
ATTACHMENT R

.



6

»':•

United Slates Department of the Interior
MINING KNIOIUTAII NT AM) SAKKIA ADMINISTRATION

(H\|. \l|\| M! \| in \\|) sm | ,v
lilviRM | «)

I'OM Ol I l( I HO\ l".o!7

!'l W f R Clll OR ADO W2\Ti

In Reply Refer To
EMS:D9-6029

Mr. Roger Dewey
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The information submitted on August 25, 1976, for the subject
site as required by Section 77.216-2(a), 30 CFR 77, has been
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Since a site visit was not made by our technical specialist, it
is assumed that the information submitted is correct and accurate
Should a subsequent inspection of the site reveal a deficiency,
additional information may then be required.
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SHB Job No. E76-29A

Attention: Roger Dewey, P.E

Re: Dam No. 1

Kayenta Mine
Navajo County, Arizona

Gentlemen,

Our Geotechnical Investigation Report on the referenced project

is herewith submitted. Included in this report are the results

of subsurface exploration and laboratory analysis, along with a

discussion of our engineering analysis and our conclusions and

recommendations.

Should any questions arise concerning this report, we would be

pleased to discuss them with you.

Respectfully submitted,

Sergent, Hauskins & Beckwith Engineers

By jWld ^-';C^/ '
Robert w. Crossley, E.1

Reviewed by Jx*A*Jfi&?n \>
H. Beckwith,

Copies: Addressee (4)
Peabody Coal Company
St. Louis, Missouri

Attn: Francis X. Kaiser^
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Dam No. 1

Kayenta Mine
Navajo County, Arizona
SHB Job No. E76-29A

1. INTRODUCTION

This report is submitted pursuant to a geotechnical inves

tigation made by this firm of Kayenta Pond, a fresh water

retention reservoir, MESA I.D. No. 1211-AZ-9-0001, located

at the Peabody Coal Company Kayenta Mine on Black Mesa in

Navajo County, Arizona. The general location of the site

is shown on Figure 1*.

An objective of this investigation was to evaluate the

physical properties of embankment materials and of the

soil and rock beneath the embankment in order to analyze

the safety of the dam. A second objective was to provide

recommendations for any remedial measures which might be

necessary to bring the impoundment in full compliance with

current "Design Guidelines for Coal Refuse Piles and Water,

Sediment or Slurry Impoundments and Impounding Structures"

published by the United States Department of the Interior,

Mining Enforcement and Safety Administration.

The scope of our investigation was limited to analysis of

geotechnical factors affecting dam stability. It is under

stood that Peabody Coal Company is performing the necessary

hydrological analysis.

:Figures and illustrations are presented in Appendix C.

s
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2. PROJECT DESCRIPTION

Details of the project were provided to us by Roger Dewey,

P.E., and Reynaldo Armijo, staff engineer, of Peabody Coal

Company.

The water retention pond was constructed in 1972 to pro

vide storage of fresh water to be used at Kayenta Mine

for dust control, washing, and to be mixed with coal for

transport in the coal-slurry pipeline to the Mohave Gener

ating Station in Nevada. The pond, which is fed as needed

from two wells through an 8-inch standpipe, has a bottom

elevation of 6603 and a maximum crest elevation of about

6618 at its lowest point near the southwest corner of the

embankment. Discharge into the pond is through a stand-

pipe near the center. At the time of our investigation,

the inside freeboard was about 5 feet.

The surface area of the pond is about 125,000 square feet

(2.9 acres) with inside slopes ranging from 3:1 to 4.3:1

(horizontal to vertical). It is estimated that if it was

filled to its crest elevation, the pond could contain at

most 1,000,000 cubic feet (22.0 acre-feet).

It is understood that the embankment is lined throughout

the inside slopes and bottom with a polyvinyl chloride

plastic membrane. The commercial product used was water

vinyl liner (PVC). Thickness is 0.015 inch on the bottom

and 0.020 inch on the slopes. It was furnished by Water

Saver Company, Inc. of Denver, Colorado. About 6 inches

of soil cover is present over the liner.

yr B
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Kayenta Mine
Navajo County, Arizona
SHB Job No. E76-29A

The pond is protected on all sides by a chain link fence.

There is a light growth of grass on the crest and side

slopes.

3. INVESTIGATION

3.1 Subsurface Exoloration

The subsurface exploration program, which was planned

and executed by this firm in order to provide the nec

essary geotechnical information, consisted of a total

of three exploratory borings. Borings numbered 7, 8 and

9 were drilled using 6 5/8" O.D., 3V I.D., hollow stem

auger through the dam embankment into the rock which pro

vides the foundation for the embankment. In borings 7 and

8, the drilling was continued until the auger or sampler

refused on hard sedimentary rock. Boring 9 was discontin

ued in weathered sandstone after penetration of 10 feet.

Standard penetration testing or open-end drive sampling
was performed at intervals of 5 feet or less in these

borings.

Results of the field investigation are presented in Appen

dix A which includes a site plan showing boring locations,

logs of the test borings and a brief description of drill
ing and sampling equipment and procedures. The subsurface
exploration was supervised by Robert W. Crossley, staff
engineer of this firm, who located the borings, continu
ously examined and logged the drill cuttings and drive
samples, and prepared the boring logs.

lX1
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Kayenta Mine
Navajo County, Arizona
SHB Job No. E76-29A

3.2 Laboratory Analysis

Grain-size analysis, Atterberg Limits, moisture-density

and direct shear tests were performed on selected samples

to aid in soil classification and evaluation of engineer

ing properties. Results of these tests are presented in

Appendix B along with a brief description of the testing

procedures.

3.3 Site Inspection

The site'was visited on April 14, 1976, by principal

engineer, George H. Beckwith and Robert Crossley of this

firm, along with Messrs. Roger Dewey, Francis Kaiser and

Reynaldo Armijo of Peabody Coal Company. The purpose of

this visit was to observe the present condition of the

pond and to perform a "brief reconnaissance of the adja

cent topography and geology.

3.4 Survey of Borings

Topographic and planimetric survey data of the pond area

were furnished to us by Peabody Coal Company of Kayenta,

Arizona on plates dated April 3, 1976 and April 21, 1976,

respectively.

4. GEOLOGY, EMBANKMENT & SEISMICITY

4.1 Aerial & Site Geology

Black Mesa, in the area of investigation, is composed of

s „
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rocks of Jurassic and Cretaceous ages. The surface

slopes gently to the southwest. The uppermost formation

of Black Mesa is the Wepo Formation, which has been erod

ed into parallel ridges and narrow valleys. 0'Sullivan

et al (21)* describe the Wepo as alternating siltstone,

mudstone, coal, and sandstone beds, and as 304 to 743

feet in thickness.

4.2 Geologic History & Structure

According to O'Sullivan et al (21), the Wepo Formation

was deposited primarily in a continental environment in

which siltstones, mudstones, coal and sandstone were laid

down. Locally, some marine sandstones are interbedded in

the formation.

