L L JF N

. . e e e e e e
[ERIET I T e L. N
R B . T "

PB 215 143

ANALYSIS OF
COAL REFUSE DAM FAILURE

MIDDLE FORK BUFFALO CREEK
SAUNDERS, WEST VIRGINIA

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

WASHINGTON, D.C.

USBM CONTRACT NO. SG122084

VOLUME 2 OF 2 - APPENDICES FEBRUARY 1973

Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

U S Cepartment of Commerca
Springfield YA 22151

1 W.A. WAHLER
& ASSOCIATES

1023 CORPQRATION WAY, PALO ALTO, CALIF. 94303 . 2007 QUAIL STREET. NEWPCRT BEACH, CALIF. 52660

e O I T TT T SR . o



El-.»"

“ 4
s

w .
: The views and conclusions conrained in this 3

document are rhose of the aurhors and should not i
N be interpreted as necessarily representing the :
. official policies of the Interior Department’s i

Bureau of Mines or of the U.S, Government. S
H 3

; .

e n

EPIY S T N ¥

L SUNR PP T IS R

X




BIBLIOGRAPHIC DATA|!- Report No. 2.
SHEET BuMines OFR 10(2)-73

3. Recipient”s Accession No.

Fs 215 543

2. Tile and Subtitle

Analvsis of Ccal Refuse Dam Failure. Middle Fork Buffalo

5. Report Date
February 1973

6. Performing Organization Code

Creek, Saunders, West Virginia. Volume 2. Appendices
7- Author(s)
W. A. Wahler & Associates

B. P‘crformins Organiracion Rept.
0,

9- Performing Organization Name and Addicss
W. A, Wahler & Associates
1023 Corporation Wzy
Pale Alto, CA 94303

10. Project/Task/Work Unit No.

11. Contrace AgxrexNo.
S 0122084

12 Spoascring Agency Name and Address
Office of Deputy Director—Health and Safety
Buxeau of Mines
UJ.S. Department of the Interior
Washington, DC 20240

13. Type of Report & Period

Covered

Contract report

14. Sponsoring Agency Code

15. Supplementary Notes
Volume 20f two-part report.

Mining Company, failed near Saunders, W. Va.
fale Creek Valley had national ramifications.

18. Abscraces Op February 26, 1972, a coal refuse dem, owned and operated by the Buffalo
The resulting flooding of the Buf-
The immediate consequences of the

fleoding were the deaths of 118 persons and 7 reported missing, the loss of over
500 homes, and extensive flood damage to other property in Buffale Creek Valley.
Basic data were gathered during the investigation of the Middle Fork Valley dams
and refuse bank above Saunders during field investigations of the site condueted
from the end of March through mid-September 1972. This information consisted of
field mapping, subsurface exploration and sampling by means of auger drill holes,
field density tests, field permeability tests, aerial photography, wvane shear
tests, and cone penetration tests. Volume LI, the appendices, covers these de-

tails.

Coal refuse dam
Failure
Buffalo Creek
Flood

17b. Identifiers/QOpen-Ended Terms

17e. COSAT! Field/Group 13L

17. Key Words and Document Analysis. T7a. Descriptors

Buffalc Creek flood

Saunders, W. Va.

18. Distribution Statement

Release unlimited by NTIS.

19. Securizy Class (This
Report)
UNCLASSIFIFD

21. Neo. of Pages

20. Securitv Class (This

Page)
UNZLASSIFIED

FORM NTI5-33(10-79)

US COMM-D € 20329-P71

b



44

TEXT

Figure No.

W A WAHLER
& ASSICATES

LW . e i - . -

ANALYSIS OF
CDAL REFUSE DAM FATLURE
MIDDLE FORK BUFFALO CREEK
SAUNDERS, WEST VIRGINTA

TABLE OF CONTENTS

VOLUME 2 - APPENDICES
APPENDIX A

FIELD INVESTIGATION

A. Introduction

B, Auger Drilling

C. Field Permeability Tests

L. Field Density Tests

E. Cone Penetrometer and Vane Shear Tests

F. Backhoe Pits and Bulldozer Trenches

G. Aerial Photography and Topographic Mapping
H Geologic Mapping

FIGURES

Photograph Locations

Exploration Drilling Equipment

Field Investigation and Typical Samples

Backhoe and Bulldozer Trenches

Field and Vane Shear Penetration Test Results (10 sheets)
Backhoe Pit Logs (3 sheets)

