | hard Clayey SAND & GRAVEL,
0 some debris (brick,
0 W etc.) & limestone
.20 G = el fragments, low plas-
i ! 0 S 50/5" 6 GC ~~—_| ticity, brown
‘\very dense Clayey SAND & GRAVEL,
" well graded, angular,

: \\ nonplastic, light brown
L‘I Stopped auger at 23'6"
/ Sampler refused at
\ 2 'lll!

r' Boring Coordinates
| South 1586
| East 346
. 1
rl
PJ
|
| GROUND WATER [

b pErtn | nour | oaTE gtaIcR A [S =3 SERGENT, HAUSKINS & BECKWITH
| A ~ Auger cuttings. B ~ Block sample B /

none S - 2" 0.D. 1.38" I.D. tube sample. 11/ -B—

U - 3" 0.D. 2.42" 1.D, tube sample.
T - 3" 0.D. thknswolled Shelby tube.

|

PHOENIX » TUCSON * ALBUQUFROUE * EL PASO
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proJECT_Converter Building Evacuation System LOG OF TEST BORING NO. 5
joB NO.E76-2004 pate_ 2-13-76

L e | RIG TYPE CME-55
s 8 | [ BORING TYPE_ 63" Hollow Stem Auger
& il ot o g R 6 | =5 | SURFACE ELEV. 3773.62
e IEEE0 R |of5| 885 B | 22 | 25 | oarum 25ARCO
s (<53 2. |3|%]s28 ) 88 [ Z% | 3%
& | 5e3 g2 5] 33% [l ot c = REMARKS VISUAL CLASSIFICATION 1
fa) Oa X [G)pe] v ln|l 0-d (s =] 2o D0
| 0 —— 2" Asphalt Paving
' ;;g; N\ 4" AggregatgmBgsg_Epurse
5 gy FILL
/ LB d Silty SAND & GRAVEL
5 DB ense to ilty S i
_-‘.'.':"", S 36 1 very dense predominantly coarse,
little CLAY, predomi-
: nantly rounded to
: GP- subrounded, low plas-
110 =S 50/4" 6 CM ticity, light brown
to gray
Brick fra$ments from
eive O EES
q 1
9%
o Bottom of fill at
: L | about 19"+
20 uﬁﬁﬁ%fiﬂs 50/5%" 6 very dense Clayey SAND & GRAVEL,
e well graded, angular,
i GW- nonplastic, light brown
] ;t?'_.‘b": GC
;-..D:'::
} 25 &> S 50/3" 2
Stopped auger at 24'6"
Sampler refused at
24 1 9”
Boring Coordinates
South 1565
East 314
| |
GROUND WATER |
e s e = SR E 5 >3 SERGENT, HAUSKINS & BECKWITH
A - Auger cuttings. B _ Block sample — /
none S - 2" 0.D. 1.38" 1.D, tube sample. 17 8 | CONSULTING SOIL AND FOUNDATION ENGINEE RS
U ' 3., O.D, 2.42,, l.D. 'ube sample, ~'- PHOFNIX + TUCSON = ALBUQUERQUE * EL PASO
T 30,0, thinwulled Sheiby tubss A-9
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>poJecT_Converter Building Evacuation System LOG OF TEST BORING NO. 6

joB N0.E76-2004 paTe_ 2-13-76

RIG TYPE CME-55

A ] 5 2 8 _\ 00
s8¢ E e BORING TYPE__6%" Hollow Stem Auger
TS 8l 2051 25 g | =8 SURFACE ELEV. 5/775.137
| £ 882 )5 [L|5|eB5 ] 22 | S5 | 3 | aavn ASARCO
Elzis| so fBlBIESH O, | 48 | &3
a |88 | 65 |86 23| 58 25 £k REMARKS VISUAL CLASSIFICATION
|
| 0 \ 1" Asphalt Paving
\ | 3" Aggregate Base Course
I @ FILL
5 e medium SAND & GRAVEL, predomi-
Y S 66 2 .
. gp-| dense to nantly medium to coarse,
L, 9. GM | very dense some SILT & COBBLES,
0! little CLAY, nonplas-
8 tic to low plasticity,
I 10 I';'EZ:S 50/4" 3 light brown to brown
? ;_ Many broken syenite
ol fragments at 10!
o .Ll.o
f, o:o =S 50/4" Ui Apparent FILL
] ]

15 INE very dense SILTY SAND, consider-
I oleg? able gravel, nonplastic
gl olel? to very low plasticity,

ofolo b SM contains lime cemented

20 olele =S 50/5 L clods of soil and
5 o|2fo slivery broken quartz-
g 3:3 ite & basalt fragments,

2lo|® very light brown
%:25 olele .S 50/3"(no recovervy)
1
Stopped auger at 24'6"
5 Sampler refused at
24'9" apparently
on native soils
s |
: Boring Coordinates
3 South 1514
‘ East 378
El-‘
4
?.
k
GROUND WATER |
— SAMPLE TYPE =ttt
F BRI HOUR CAWE A - Auger cuttings, B - Block sample .."}/; SERGENT' HAUSKINS & BECKWITH
none S ~ 2" 0.D. 1.38" |.D, tube sample, 778 | CONSULTING SOIL AND FOUNDATION ENGINEERS
[ U 0 3.. O.D. 2.42.. I,D. tube snmple, —1-—— PHOENIK + TUCSON » ALBUQUERQUE + EL PASO
T - 3" 0.D. thin-welled Shelby tube., A-10
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JoB NO.E76-2004 paTE_ 2-13-76