Following deposition or" the Wepo Formation and younger

formations of Cretaceous age, the Navajo Country was af

fected by a structural period during late Cretaceous and

early Tertiary time - the Laramide Orogeny. This resulted

in an assortment of folds; such as basin downwarps, up

lifts , monoclines, anticlines and synclines (1). One of

the downwarps is the Black Mesa Basin. Black Mesa is a

dissected highland in the structural center of this basin

In late Tertiary and Quaternary time, the Navajo Country

was upwarped and locally faulted.

^'Numbers in parentheses correspond to references listed
at end of report.

s ,/
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Maps prepared by Cooley et al (1) show that the Wepo
Formation of the northern part of Black Mesa has been

warped by gentle monoclines and synclines and has not
been broken by faults. The nearest faults are shown as
30 to 50 miles north-northwest from the area of investi

gation, and these trend from eastward to northeastward.
Two east trending faults, about 4 to 5 miles long, are
about 30 miles from the site. Several northeast trending

faults as long as 12 miles occur about 40 miles from the

site.

4.3 Embankment Soils

4.3.1 Description of Soils

The embankment was found to be comprised predominantly

of clayey sand and clayey silt with lesser amounts of
clean sand and gravel mixtures. There is, in the upper
few feet of boring 7, a considerable amount of organic
carbonaceous material present. Penetration test data
indicates the embankment materials are generally moder

ately firm to firm or medium dense to dense. However,
scattered looser zones were present.

Moisture contents were very low throughout, with the
exception of the near surface soils in boring 7. High
er moisture contents in this zone apparently are the
result of recent snowmelt. Careful inspection of the
toe of the embankment revealed no evidence that there
has been direct seepage from the pond through the em
bankment or foundation.

SERGENT, HAUSKINS & BECKWITH
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4.3.2 Piping Potential

Sherard et al (2) have published a rough empirical

relationship of observed piping and soil types. Using

this criteria, the embankment materials probably would

fall into categories 4 to 5. The soil and rock founda

tion materials would have extremely high resistance to

internal erosion. In this system, soils are ranked

according to their resistance to piping; 1 being most

resistant and 8 being least resistant.

4.4 Seismology

4.4.1 Seismic History of the Area

Research was made of the seismic history of the general

area of the site. Trincipal source of information was

"Earthquake History of the United States" by Coffman and

Von Hake (3). It presents a table listing earthquakes in

the Western Mountain Region with intensities equal to or

greater than V on the Modified Mercalli Intensity Scale

of 1931. This table was used in compiling Table 1 of

this report, which lists historical earthquakes within

the general area of the site.

Other references that were used include the "Preliminary

Safety Analysis Report" (4) prepared by FUGRO, Inc. for
Arizona Public Service Company Palo Verde Nuclear Gen

erating Station west of Phoenix and Sturgul and Irwin's
report on "Earthquake History of Arizona and New Mexico"

(5).

J

S rS
SERGENT, HAUSKINS & BECKWITH

V



'

t

\ ^

-Dam No. 1

Kayenta Mine
Nava]o County, Arizona
SHB Job No. E74-29A

The earthquakes listed in Table 1 are plotted on Figure

2. The figure covers an area of about 420 x 500 miles

in Arizona, New Mexico, Utah and Colorado. As the data

shows, the region of the site is one of very low seis-

micity.

Figure 2 shows that within a 100 mile radius of the
site, only five earthquakes of intensity V or greater

have been recorded during historic time. Of these, the

closest epicenter to the site was an intensity VI earth
quake reported about 40 miles to the southwest in 1910,
while the intensity VI Ganado earthquake of January 16,
1950, was placed about 75 miles southeast of Black Mesa.

The largest tremor ever reported in northern Arizona was

intensity VII, occurring on January 15, 1906 near the
north rim of the Grand Canyon.

4.4.2 Significant Geologic Structure

As discussed in Section 4.2, no faulting is mapped in

the immediate area of the site. Minor faulting 40 to
50 miles north of the site is not considered capable

of creating an earthquake of sufficient intensity to
significantly affect the embankment.

Shown on Figure 2 are locations of significant faults
in the general region of the site which are known to
have been active during the Quaternary period (past
one million years). -These include the San Francisco
Mountain fault west of Flagstaff and the Verde fault

lX
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which has been mapped for 70 miles or more. These

faults are located more than 100 miles southwest of

the site. Also shown on Figure 2 are the north-south

trending Sevier, Hurricane, Toroweap and Grand Wash

fault zones in northwestern Arizona and southern Utah.

These zones of normal faulting are close enough to the

site to be of significance from a seismic risk stand

point. Their significance is discussed by Smith and

Sbar (20).

4.4.3 Previous Seismic Zoning & Estimated
Effect of Hypothetical Earthquakes

The northern portion of Arizona is located in Zone 2

on the Seismic Risk Map found in the current Uniform

Building Code. This means that the general area has

experienced in the past, and thus may experience in the
future, moderate damage corresponding to intensity VII

of the Modified Mercalli Scale. Richter (6) classified

the general area as intensity VIII occasional in a study

published in 1959. Based upon more detailed analysis,
Algermissen (7) classified the general area of the site
as intensity VII occasional. This type of zoning is
very general in nature and must be controlled by the
areas of higher risk within the zone. In a study by
the U. S. Geological Survey, based on both statistical
analysis of seismic history and evaluation of geology,
Algermissen and Perkins (8) have estimated a 50 year
return peak ground acceleration of less than O.Olg and
a 90 percent probable peak ground acceleration of about

I
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0.03g for the site. Recent studies by Bell Telephone

Laboratories (9) estimated 100 year return peak ground

acceleration of 0.03g for the site.

In a current study by the Applied Technology Council

(15) directed toward development of seismic design

methods for buildings, an EPA of less than 0.05g was

estimated for the site. A report of on-going II. S.

Geological Survey Studies (16), just published, esti

mated an EPA of less than 0.04g. For the latter two

studies, the EPA's of 0.05g and 0.04g were the lowest

contours reported. They state that for EPA's lower

than these values, wind normally controls the lateral

force requirements and, thus, lower contours are not

significant in seismic risk evaluation. The EPA's in

these two studies (15, 16) are both defined as values

with a 90 percent probability of not being exceeded in

50 years.

Estimates of EPA reported by the U. S. Geological Survey
in 1976 (16), in the general area of the site, are sub

stantially lower than corresponding values reported in

1972 (8).

Based upon data summarized by Howell and Schultz (10),
Bolt (11), Schnabel and Seed (12), Barosh (13) and Hays

et al (14), it is possible to roughly estimate the ef

fect of hypothetical earthquakes at the site. Maximum
credible earthquakes for a given fault can be estimated,

using this data, on the basis of length. The effects

SERGENT, HAUSKINS & BECKWITH
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at sites away from the fault can then be assessed uti

lizing various attenuation curves.

The foregoing analysis is based on these techniques.