TABLES

Drill Hole Summary (3 sheets)
Surmary of Field Density Test Results (4 sheets)
Penetration and Vane Shear Test Results (4 sheets)

Drill Logs and Water Pressure Test Resulits:

Hole No, No. of Sheets

(ﬂ(’)m({l(ﬂlﬂtl’lcln
(o IR e T V. I g EN R S ey

[

MDiwLWERP

&)

-

g

e
LI T - -

R
-



4

Table No.

TEXT

Figure No.
B-1
B-2
B-3
B-4
B-5
B-6
B-7

Photoplate No.

B-1
B-2

W A WAHLER
& ASSOCIATES

TABLES (continued)

Drill logs and Water Pressure Test Results (continued):

Hole Neo. No. cof Sheets
5-9
$-10
§-11
5-12
$-13
S-14
§=15
5-16
S-17
5-18
5=19
5~20
S-21

S§=22

HINEFEFNMOMRRNNLDWAWWW

Key for Exploration Loss (Foldout for Interpretation of Logs)

Field Permeameter Test Results for Hole Nos. FP-1A through
FP-14A (15 sheets following Table A=4) :

APPENDIX B

Page
LABORATORY INVESTIGATION .
A. Generals - E-1
B. Index Properties Testing B-2
c. Engineering Properties Testing B-4

FIGURES

In Situ Water Content and Dry Unit Weights (2 sheets)
Gradation Test Results (25 sheetrs)

Atterberg Limits-Plasticity Data (3 sheets)

Summary of Specifie Gravity Results (2 shects)
Compaction Test Results (13 sheets)

Triaxial Test Results 715 sheets)

Summary of Permeability Test Data

PHOTOPLATES

Following Page
Triaxial Saturation Bay B-5
Laboratory Sample Fabrication B-6

c:j

xy



g

3

o

TEXT

Figure No.
c-1
c-2
C=3

Table No.

c-1

WA WAHLER
& ASSOCIATES

APPENDIX C

SUPPORTING DATA

FIGURES

Topographic Map, Middle Fork Valley, November 28, 1962

Topographic Map, Middle Fork Valley, December 19656

Calendar of Middle Fork Valley Dam and Fool Activity,
1960-1972

TABLES

Construction Methods, Middle Ferk Valley
Refuse Bank and Dams (3 sheets)

Daily Weather Conditions, Southwestern West Virginia
January and February 1972 (2 sheets)

Wearher Condition Summary, Southwestern West Virginia
January and February 1972 (1 sheet)

Chronological Listing of Visits to Dam No. 3,

Prior to Failure, February 22 to February 26, 1972 (4 sheets)

whall

RS

e



APPENDIX A

FIELD INVESTIGATION =

A. INTRODUCTION

Basic dara were garhered during the investigaticn of the Middle Fork
Valley dams and refuse bank above Saunders, West Virginia, during

field investigations of the site conducted from the end of March through
mid-September, 1972, This information consisted of field mapping, sub-
surface exploration and sampling by means of auger drill holes, field
density tests, fieid permeability tests, aerial photograrphy, vane shear
rests, and cone penetration tests. The locations of most exploration
features are shown on Figure VI-20; Hale BS-19, at the dowmstream end
of the refuse bank is shown on Figure 117-3A, and exploration features
at the upstream end of Pool 3 and in Dam No. 4 and Pool 4 are shown on
Figure I11-3C. A drill hole summary is included here as Table A-1.
Hundreds cof photographs were taken during the {ield investigation. The
locatieons of most of those used in this report are indicated om Figure
A-1; a few photograph locations are shown on Figure III-3C. Unless
otherwise credited, the full-page photographs are by Robert T. Johnson
of Logan, West Virginia. The small-format photographs arc by staff

personnel of W, A, Wahler and Associates.

B.  AUGER DRILLING

Sixty exploration holes totaling 3302.9 feet were drilled in Middle Fork
Valley utilizing truck-mounted Acker AD-2 and CME-45 drill rigs. The
drilling services were subcontracted to Tinney Drilling Co., Bridgeville,

Pennsylvania. The egquipment used varied with the purpose of the hole.