’RoJECT_Converter Building Evacuation System L

OG OF TEST BORING NO. 7

. =k RIG TYPE CME-55
-y . sk BORING TYre__ 6%" Hollow Stem Auger
@ o0& ¢ = cc I
w free S| 252 | 25 | 89 | =§ | SURFACE ELEV. 3773.71
| < §§§ 3 |5 889 ] & 2o §§ DATUM ASARCO
- Séc | 55 |d|&|l a3 | &2 g5 . REMARKS VISUAL CLASSIFICATION
[ 0 2'' Asphalt Paving
N 2" Aggregate Base Course
| FILL
& 1 medium Silty SAND & GRAVEL,
dense to predominantly coarse,
very dense some COBBLES, little
CLAY, some limestone
fragments, nonplastic
10 3 to low plasticity,
light brown
GP-
GM
15 2 g
5 0% s 50/4" 3 e _
Stopped auger at 24'6"
Sampler refused at
24'10" apparently
on native soils
Boring Coordinates
South 1498
East 314
GROUND WATER |
— SAMPLE TYPE S
DERTH HOUR SR A - Auger cuttings. B — Block somple -1 S 7 SERGENT' HAUSKINS & BECKWITH
none S -2 0.D. 1.38" I.D. tube sample, L7 1 CONSULTING SOIL AND FOUNDATION ENGINEERS

U~ 3" 0.D, 2.42"" 1.D, tube sampie.
T o [3205D% thinsvaalled Shelby tube,

' A-11
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rRoJecT _Converter Building Evacuation Svstem LOG OF TEST BORING NO. 8
JoB NO.E76-2004 patTe_ 2-16-76 L S

L R RIG TYPE CME-55
c8E . 5% BORING Type__ 63" Hollow Stem Auger
8 | uc 81875 | 25 | 86 | =5 | surraceELEv. 3775.62"
ve | E2El s |L|5| 5% | Er | b3 | 8% | oarum ASARCO
R R s atfivatls e ateif e e 2.5 g &
a B 2o |E|E| 302 > 23 £4
§ ooy gS lgtarass | 52 25 5z REMARKS VISUAL CLASSIFICATION
6] !
! X 0 ; 2" Asphalt Paving
9.6 e 2'' Aggregate Base Course
-"o'.‘"- N e evimba s e - — eI - - e 3T J O -
.0 FILL
o dense to predomlnar}tly coarse, _
i ‘o 0 very dense some debris (bricks), :
A nonplastic, light brown !
.0’ GP- .
10 g =S 50/5" 7 GM ;
1 Py 2 {
:
|
15 ==5 50/3"(no recovery)
I
o S 50/4" 5 very dense Clayey SAND & GRAVEL,
20 CES e i= some SILT & COBBLES, :
' s GP- some lime, low plas- ;
' GC Eife)it light brown
i Ys g >
e - 3
g 2 5 ._:_-;‘ = S 5_0_/ 5 Y 5 C
Stopped auger at 24'6"
, Sampler refused at
24 |ll||
’ Boring Coordinates )
South 1434 :
l East 346 3
, :
S -
GROUND WATER |
Bered D Bos | e s et A ORE Ly [ ] _SERGENT, HAUSKINS & BECKWITH |
none S - 2" 0.D. 1.38" I.D. tube sample, ‘n/{; CONSULTING SOI1L AND FOUNDATION ENGINEERS f
U - 3.: OuD. 2'42., '.D. 'UbE sam Ie. —_— - PHOEMNIX « TUCSON ALBUQUERQUE *» EL PASO '
L T - 3" 0.D. thin-walled Shelby 'Sbe. 1 A-12 @




*ROJECT_Gonyerter Building Evacuation System LOG OF TEST BORING NO._ 9
J0B NO.E76-2004 paTe_ 2-16-76

RIG TYPE CME-55

BORING TYPe__0%" Hollow Stem Auger

SURFACE ELEV, 3780.51"

DATUM ASARCO

REMARKS VISUAL CLASSIFICATION

140 1b. 30’ free
fall drop hammer
Moisture Content
Percent of Dry Wt.
Unified Soit
Classification

Blows per foot
Lbs. per cu. ft.

Depth in Fee
Continuous
Penetration
Resistance
Graphical
Sample
Sample Type
Dry Density

2'"" Asphalt Paving
N 3" Aggregate Base Course

FILL

loose SLAG, maximum size +2",
1 some SAND, black

FILL

dense to SAND & GRAVEL, predom-
very dense inantly coarse, some
SILT & CLAY, consider-

8 able COBBLES, nonplastic
to low plasticity, brown
to gray

10

15

Numerous broken lime-
stone fragments at 10'
! 20

GP

25 2% 5 50/1"(no recovery)

30
Bottom of fill appears

to be a_t_j_?._%;‘i_

0 hard Clayey SAND & GRAVEL,
0-F o5 50/1" 2 predominantly medium

35 S EP= to coarse, some SILT &
2 e COBBLES, some lime,

o e low plasticity, brown

e S 50/1" 5

Stopped auger at 39'6"
Sampler refused at
SO

Boring Coordinates -

South 1358
East Sl

i GROUND WATER SAMPLE TYPE : |
DIEHATH LOOR DAYH - Auger cuttings. B _ Block sample =
none — 2

=) &

S0

SERGENT, HAUSKINS & BECKWITH

N
o\

0.D. 1.38"" I.D. tube sample. | CONSULTING SOIL AND FOUNDATION ENGINEE AS
" e~ PHOENIX + TUCSON + ALBUQUERQUE + EL PASO
O.D. 2,42 1,D, tube sample, t
(9),

D, thin.valled Shelby tube. A-13
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