Should an earthquake of magnitude 6 occur in the San

Francisco Peaks area, about 120 miles southwest of the

site, it would create an intensity of about 3.7 (MM)
and a peak ground acceleration of about 0.02g. Brack
eted duration (time during which acceleration is about

0.02g) would be 1 second at most. According to Schnabel
and Seed (12), predominant period would be about 0.8
seconds considering the subsurface profile at this

site.

Maximum credible earthquakes on the Sevier fault system,

and other major fault zones in southwestern Utah, would
produce peak ground accelerations of less than 0.02g with
a predominant period of perhaps 1.0 second. These zones
are 130 miles or more away from the site.

In summary, all data shows the site is in an area of
very low seismicity and, thus, a very low level of seis
mic risk is involved.

5. STABILITY ANALYSIS

5.1 Assumed Soil Parameters

Shear strength parameters were estimated from the results
of the direct shear tests performed under submerged con
ditions. The direct shear tests on submerged, remolded

1
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soils are believed to yield strength parameters which

are lower than might be expected for the actual compact

ed embankment at present low moisture contents. Most of

the embankment is below optimum water content as a result

of the effectiveness of the plastic liner. Because of the

low rate of strain and the soil type involved, the direct

shear tests are believed to yield essentially effective

stress parameters.

The effective shear strength and other parameters used

in stability analyses are as follows:

0' = 25°
- C - 100 lbs./sq.ft.

Density - Wet = 110 Ibs./cu.ft.

Submerged = 58 lbs./cu.ft.

5.2 Seismic Design Considerations

As stated in Section 4.4.1, this site is in an area of

very low seismicity. Based on assessment of this data, a
seismic coefficient of 0.05g was selected for use in anal'

ysis .

5.3 Methods of Analysis

Using the geometry shown in Figure 3, slope stability
analyses were made by various stability number methods
and verified by manual calculation utilizing the tradi
tional method of slices. The slope was assumed to be

SERGENT, HAUSKINS & BECKWITH
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fully drained, i.e., no seepage forces present. This

assumption is believed to represent present and probable

future conditions. Steady-state seepage would develop

only if the plastic liner were severely ruptured and

then would be present only in very localized areas. The

possibility of this condition is believed to be extreme

ly remote.

Stability number methods published by Hoek and Bray (17)

and Morgenstern and Bishop (18) were found to give mini

mum factors of safety.

5.4 Summarv of Results

Based upon the analysis methods and assumed shear strength

parameters described in Sections 5.1 and 5.3 above, the

following factors of s"afety were computed.

Height

28'

Slope

1.7:1

Factor of Safety

1.23 (1.12)*

"Number in parentheses is the estimated factor of
safety with 0.05g seismic coefficient.

The slope and embankment heights were taken from survey

data furnished by Peabody Coal Company. A documentation

of these figures is presented in Appendix C.

6. CONCLUSIONS & RECOMMENDATIONS

It is concluded that the dam embankment is safe for present

s y/
jr B
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conditions and foreseeable future operating conditions. It

is our conclusion that very high factors of safety against

slope failure exist for these conditions and thus no alter'

ations of the embankment are necessary for safety reasons.

The absence of elevated moisture within the embankment and

the absence of seepage at the toe clearly indicates that

the lining is functioning well and no significant leakage

is occurring. University of Arizona researchers believe

that membrane lining of the type used for the project can

be expected to perform for 25 years or more without dete

rioration, assuming proper soil cover. This is consistent

with results of a study by the Bureau of Reclamation (19)

which indicate a 10 mil PVC plastic lining buried for 10

years gave excellent performance. Bacteriological dete

rioration was slight, and strength and tensile properties

were only slightly affected. PVC lining was also shown

to be the most tear resistant of all plastic liners. The

entire pond is enclosed by a chain link fence so there is

little likelihood of livestock or wild animals damaging

the membrane. Thus, it is concluded that the embankment

is likely to perform as a dry slope for 25 years or more.

It is recommended that the condition of the soil cover be

periodically inspected and, should the PVC lining become

exposed due to erosion, the cover be replaced.

Even if the lining should develop major leaks, it is our

conclusion a sufficiently high factor of safety against

s ts
•s
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slope failure would exist. It is further concluded,

considering the seepage gradients which would exist in

the event of leakage, that the embankment would not be

susceptible to piping or internal erosion.

Because of the low estimated EPA, it is concluded that

the embankment would not have the potential for lique

faction, even if portions of it became saturated.

SERGENT, HAUSKINS & BECKWITH
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Navajo County, Arizona
SHB Job No. E76-29A
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TEST DRILLING EQUIPMENT & PROCEDURES

Drilling Equipment T
with 4 or 6 cylinder F
vancing test borings,
are capable of deliver
torque to the drill sp
advanced with twin hyd
pounds downward force,
is performed with 6V
continuous flight auge
used on the auger bits
very strongly cemented
heavy equipment for ex
in auger drilling, the
cone gear bits and NW
fluid.

ruck mounted CME-55 drill r
ord industrial engines are
The 4 cylinder and 6 cylin
ing about 4,350 and 6,500 f
indie, respectively. The s
raulic rams capable of exer

Drilling through soil or
O.D., 3£" I.D. hollow stem
r. Carbide insert teeth ar
so they can often penetrat
soils which require blasti

cavat ion. Where refusal is

holes are sometimes advanc
rods using water or air as

igs powered
used in ad

der engines
oot/pounds
pindle is
ting 12,000
softer rock

auger or 4%*'
e normally
e rock or

ng or very

experienced
ed with tri-

a drilling

Sampling Procedures Dynamically driven tube samples are
usually obtained at selected intervals in the borings by the
ASTM D1586 procedure. Two inch O.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" O.D. samplers lined with 2.42" I.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
is 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.

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
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UNIFIED SOIL CLASSIFICATION SYSTEM
Soils are visually classified by the Unified Soil Classification system on the boring logs presented in this report.
Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classif.cet.on.
The classification system is briefly outl.ned on this chart. For amore detailed descr.pt.onof the systerrusee The
Unified Soil Class.f.cat.on System" Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised April
1960) or ASTM Designation: D2487-66T. ^—— " "'' '" ~ '"
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(Less than 5% passes No. 200 sieve)

vel-sand mixtures.
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T'k. •rtM PW IWe" graded Pfavels- 9rar.VV.Uyd | or sand-gravel-cobble m

GRAVELS WITH

FINES

(More than 12 %
passes No. 200 sieve) *A" line & hatched zone

on plasticity chart

CLEAN SANDS

(Less than 5 % passes No. 200 seive)

Limits plot below . \w| j«
"A" tine & hatched zone '

on

p o O o d

jo o 0 ° <*

• • 4

P*"
Limits plot below b'c o{° 14

"A" Ime & hatched zone B!°!C!°!J SM
on plasticity chart

SANDS WITH

FINES .