& ASSOCIATES



Twenty-two S-series holes (S-i through 5-22) were drilled for sample
retrieval. These holes were drilled with 6-inch 0.D. (3 9/32-inch I.D.)
hollow stem augers (Figure A-2, Photo A) except for hole $-20 which

was drilled and sampled continuously with a Pizcher barrel of 5-7/8-inch
0.D. (Figure A-2, Photo D). The S-series holes varied in depth from
14,0 to 174.0 feet, and their combined feotage totzaled 1,879.8 feet.

The hollow stem auger holes were sampled at intervals determined im the
field by W. A. Wahler and Associates' representatives. Sampling was
done largely with such conventional sampling tcols as the standard
{(3-inch diameter by 30 inches long) Shelby tube, Shelby tube with
piston, and the standard split-spoon penetrometer (ASTM D-1586-67).
Figure A-3 (Photo B) shows typical disturbed recovery with the standard
penetrometer sampler, and Figure A-2 (Photo B) shows the hammer set-—up
for a2 standard penetrdtion test. The standard penetrafion test consists
of driving a 2-inch 0.D. by 1 3/8=inch I.D. split=spoon Sampler with

a 140-1b. hammer falling a distance of 30 inches. Where possible, the
sampler was driven 18 inches into undisturbed material and the blow
count recorded for each successive & inches of penetration. The stan-
dard penetrometer blow count, N, is the toral number of blows for the
second and third 6-inch intervals driven. It is recorded on the drill

hole logs.

The Pitcher barrel, utilizing a Shelby-type tube measuring 4 inches in
diameter by 36 inches long (Figure A~2, Photo D) was uscd in hole §-20
to retrieve larger diameter samples than could be obtained with the
more commorn Shelby tubes. Non-standard sampling tocols included a
"poorboy" sampler (used in hole S-4) which was a discarded Nx inner
core barrel, and double=length Shelby tubes, fabricated off-site by
welding the nose of one standard (3 x 30 inches) Shelby tube to the
top of ancther, and filling the attachment holes in the lower tube.

A double Shelby tube is shown on Figure A-2, Photo C.
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The materials encountered in the S—series holes were logged on a con-
tinucus basis by a W. A. Wahler and Associates representative and were
described in accordance with the Unified Soil Classification (ASTM
D-2487). The c¢lassification is described on the Key for Explora-

tion Logs, which accompanies the logs included in this Appendix.
Relatively undisturbed samples were obtained by pushing 3-inch 0.D.,
thin-walled Shelby tubes into embankment and reservcir sedimenc (sliudge)
malerials. When possible, the 2.5-foor long Shelbhy rubes were pushed
2.0 feet and the double Shelbys were pushed 4.0 to 4.3 feet if refusal
was not met. The Pitcher sampling technique is properly described as
a push-drill method of sampler advancement. The 3.0-foot long Pitcher

tubes were advanced 2.0 feet unless earlier refused.

The precence of coarse gravel and cobbles in embankment materials

made ir difficult te obtain undisturbed samples in the embankment.

In fact, attempts to take Shelby samples in this material often met
with complete refusal of penetration in only a few tenths of a foot.
Usually, Shelby samples obtained from the sludge were only slightly
disturbed. However, recovery of this wet, fine-grained, material

was also rendered dififculr since samples were often lost from the
tubes as they were pulled from the drill holes. The double Shelby
tube was devised in an attempt to solve two problems: 1) poor
recovery of samples of the sludge with normal Shelby or pistom
techniques, and 2) s sampler was nceded that was long enough to get
throcugh the sludge which often rosc into the auger stem after the
inner bit was removed. The double Shelbv tubes were moderately success—
ful ia both applications. A discussion of sampling problems and tech-
niques in coal refuse will be included in another report to the Burezu

of Mines.

When the auger was refused, Nx coring commenced in most holes. Generally,
10 feet of bedrock were cored; in some holes the coring was carried

deeper. The following S-series holes were not cored: S-14, 16, 18, 19,

~}
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20, 21 and 22. Figure A3, Photo A, shcows typical core. Water pressure
tests were conducted in the bedrock in holes S$-3 and S-4. Results of
the tests are presented immediately after the respective drill holie

logs in this Appendix.