(More than 12 cc passes
No. 200 sieve)

Limits plot above"A" hne &hatched zone (*%%*%& SC ;Clayey sands, sand-clay mixtures.
on plasticity chart

SILTS OF LOW PLASTICITY

(Liquid Limit Less Than 50)*'

SILTS OF HIGH PLASTICITY

(Liquid L.mit More Than 50

CLAYS OF LOW PLASTICITY

(Liquid Limit Less Than 50)

CLAYS OF HIGH PLASTICITY

(Liquid Limit More Than 50)

IPoorly graded gravels, gravel-sand mix-
i tures, or sand-qravel-cobble mixtures.

iine « natcneu cona , !»riT| GM ISi Ity gravels. grave!-sand-si It mixtures
hi plasticity chart | L l#l
Limits plot above \4y4A/*i _X^Vij QC i Ciavey gravels, gravel-sand-clay mixtures.

Aen graded sands, gravelly sands.

SP ;Poorly graded sands, gravelly sands.

SiltV sands, sand-silt mixtures.

inorganic silts, clayey silts with slight
plasticity.

jInorganic silts, micaceous or diatoma-
ceous snty soils, elastic silts.

IInorganic clays of low to medium plas-
CL [ticity, gravelly clays, sandy clavs. silty

jdays, .ean clays.

amc clays of high plasticity, fat
sandy days of high plasticity.

1 n, k«»..««« go o 100 n,cc,nn thp No 200 sieve and fine grained soils with limitsNOTE: Coarse grained soils with between 5 • & M - passing me 1ju. *a j »i«vc o««j y
plotting mthe hatchec zone on the plasticity chart to have double symbol.

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS

SOIL COMPONENT

Cobbles

Gravel

Coarse gravel
Fine gravel

Sand

Coarse

Medium

Fine

Tines (Silt or clay)

PARTICLE SIZE RANGE

Above 3 m.

3 m. to No. 4 sieve

3 in. to '« in.

34 in. to No. 4 sieve

No. 4 to No. 200

No. 4 to No. 10

No. 10 to No. 40
No. 40 to No. 200
Below No. 200 sieve

\ 10 20 30 40 50 60 70

LIQUID LIMIT

90 100
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY, CONSISTENCY
OR FIRMNESS OF SO TITS

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" O.D. - 1 3/8" I.D.
samplers.

Relative Density. Terms for description of relative1

3.

density of cohesionless, uncemented sands &. sand-gravel
mixtures .

N

0-4

5-10

11-30

31-50

50+

Relative Consistency.
which are saturated or near saturation.

Relative Density

Very loose

Loose

Medium dense

Dense

Very dense

Terms for description of clays

N

0-2

3-4

5-8 t

9-15

16-30

30+

Relative Consistency Remarks

Very soft

Soft

r

Medium stiff

Stiff

Very stiff

Hard

0-4

5-8

9-15

16-30

31-50

50+

Easily penetrated several
inches with fist.

Easily penetrated several
inches with thumb.

Can be penetrated several
inches with thumb with

moderate effort.

Readily indented with thumb,
but penetrated only with
great effort.
Readily indented with thumb
nail.

Indented only with difficulty
by thumbnail.

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

Very soft

Soft

Moderately firm

Firm

Very firm

Hard

SERGENT, HAUSKINS & BECKWITH
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TERMINOLOGY FOR THE DESCRIPTION OF ROCK

General

Property

WEATHERING

FRACTURING

STRATIFICATION

HARDNESS

Descriptive

Term

VERY

WEATHERED

MODERATELY

WEATHERED

SLIGHTLY

WEATHERED

FRESH

Visual or Physical Properties

Abundant fractures coated with

oxides, carbonates, sulphates, mud,
etc., thorough discoloration, rock
disintegration, mineral decomposi
tion

Some fracture coating, moderate or
localized discoloration, little to
no effect on cementation, slight
mineral decomposition

A few stained fractures, slight
discoloration, little to no effect
on cementation, no mineral decompo
sition

Unaffected by weathering agents
appreciable change with depth

no

INTENSELY FRACTURED

VERY FRACTURED

MODERATELY FRACTURED

SLIGHTLY FRACTURED

SOLID
r

THINLY LAMINATED

LAMINATED

VERY THINLY BEDDED

THINLY BEDDED

THICKLY BEDDED

less than 1" spacing

1" to 6" spacing

6" to 12" spacing

12" to 36" spacing

36" spacing or greater

less than 1/10"

1/10" to 1/2"

1/2" to 2"

2" to 2 feet

more than 2 feet

SOFT

MODERATELY

HARD

HARD

VERY HARD

Can be dug by hand and crushed by
fingers

Friable, can be gouged deeply with
knife and will crumble readily
under light hammer blows

Knife scratch leaves dust trace,
will withstand a few hammer blows
before breaking

Scratched with knife with difficulty,
difficult to break with hammer blows

SERGENT, HAUSKINS & BECKWITH
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FEET

SHOWING LOCATIONS OF TEST BORINGS

80

FRESH WATER DAM

Cut

160

Reference Drawing: "Plan
Map11 by* Peabody Coal Company,
Farmington, New Mexico, dated
April 21, 1976

D^m No. 1
Kayenta Mine
Navajo CoLinty, Arizona
SHB Job No. E76-29A
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LABORATORY TESTING PROCEDURES

Direct Shear Test
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PROJECT

125

SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

JOB NO. E76-29A
Dam No. 1

Kayenta Mine

MOISTURE CONTENT - % DRY WEIGHT

CURVE SOURCE

OPTIMUM
MOISTjRE
CONTENT

% DRY WT.

MAXIMUM DRY
DENSITY

LBS. CU. FT.

TEST

DESIGNATION

TEST

METHOD
LAB

NO.

c Borins No. 9 @ 6f-9 ' 10.6 123.6
ASTM

D-698 A 29-162

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA

AASHO T99-61 and ASTM D 69R-66T fStanda-d Proctor)

METHOD MATERIAL
MOLD NO. O^

LAYERS

BLOWS PER

LAYER

HAMMER

WEIGHT

H E IG H T O F

FALL
COMPACTIVE EFFORT

FT. LBS CU.FT.DIAMETER HEIGHT

A -ff 4 4' ' 4.?S" 3 25 5 8 LBS 12" '2.375

B • a 4 6" 4 5fl ' ' 3 5 6 5 5 L PS. 12" • 2.3 ' 7

C -3 4 4' ' 4 58" 3 ' 25 5 c LPS. 12" 12.379

D •3 4 f' ' 4 5*5 ' ' 3 56 5 5 L"S 1 2-' 12.3 17

AASHO T180-61 and ASTM 1557-66T (Modified Procto^

METHOD MATERIAL
MOLD NO. OF

LAYERS

BLOWS PER
LAYER

H AMMER

WEIGH T

HEIGHT OF

FALL

COMPACTIVE EFFORT
FT. L BS CU. FT.DIAMETER HEIGHT

A
.4 4' ' 4 58 •' 5 25 10 0 LPS. 18" 58.250

B -o4 6" 4 58 " 5 5* 10 0 LPS IS" 5 5.986

C 3 4 4' ' 4 58' * 5 25 10 ' LPS II" 56.2 50

D -3' 4 6' - 4.58" 5 56 10.0 LBS 18" 55.9 96

1

SERGENT, HAUSKINS & BECKWITH
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PROJECT Dam No. 1 - Kayenta Mine _JOB no E76-29A
Lab No. 29-162

SOIL MOISTURE CONDITION

O - INSITU

• - SUBMERGED

:^SHci5^fSIiS"
±tUiKekonitetdIi:

SHEARING STRESS - Kips per Square Foot
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CONSULTING SOIL AND FOUNDATION ENGINEERS

MATERIALS TESTING ENGINEERS

ENGINEERING ANALYSIS PHYSICAL TESTING OUALITV CONTROL FIELD EXPLORATION

PROJECT_

LOCATION

SAMPLE

REPORT OF LABORATORY TESTS

Dam No. 1 - Kayenta Mine

Navajo County, Arizona

Boring No. 9 @ 6'-9f (Remolded)

DIRECT SHEAR TESTS

In Situ - Point No. 1 ( = + 0.47 KSF)

Initial Moisture Content

Dry Density (PCF)

Submerged

Final Moisture Content

Maximum Vertical Strain @ T max.

Shearing Stress, T max.

In Situ - Point No. 2 ( * + 1.47 KSF)

Initial Moisture Content

Dry Density (PCF)

Submerged

Final Moisture Content

Maximum Vertical Strain @ T max.

Shearing Stress, T max.

In Situ - Point No. 3 (. = + 2.53 KSF)

Initial Moisture Content

Dry Density (PCF)

Submerged

Final Moisture Content

Maximum Vertical Strain @ T max.

Shearing Stress, T max.

PHOf NIX

(602) 2 72 6848

AL BUQUEPOUE

(505) 345 8606

F L PASO

(915i 591 8 188

DATE

job no E76-29A

LAB NO 29-162

.7 %

103.6

19.5 7

(-) 0.001 inches

0.32 KSF

8.8 %

103.5

19.0 %

(-) 0.022 inches

0.81 KSF

8.6 %

103.7

19.5 %

(-) 0.035 inches

1.32 KSF

TUCSON

(602) 884 9333

I*
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PROJECT Dam No. 1 - Kayenta Mine

1.0

0.5

STRESS-STRAIN CURVES

FROM DIRECT SHEAR TESTS

Strain (%)

JOB NO. E76-29A
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PROJECT Dam No. 1 - Kayenta Mine

STRESS-STRAIN CURVES

FROM DIRECT SHEAR TESTS

JOB no E76-29A

Strain (%)

I
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+ B
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PROJECT Dam No. 1 - Kayenta Mine

1.0

0.5

STRESS-STRAIN CURVES

FROM DIRECT SHEAR TESTS

Strain (%)

JOB NO E76-29A
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mni 6-24-76
mnOI>¥ KNGIMBKUING OFFICE SOUTHWESTERN AREA (Fa™. ,—— ^1V aki.a U-arm met ton r N.M.)

Attached herewith «ro your hydrol^ie «naly„cn for t,,„ r„n , ,
J l.i joi i.iio roll owing Jmivm.uliin.iit •

NAM': -^^i-i?lJ-^!±^^ County, Arizona
MESA I. D. 0 1211-AZ-9-0001

As you may recall, fcho "DAMQ "»« rv„

0. S. Dopt. of AgriciUturTs^U Co! erv"-,1^ V'""i0n *' ^''V »71<
these flood routing nnalyne,;. T„o ui c'•) \ "Jl Z ?' "^ nBOd t0 '"•'•f"™tribes the program operation iltrf , ' 1Vc,"lJC-'] Keleaoo 4a, denied in available fro,!, the Zn^^^^^-- "H-ions and output,
The impoundment15, associ-.t-r.ri i«„i >• r-
for the foiled XS^^-r.'"^ "°" "-'*»«,
- facilities meet or exceed ^rtSt^^tan^.T*"*'0"' """ an,SS!l-ir-

Storm

Opp_GeTieral

PMP-General

OPP-Thunderstorm

PMTS

Rainfall/Durat-inn
Freeboard*

" 2.9"/6 hr.
— — 1.1'

13.0V6 hr.
1.0'

2.7"/I hr. 1.1'

9-5 VI hr.
0.9 •

—

Drawdown T.i mo

Less than 10 days

_Lgss than 10 days

Less tha_nlQ days

Less than 10 day<-

Note - According to ta

D. M. Schlueter

P. X. Kaiser

Peabody - St. Louis
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CERTIFICATION

TO WHOM IT MAY CONCERN:

RE- Kayenta Mine (Fresh Water) Reservoir
MESA I. D. #1211-AZ-9-0001
Navajo County, Arizona

R^ed on recently completed slope stability investigations,
^^il-ax/ses. historical ^^^o^^^l^s-
^^-TT^C^^^^ -* conditions.

^/ s7(jU4*
.jawrence M. Brennan
Professional Engineer

7 (Date)

_*

#9157
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.U.S. DEPARTMENT
MINE SAFETY AND HEALTH
Mailing Address:

P.O. Box 25367, DFC
Denver, Colorado 80225

Coal Mine Safety S
District 9

March 23, 1979

S. Dennis Dawson

Supervisor, Permits & Compliance
Peabody Coal Company
Arizona Division
2224 E. Cedar Avenue, Suite
Flagstaff, Arizona 86001

A

OF LABOR
ADMINISTRATION

Street Address:

730 Simms

Lakewood, Colorado

Health

^NTO

%fV^

Dear Mr. Dawson

RE: Kayenta Fresh Water Pond
I.D. # 1211-AZ-9-0001
Kayenta Mine
I.D. No. 02-01195

JHh Vitr h° ^?°? 3-12 iPCh CMP pipe in y°ur P°nd has been receivedand placed on file in this office. This
control.

is acceptable for overflow

Thank you for your attention*to this matter,

Sincerely yours,

/
/'/,

' Harold' E/Dolan
Supervisory Mining Engineer

.»•»:

3>-V I'-

/'
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August 27, 1976

»Peabody Coal Company
! P. 0. Box 23
117 East Ute Street

Farmington, /New :Mexico 87401

Attention: -Roger Dewey , P.E.

SHB Job No. E76-29B

Re: Dam No. 3
Black Mer,a;'!4in«
Nevajo County, Arizona

Gen tie::,en,

Our Geotechnical investigation Report on the referenced project

is herewith submitted!. Included in this report are the results

of subsurface e:cpIc.rat:ion and laboratory analysis, along with a
discussion of our engineering analysis and our conclusions and

recommendations..