Nineteen BS-series holes (35-1 through BS-19) were drilled with 4~ and
6=-inch diamerer solid-stem augers. Nearly all of these holes were
drilled to refusal, which was generally taken te represent the bedrock
surface underlving the overburden and fill. The BS-series holes were
used to supplement our knowledge of the configuration of the bedrock
surface, and tra provide more precision in delinearing the surface than

could be attained with scattered S-series holes.

Data for the BS-series holes are presented in Table A-1; the holes

were not logged due to the difficulty of determining precisely the depth
from which the auger returns came. Some data about depths to various
contacts are presented in Table A-1, but they are a}proximate only, and
in part based on corrclation with nearby S-series holes. The total

footage drilled in the BS~series holes is 1012.6 feet.

Five P-series pilot holes were drilled for the portable vane shear and
cone penetrometer equipment. These holes, aiso listed in Table A-1,
were drilled with the truck-rounted auger rig. They penetrated gravel
that the vane and cone could not, and permitted Lthe vane and c¢cone to
tesr the sludge material underlying the gravels. Descriptions of the
results of vane shear and cone pemetrometer testing are presented
elsewhere in this Appendix. The £otal footage involved in these pilot
holes is 205 feset,

Fourteen FP-series holes werae drilled in the left abutment for fi=ld
permeabilicy tests. Most of these holes were drilled Lo shallow depths

with either solid or hollow stem auger. Holes FP-9A through 14A were
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drilled by pushing a Shelby tube or tubes 'znd retrieving undisturbed
samples where possible. The totzl footage involved in the FP-series

holes is 205.5 feet. The field permezbiliry .ests are described below.

C. FIELD PERMEABILITY TESTS

Fourteen fielg permeability tests were comducted in substantial
accordance with U.S. Bureauv of Reclamation Designation E-1%. Test
conditions were medified slightly in the field to make the test pro-—
cedure coasistent with the nature cf the material to be testad.
Results of these tests follow the dzrill heole logs in this Appendix,

~and are sumnarized in Table A-1. Figure A-3, Photo C, shows the test
equipment set up at hole FP-3A. All field permeability tests were
located in the left abutment remnant of Dam No. 3 as shown on Figure
VI-20.

D. FIELD DENSITY TESTS

In crder to determine the in-place demsity variation of the embankment
and foundaticn materials within the Middle Fork Valley, a total of

44 field density tests, which are summarized in Table A-2, were per-
formed in accordance with ASTM Test Designation D-1556-55. The
location of all tests performed near Dams 1, 2, and 3 are shown on
Figure VI-20 and those upstream of Dam No., 3 on Figure III-3C. Because
of the wide variation in grain sizes, two different size cones were
used. A 6-inch diameter sand cone was used exclusively in the founda-
tion sludge material, whereas a 12-inch diameter sand cone was used in

areas of coarse coal and shale waste.

As a result of the massive failure of Dam No. 3, it was impossible

to obtain a good cross section of in-place density variation of the

W AWAHLER 45
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original embankment material; however, a large bulldozer trench was
excavated (Figure A-3, Photo D and Figure VI-20) in the remnant

of the left abutment from the crest to the downstream toe, and a
total of 10 in-place density tests were performed at about 5-foot
vertical intervals throughout the length of the trench. A second
dozer trench was excavated in the refuse dump downstream of Dam No. 2
near hole S-4 in order to obtain some in-place density data omn the

older coal waste material.

E. CONE PENETROMETER AND VANE SHEAR TESTS

Static penetration tests were performed by W. A, Wshler and Associates
personnel, using portable equipment manufactured in Sweden by Jonnell
: & Nillson. The test procedure consisted of mechanically advancing

a 10 square centimeter cone with automatic and continuous recording

of total penetration resistance. A specially sealed verticel 23ip

i coupling is provided about 10 cm from the tip, which facilitaias

: separating the two components of total penetration resistance; nzmely,
skin friction along the rod surface and actuval tip friction resistance
at the cone. Six penetration probes were performed at Buffalec Creek
Dam No. 3, one at Dam No. 2, and three within Pocl 3 sludge at the

vpstream end of Pool 3.