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

Respectfuily submi 11;e d,

Sergent, Hauskins & Beckwith Sng5xrars

Robert W. Cross1ey, ^^jS^S^v
•y i • /7 /<^^,c?v?^ \

/By

Reviewed byj^^j^< &Z^M^^^^\
^e^£FnrrEec^itfeA^i»Ec.2 henry )|-;j

Copies: Addressee (4) v^xN &$$ v
Peabody Coal Company •N^^^^p^//
St. .Louis , Missouri ^•N^S?*. vi;:'>''

At tn : Fran cis X. ."41ser,""""Jr. . P .E (1)

REPLY TO 3940 VV, CLARENPQM, PHOENIX. ARIZONA 85019

P h O E (V-i X

16021 2?3 &64S

ALBUQLC RQ.'JE

1505J 34-i £606

El PASO TUCSON

(C02i 084 9333
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BTack Mesa Mine

Navajo County, Arizona
SUB Job No. E76-29B *

1. INTRODUCTION

This report is submitted pursuant to a geotechnical in

vestigation made by this firm of J-7 Dam, MESA I.D. No.

1211-AZ-9-0003, a major haul road embankment crossing a

sizeable natural drainage channel at the Peabody Coal

Company Black Mesa Mine in Navajo County, Arizona. The

general location of the site is shown on Figure 1*.

An objective of this investigation was to evaluate the

physical properties of embankment materials and of the

soil and rock beneath the embankment in order to ana

lyze the safety of the dam. A second objective was to

provide recommendations for any remedial measures which

might be necessary to bring the impoundment in full com

pliance with current "Design Guidelines for Coal Refuse

Piles and Water, Sediment or Slurry Impoundments and
r

Impounding Structures" published by the United States

Department of the Interior, Mining Enforcement and

Safety Administration.

The scope of our investigation was limited to analysis

of geotechnical factors affecting dam stability. It is

understood that Peabody Coal Company is performing the

necessary hydrological analysis.

-Figures and illustrations are presented in Appendix C

S «•
SERGENT, HAUSKINS & BECKWITH
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Black Mesa Mine
Navajo County, Arizona
SUB Job No. E76-29B

2. PROJECT DESCRIPTION

Details of the project were provided to us by Roger Dewey,
P.E., and Reynaldo Armijo, staff engineer, of Peabody Coal
Company.

The J-7 embankment was constructed in 1973 as part of the
network of haul roads connecting the various coal excava

tions with the crusher plant. At that time, a subsurface
investigation for the embankment was performed by the en
gineering division of Peabody Coal Company.

It is understood that prior to construction, all loose
earth, scoria and carbonaceous shale (smut) was removed

from the abutments and near centerline of the dam and

replaced with compacted clay fill. A 60 foot wide key-
way was constructed along the centerline axis of the

dam co provide a seepage cutoff.

The crest of the dam is at elevation 6382, 77 feet above

the original elevation of the stream channel (elevation
6305) at the centerline. In addition, berms 3 to 6 feet
high have been built adjacent to the roadway across the
crest of the dam to provide traffic protection. A typical
cross section and axis profile of the dam are presented
as Figures 3 and 4 of this report.

Runoff from the watershed (an area of approximately 20
square miles) is impounded on the east side of the dam.

Egress is provided by a spillway channel crossing the
haul road 500 feet past the south abutment of the dam.

Bottonrelevation of the spillway is 6372.

J
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At the time of our investigation, in early spring 1976,

the water level in the reservoir was 6355 feet. As pre

viously stated, a detailed hydrological analysis of the

J-7 Pond will be performed by Peabody Coal Company. In

this report, the stability analyses are given for the

reservoir level as stated above and for the case of the

reservoir, filled to bottom elevation of the spillway.

These assumptions are arbitrary in nature and should in

.no way be taken to suggest a judgment on our part as to

the likelihood of occurrence of such conditions. Pro

jections of future reservoir levels are not within the

scope of this report.

3. INVESTIGATION

3.1 Subsurface Exploration

The subsurface exploration program, which was planned and

executed by this firm in order to provide the necessary

geotechnical information, consisted of a total of six ex

ploratory borings. The borings were advanced using 6 5/8"
O.D., 3V I.D., hollow stem auger through the dam embank

ment into the rock which provides the foundation for the

embankment. In all borings, the drilling was continued

until it was certain that intact rock had been encoun

tered. Standard penetration testing or open-end drive

sampling was performed at intervals of 5 feet or less in

these borings.

The results of the field investigation are presented

in Appendix A which includes a site plan showing boring

SERGENT, HAUSKINS & BECKWITH
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locations, logs of the test borings and a brief descrip

tion of drilling and sampling equipment and procedures.

The subsurface exploration was supervised by Robert W.

Crossley, staff engineer of this firm, who located the

borings, continuously examined and logged drill cuttings

and drive samples, and prepared the boring logs.

3.2 Laboratory Analysis

Moisture content determinations were made on selected

tube samples recovered, while dry densities were deter

mined for the 2.42 inch diameter open-end drive samples

The 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.

In addition, moisture-density, direct shear, unconfined

compression, consolidation and remolded permeability

tests were performed on the selected samples in order to

evaluate engineering properties of the materials. Results

of these tests are presented In Appendix B along with a

brief description of the testing procedures.

3.3 Site Inspection

The site was visited on April 14, 1976, by principal

engineer, George H. Beckwith and Robert Crossley of this

firm, along with Messrs. Roger Dewey, Francis Kaiser and

Reynaldo Armijo of Peabody Coal Company. The purpose of

this visit was to observe the present condition of the

SERGENT, HAUSKINS & BECKWITH
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pond and to perform a brief reconnaissance of the adja
cent topography and geology.

3.4 Survey of Borings

Topographic data of the J-7 Dam was furnished to us by
Peabody Coal Company of Kayenta, Arizona on a plate dated
April 13, 1976.

T[1 4- "GEOLOGY, EMBANKMENT & SEISMICITY

4.1 Aerial & Site Geology

Black Mesa, in the area of investigation, is composed of
rocks of Jurassic and Cretaceous ages. The surface slopes
gently to the southwest. The uppermost formation of Black
Mesa is the Wepo Formation, which has been eroded into
parallel ridges and narrow valleys. O'Sullivan et al (1)*
describe the Wepo as alternating silts tone, mudstone,
coal, and sandstone beds, and as 304 to 743 feet in

***i thickness.

1

1

]

]

i;

1!

/

4.2 Geologic History & Structure

According to O'Sullivan et al (1), the Wepo Formation was
deposited primarily in a continental environment in which
siltstones, mudstones, coal and sandstones were laid down
Locally, some marine sandstones are interbedded in the
formation.

-Numbers in parentheses correspond to references listed
at end or report.
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Following deposition of the Wepo Formation and younger
formations of Cretaceous age, the Navajo Country was af
fected by a structural period during late Cretaceous and
early Tertiary time - the Laramide Orogeny. This resulted

in an assortment of folds; such as basin downwarps, up
lifts, monoclines, anticlines and synclines (2). One of
the downwarps is the Black Mesa Basin. Black Mesa is a

dissected highland in the structural center of this basin

In late Tertiary and Quaternary time, the Navajo Country
was upwarped and locally faulted.

rl Maps prepared by Cooley et al (2) show that the Wepo For
mation of the northern part of Black Mesa has been warped
by gentle monoclines and synclines and has not been broken

by faults. The nearest faults are shown as 30 to 50 miles

north-northwest from the area of investigation, and these
trend from eastward to northeastward. Two east trending
faults, about 4 to 5 miles long, are about 30 miles from
the site. Several northeast trending faults as long as
12 miles occur about 40 miles from the site.

a

a

a

a

a

i.

4.3 Embankment Soils & Foundation

^•3.1 Description of Soils & Rock

The embankment was found to be comprised predominantly
of clay, clayey sand and clayey gravel with a few thin
lifts of cohesionless silty sand and gravel mixtures.
There is a considerable amount of carbonaceous material

mixed with the clay and gravel, particularly below the
elevation of 6340. Penetration test data indicates the
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embankment materials are generally firm to very firm
However, a few zones of loose material were present.

Beneath the embankment, a few feet of native soil was
|j encountered in borings 1, 2and 3near the center of the

dam; These consisted of sandy clays and clayey sands in
•-J borxngs 2and 3. In boring 1, 6% feet of channel alluv-
- rum was encountered. It appears that all borings are
•rf - outslde °r at the edge of the cutoff trench.

Weathered shales and sandstones of the Wepo Formation
were encountered in all borings. In boring 5, an inch
of scoria over soft shale was found.

4-3.2 Moisture & Seepage

2j0 Within the embankment, moisture contents were generally
SUshtLy below the Plastic limit, although lifts domi-

U! nated by cohesionless material often appeared to be very
dry. A groundwater table was encountered in borings 1,

0 2and 5at elevations 6312, 6312 and 6317, respectively'
In all cases, this phreatic surface occurred in channel
alluvium or other native material. There was no indi
cation of saturation within the embankment fill.ui

Jl Seepage through the channel alluvium beneath the embank-
-,, ment 3nd CUtoff tr'Gnch i« making place at avery nominal
Jl rate- At thG time of our investigation, a trickle of

water was seen exiting a few feet downstream from the
j| tOG °f embankment at approximate elevation 6295. There

is no indication of erosion or distress of the toe due
to this seepage.

SERGENT, HAUSKINS & BECKWITH
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4.3.3 Piping Potential

Sherard et al (3) have published a rough empirical re

lationship of observed piping and soil types. In this

system, soils are ranked according to their resistance
to piping; 1 being most resistant and 8 being least re
sistant. Using this criteria, the embankment and soil
foundation materials probably would fall into categories

2 to 4. The rock foundation materials would have ex

tremely high resistance to internal erosion.

4.4 Seismology

4.4.1 Seismic History of the Area

Research was made of the seismic history of the general

area of the site. Principal source of information was

"Earthquake History of the United States" by Coffman and
Von Hake (4). It presents a table listing earthquakes in

the Western Mountain Region with intensities equal to or

greater and V on the Modified Mercalli Intensity Scale
of 1931. This table was used in compiling Table 1 of

this report, which lists historical earthquakes within

the general area of the site.

Other references that were used include the "Preliminary

Safety Analysis Report" (5) prepared by FUGRO, Inc. for
Arizona Public Service Company Palo Verde Nuclear Gener

ating Station west of Phoenix and Sturgul and Irwin's
report on "Earthquake History of Arizona and New Mexico"

(6)/
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The earthquakes listed in Table 1 are plotted on Figure

2. The figure covers an area of about 420 by 500 miles

in Arizona, New Mexico, Utah and Colorado. As the data

shows, the region of the site is one of very low seis

micity.

Figure 2 shows that within a 100 mile radius of the

site, only five earthquakes of intensity V or greater

have been recorded during historic time. Of these, the

closest epicenter to the site was an intensity VI earth

quake reported about 40 miles to the southwest in 1910,

while the intensity VI Ganado earthquake of January 16,

1950, was placed about 75 miles southeast of Black Mesa.

The largest tremor ever reported in northern Arizona was

intensity VII, occurring on January 15, 1906 near the

north rim of the Grand Canyon.

r

4.4.2 Significant Geologic Structure

As discussed in Section 4.2, no faulting is mapped in

the immediate area of the site. Minor faulting 30 to

50 miles north of the site is not considered capable

of creating an earthquake of sufficient intensity to

significantly affect the embankment.

Shown on Figure 2 are locations of significant faults

in the general region of the site which are known to

have been active during the Quaternary period (past

one million years). These include the San Francisco

Mountain fault west of Flagstaff and the Verde fault

which has been mappe 1 for 70 miles or more. These

faults are located more than 100 miles southwest of

SERGENT, HAUSKINS& BECKWITH
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the site. Also shown on Figure 2 are the north-south

trending Sevier, Hurricane, Toroweap and Grand Wash
fault zones in northwestern Arizona and southern Utah.

These zones of normal faulting are close enough to the

site to be of significance from a seismic risk stand

point. Their significance is discussed by Smith and

Sbar (7).

4.4.3 Previous Seismic Zoning & Estimated

Effect of Hypothetical Earthquakes

The northern portion of Arizona is location in Zone 2
on tie Seismic Risk Map found in the current Uniform

Building, Code. This means that the general area has

experienced in the past, and thus may experience in the
future, moderate damage corresponding to intensity VII

of the Modified Merca-lli Scale. Richter (8) classified

the general area as intensity VIII occasional in a study
published in 1959. Based upon more detailed analysis,
Algermissen (9) classified the general area of the site
as intensity VII occasional. This type of zoning is

very general in nature and must be controlled by the
areas of higher risk within the zone. In a study by
the U. S. Geological Survey, based on both statistical
analysis of seismic history and evaluation of geology,
Algermissen and Perkins (10) have estimated a 50 year
return peak ground acceleration of less than O.Olg and
a 90 percent probable peak ground acceleration of about
0.03g for the site. Recent studies by Bell Telephone
Laboratories (11) estimated 100 year return peak ground

acceleration of 0.03g for the site.

SERGENT, HAUSKINS & BECKWITH
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In a current study by the Applied Technology Council

(12) directed toward development of seismic design

methods for buildings, an EPA of less than 0.05g was

estimated for the site. A report of on-going U. S.

Geological Survey Studies (13), just published, esti

mated an EPA of less than 0.04g. For the latter two

studies, the EPA's of 0.05g and 0.04g were the lowest

contours reported. They state that for EPA's lower

than these values, wind normally controls the lateral

force requirements for buildings and, thus, lower con

tours are not significant for building design purposes

The EPA's in these two studies (12, 13) are both de

fined as values with a 90 percent probability of not

being exceeded in 50 years.

Estimates of EPA reported by the U. S. Geological Sur

vey in 1976 (13), in the general area of the site, are

substantially lower than corresponding values reported

in 1972 (10).

Based upon data summarized by Howell and Schultz (14),

Bolt (15), Schnabel and Seed (16), Barosh (17) and Hays

et al (18), it is possible to roughly estimate the ef

fect of hypothetical earthquakes at the site. Maximum

credible earthquakes for a given fault can be estimated,

using this data, on the basis of length. The effects

at sites away from the fault can then be assessed uti

lizing various attenuation curves.