: In situ shear strengths were determined using the same portable equip-
; ment described above, except the panetrometer tip was removed and a

: 17 em long by 6 om wide vane was attarhed to the end rod. The wvane
shear probes were located adjacent to the penetrometer probes in order
: to correlate penetration resistance cro shear strength. Predrilled

' pilot holes were Yequired at Dam No. 2 (Figure A-3, Photo D) and

i in the channel area of Dam No. 3 in order to penetrate the overlying

coarse materials prior to starting the in—-place testing.

ohn
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Where the equipment did not have to penetrate gravel, the penetrometer
¢ o~ was first advanced until refusal was met. At an interval of approx- :

imately two meters, a friction test was conducted in order to separate

: rod frietion from total penetration resistance of the material. After

completing the pemetration tests, the equipment was moved approximately

,

1 to 2 feet from the penetration hole to insure that vane shear tests

would be performed in undisturbed material. The penetrometer cone

. was replaced by a vane, which also was advanced to refusal. At two—

meter intervals a shear test was conducted to determine in-place shear ‘g
strength of the wmaterial. Tigure V=15, Photo C, shows the site of ‘E
tests in Pool 3 sludge. Results and locations of both penetration and

vane shear tests are presented in Table A-3 and Figure A~5>, sheets 1 P

through 10.

i a As a result of the coarse-grained nature of the foundation sludge

: material, the penetration and vane shear data were used only as a means

- of interpreting the consistency of the material. The vane shear test

: results, in particular, can be very misleading and were not, in any way,

used in the engineering analyses. The reason for the data not pro-

viding more useful information was a resulrt of the sludge material

: exhibiting a dilatency during the application of shearing strain.

: This dilatency resulted in the development of negative pore pressures

. ' at the tip of the wvane, thus increasing the undrained shear strength .

% by same unknown amount. Simdilarly, the vertical slip coupling

: associated witn the penectromerer equipment was not effective in
separating the total and tip penetrration resistance. The reasons

for this are thought to be associated with (1} the relatively low

in-place densities, (2) the low undrained shear satrength, and (3)
absence of any cohesion of these materials when saturated. Because
of the difficulties associated with interpreting the rod friction
portion of the test, the results have been presented in the form of

tetal penetration resistance versus depth.
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F. BACKHOE PITS AND BULLDOZER TRENCHES

Eleven backhoe pits were excavated in the Pecol 2, Pool 1, and Dam No., 1

areas to expose shallow contact relations and materials for cbservation.

Logs of selected walls of the pits are presented on Figure A-6. Loca-

tions of the pits are shown on Figure VI-20. A typical backhoe operation

is shown on Figure A-4, Photo A. Bulldozer trenches were excavated in

the left abutment of Dam Jo. 3 and in the refuse bank near hole S-4.
The trenchzs cxposed the coal waste for detailed observation and for

field density testing. The bulldozer 'was primarily used to construct

an access road from the Buffalo Creek county road and secondarily for

trenching and for on-site drill rig roads and ramps. The bulldozer and

backhoe, along with equipment operators, were provided by the Paul J.

Rayburn Company, a subcontractor from the local area.

G. AERIAL PHOTOGRAPHY ANL TOPOGRAPHIC MAPPING

Aerial photography and the associated ground control were subcontracted

to Michael Baker, Jr., Inc., of Beaver, Pennsylvania. Two series for

vertical stere¢ coverage were flown as follows:

Date Photo scale Medium
1. March 9, 1972 1:6,000
2. April 11, 1972 1:6.000

black and white
color
In additicn, the subcontractor made available from his files black

and white vertical aerial photographs taken February 28, 1972,
November 28, 1962, and January 28, 1963.

The subcontractor prepared topographic maps of Middle Fork Valley

and specific portions of the valley at scales of 1" = 10C', 1" = 200°',

W A WAHLER a-8
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and 1" = 400', Portions of the 1" = 100' map were enlarged to 1" = 50'

for detailed geologic mapping. The 1" = 400" map was prepared from

the small-scale November 28, 1962, zerial photographs in the files of
the subconrtractor.

H. GEOLOGIC MAPPING

Geologic mapping was done intermittently from April thrcugh September,
1972. The inirial efforrs were concentrarted on the areas most likely
to change due to natural erosion or sliding, or due to subsequent
exploration activities such as constructing access roads. Conventional

surface mapping was supplemented by the use of aerial phetegraphs and

subsurface exploration.

WA WAHLER A9
& ASSOCIATES =

L .\‘.li

N

PR T

R o



‘ =4 .- \\\ oy e s e,y i
' _,

Bl //

! ,, f ,w .

.
Ly OGRS //

Rl A
. 8555 /.

I\

.',

INC.

JR.,

COMPILED FROM AERIAL PHOTOS FLORN N’

BASE WAP BY HICHAEL BAKER,
4/8/12,

e







D p— -2:
[ f - 1"7

200 FEET

CONTOUR INTERVAL 19 FEET
SUPPLEMENTAL CONTOURS,AT 2 FEET

T, . . . PRV C . L . T I



. N e

DO FEET




A

—

—
—

]

7

LOCATICN KEY

i

FIGURE NO. LOCATION BY GRID FIGURE NO. LDBATIF
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PHOTO A. CME~45 DRiLL ARG USING HOLLOW
STEM AUGERS ON Hote S-1.

PHOTO C. SPECIAL DOUBLE-LENGTH SHELBY TuBE
BEING REMOVED FROM SHELBY HEAQ,HOLE S-8.
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PHOTO B. STANDARD rENETROMETER TEST IN
HoLe S-2.
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PHOTO O. PITCHER BARREL USED GN HoLe S-20.

HERE DISASSEMBLED,

PARTS LABELLED
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PHOTO A. {Tere rFrOM HOLE S-11.
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PHOTO C. TrpicaL Fiewp PeemeasiLity TEST
SET-UP  FLOAT VALVE KEEFS CONSTANT HEAD
IN HOLE; WATER LEVEL IN BARREL IS READ
PERIODICALLY IN S!GHMT TUEE
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PHOTO B. S7aNDARD PENETROMETER RECOVERY.
HoLe S=11.

PHOTO 8. FPORTABLE VANE SHEAR EOUTPMENT
IN USE ACJACENT TG HOLE S-4. THWE ORILL
RIG DRILLED A PILOT HOLE FHROUGH THE
REFUSE DUMP 70 THE UNDERLYING SLUDGE
FOR THE PORTABLE £QUIPMENT.
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PHOTC A. BACKHDE EXCAVATING PIT 2. PHOTO B. WaLL OF P17 2. HAMMER HEAD IS
AT CONTACT OF DISPLACED PCOL 2 SLUDSE
OVER IN-PLACE DAM NO, 2 _.BANKMENT
GRAVELS. SEE ALSO Pi7 2 LOG IN
FiGure AG.

PHOTO €. Pit 7, craver oF DAM HO. 3 over- PHOTO D. ExPLORATORY BULLDOZER TRENCH
LYING SLUDGE OF PodL 2. See Ause Piv ] tN LEFT ABUTMENT REMNANT OF DAM NO. 3.
LOG !N FIGuRE A=B. F1eLo Oewsirr TeEST BEING SET UP IN

MIDDLEGROUND .
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N
3
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WA WAHLER
& ASSOCIATES FIGURE A-t



SUFFALD CREZK, DAM NO.2, V-1
PREDRILLED HOLE AT S—4 TO 52.0 FEET
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PALD ALTD » NEWPORT BEACH ® CALIF 0790 NOVEMBER 1372 A-5

15 . SHEET 2 OF 10

e s e G



e
b

e e o

BUFFALO CREEK DAM 0.3

PV-2
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REFuUSAL
10
S
20
25 J(
3D
g 20 20 50/0 1000 2000 3000
PENETRATION RESISTANCE SHEAR STRENGTH. S,
Kg/cmz psf
W_ A WAH[ER GOAL REFUSE DAM FAILURE FIELD VANE SHEAR AND (OR) CONE PENETROMETER

SAUNDERS. WEST VIRGINIA TEST RESULTS

& ASSOCIATES

PROJECT NO, LATE FIGURE N2
PALD ALTD @ NEWPORT ACACH @ CALIF. L7700 NOVEMBER 1972 A-5
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DEPIH, FEET

20
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BUFFALOD CREEK 3AM NO.3

PV-3
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20 an 60/0

kg/:m2

PENETRATION RESISTANCE

1000

2000

SHEAR STRENGTH, Su

pst

3000

WA WAHLER
& ASSOCIATES

CDAL REFUSE DAM FAILURE
SAUNDERS, WEST VIRGINIA

FIELD VANE SHEAR AND (OR) CONE PENETROMETER

TEST RESULTS

PROJECT NO.