The jroregoing analysis is based on these techniques.

Should an earthquake of magnitude 6 occur in the San

SERGENT, HAUSKINS & BECKWITH
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Francisco Peaks area, about 120 miles southwest of the

site, it would create an intensity of about 3.7 (MM)
and a peak ground acceleration of about 0.02g. Brack
eted duration (time during which acceleration is about

0.02g) would be 1 second at most. According to Schnabel
and Seed (16), predominant period would be about 0.8
seconds considering the subsurface profile at this site.

Maximum credible earthquakes on the Sevier fault system,

and other major fault zones in southwestern Utah, would
produce peak ground accelerations of less than 0.02g with
a predominant period of perhaps 1.0 second. These zones
are 130 miles or more away from the site.

In summary, all data shows the site is in an area of
very low seismicity and, thus, a very low level of seis
mic risk is involved.

5. STABILITY ANALYSIS

5.1 Assumed Soil Parameters

Shear strength parameters were estimated from the results
of the direct shear tests performed under submerged condi
tions on both undisturbed and remolded samples of typical
materials from the embankment. The direct shear tests on
submerged soils are believed to yield strength parameters
which compare favorably with the actual parameters for the
embankment materials at their present moisture contents.

Because of the low rate of strain and soil type involved,
the direct shear tests are believed to yield essentially

effective stress parameters.

SERGENT, HAUSKINS & BECKWITH
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The effective shear strength and other parameters used in

stability analyses are as follows:

Upper Embankment (Above Elevation 6340)

0' = 25°

C = 400 psf

Density - In Situ = 110 pcf

Saturated = 130 pcf

Lower Embankment (Below Elevation 6340)

0' = 20°

C = 350 psf

Density - In Situ = 115 pcf

Saturated = 135 pcf

Foundation Materials

0' = 30°
C - 1,000 psf

Density - In Situ &

Saturated = 140 pcf

5.2 Seismic Design Considerations

As stated in Section 4.4.1, this site is in an area of very

low seismicity. Based on assessment of this data, a seismic

coefficient of 0.05g was selected for use in analysis.

5.3 Methods of Analysis

Using the geometry shown in Figure 4, slope stability anal

yses were made using SSTABl, a general computer program for

SERGENT, HAUSKINS & BECKWITH
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slope stability analyses, available from the University of

Texas (19), and developed by Stephen G. Wright. The program

utilizes a limit equilibrium procedure of slices, to calcu

late a factor of safety, which satisfies all conditions of

static equilibrium. In this procedure, the resultant side

forces acting on each slice are assumed parallel, as first

introduced by E. Spencer. The solution for factor of safety

is obtained by iteration and required successive approxima

tions for the factor of safety and side force inclination

in order to satisfy the equilibrium boundary conditions.

In addition, a stability number method published by Hoek

and Bray (20) was employed to analyze segments of the up

stream and downstream slopes. For further verification

and to analyze effects of a seismic force, one critical

circle was examined by manual calculation utilizing the

traditional method of slices.

5.4 Summary of Results

Based upon the analysis methods and assumed shear strength

parameters described in Sections 5.1 and 5.3 above, the

following factors of safety were computed.

Upstream Slope - Dry

Height Slope Factor of Safety

32 feet 3.1:1 2.91

Upstream Slope - Sudden Drawdown~k

Height Slope Factor of Safety

32 feet 3.-1:1 Approximately 2.60
(See trials 2 & 3)

SERGENT, HAUSKINS & BECKWITH
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Downstream Slope -

Dry Slope, Static Conditions

Height Slope Factor of Safety

80 feet 3 segments as Approximately 2.30
shown (Figure 5) (See trial 5)

Downstream Slope - Dry

Seismic Force = 0.05g

Slope

3 segments as
shown (Figure 5)

Factor of Safety

1.98

rIn this analysis, using SSTABl, it was assumed the water

level in the reservoir was at spillway elevation (6372)

for a sufficient period of time for material in the face

of the embankment to become saturated. A sudden drawdown

to elevation 6348 was analyzed because on any upstream

slope, this is the worst set of static conditions which

can possibly be injected into a slope stability problem.

The high safety factor shown is evidence of the inherent

stability of the present embankment.

The slope and embankment heights were taken from survey

data furnished by Peabody Coal Company. A documentation

of these figures is presented in Appendix C.

CONCLUSIONS & RECOMMENDATIONS

It is concluded the dam embankment is safe for present

conditions and foreseeable future operating conditions

SERGENT, HAUSKINS & BECKWITH
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It is our conclusion that very high factors of safety

against slope failure exist for these conditions and,

thus, no alterations of the embankment are necessary

for safety reasons.

Even in the event that maximum pool evaluation is reach

ed, complete saturation of the embankment would take many

years to accomplish due to its high clay content. There

fore, the development of a high phreatic surface within

the dam, or seepage on the downstream face, is considered

highly unlikely.

The danger of piping in the embankment foundation is con

sidered minimal. This is due to low exit velocities which

are associated with such a shallow seepage gradient, as

well as the considerable amount of clay in the soil and

weathered rock which are found beneath the dam.

Because of the low estimated EPA, as well as the internal

cohesion of the embankment materials, it is concluded the

embankment would not have the potential for liquefaction,

even if portions of it became saturated.
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Aitneliod herewith arc your hydrolo-ic niHi3.yr.en for tho followin,*
impoundment.

Name J^M^±<L^J^C^.<±_^L.7 Z)/?s\

An yon mr.y- recall, the "iVUC) j'1 t?o:nnuter }Vo;nn. Version 2, Febru-iry
1°71. U. R. Pent.. of A-pJculture, Soil Conservation Service, was used
to -x-rforw these fjuodt routing fir.filyr.es. The Iteer's Guide, Teehiucjil
3vcler.se '<8, describes the pro^r*^ cperutim, innut data requirer.-nts
options ma output, and is available from tho Soil Conservation Service

The impoundments, associated hydraulic facilities and watershed were
analysed for the following impropriate, reenired storms.. The jmoouiul-
went and associated facilities rucet or exceed pertinent VS.T-A standards

Storm Ka.infa.ll/Duration

THufpcxSr*** icdy* -2,1 "/ 1 //£S
;t

Tk vk>f>&t*IM* &HT$ <7. S / J ///?j

Yceboardv

&.*•'

o.f

6,4'
0. f '

Drawdown j'.irr.e

less T/TA^ /dtf+ff
Less 7///\as /* ^yS

* Difference between maximum reservoir water surface elevation and. ele
vation of lowest point on the crest of the dcra,

D. M. Schluetcr

F. X. Kaiser

Feabody - St. Louis

The indicated hydropic analysis and performance of this impoundment
is in accordance with current, prudent engineering practices fcr the
passage of runoff from the designed storm which exceeds the storage
capacity of the impoundment.
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