DaTE

FIGURE NO,

PALD ALTD & MEWNPORT BEACK ® CALIF.

0700

NOVEMBER 1972

A5

<

SHEET 4 OF 10

N s e 0 C B Lt Y
Ceidsah it ol GensihT




B T

4

OEPTH, FEET

BUFFALO CREEX DAM NO.3

PY-4

10

20

_..-Jx‘

—_—— e T . e g

20

30

20 40

PENETRATION RESISTANCE
Kz em?

6070 1000 2000 3oaop

SHEAR STRENGTH, S
pst

u

WA, WARLER
& ASSOCIATES

COAL REFUSE DAM FAILURE
SAUNDERS, WEST VIRGINIA

FIELD YANE SHEAR AND (OR) CORE PENETROMETER
TEST _RESULTS

FROJECT ND DATE FIBURE NO.

FALL ALTG e NEWPORT BEACH @ CALIF.

0700 NOYEMBER 1972 A=5
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DEPTH, FEET

BUFFALD CREEK DAM NO 4,
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PENSTRATION RESISTANCE
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WA WAALER

COAL REFUSE DAM FAILURE

FIELD VANE SHEAR AND (OR) CONE PENETROMETZR
TEST RESULTS

&ASSU[””ES SBUNDERS, WEST YIRGINIA PROIELT D oalt iRt mo
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BUFFALD CREEK DAM NO.3
PV-2

g
NO PENETRAT(ON RESISTANCE
FROM 0-31.5 FEET r
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qnu 20 a0 80/0 1000 2008 3000
PENETRATION RESISTANCE SHEAR STRENGTH, S
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WA WARLER COAL REFUSE DAM FAILURE FIELD VANE SHEAR AND (DR) CONE PENETROMETER
- fl. TEST RESULTS
& ASSUE‘AIES SAUNDERS, WEST VIRGIN!A pT— — e —
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BUFFALO DAM K0.4
V-3
0
NO PENETRATION RESISTANCE
FROM 0-14.8 FEET
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DAM NO. 2 ENBANKHENT
GRAVELS POOL NO. 2 SEDIMENTS.

PITNO. 1

NORTHEAST WALL

RESERVOIR SEDIMENT OF POOL NO.2.

SAND; BLACK; VZRY THIMLY BEDDED;

CRY T0 SLIGHTLY DAMP; VERY LODOSE.

BEDDING SLIGHTLY CONTORTED, SE

O1PS PREVAIL. \ SANDY GRAVEL: BEDOING VAGUE. PIT
CUT AT RIGHT ANGLES 70 STRIXF OF
GRAVEL=-SAND CONTACT

PIT NO. 2

NORTHEAST WALL
N50%4

BOG. N5OE. 250w

BDG. MNEOYE, 2E°NW B0G. E-w, I5°S
BOC. N35%E, 21%NK

UPSTREAM FACE OF

808, N37%E, 18%Nw
DAM RD. 2 37 g

PSS

PHOTD B, FIGURE A4

APPROXIMATELY §0% SAND
IN VERY THIN BEDS AND

20% CLAY IN BEDS 1/2%"
TO &'l THICK.




S510W
POOL N2. 2 SEDIKENTS. -
SAND (90%) IN THIN BEDS;
BLACK:; ORY TO MOEST
RBOVE ¥.L.: VERY LDOSE.
GLAY AND SILT (10%) I[N A
FEW BEDS P 1O B' THICK:

MQ1ST; YERY SOFT.
ST B06. Na5"% a3” ux

806, N5DOZ_ 24%m¥

- B

F—PIT WALL CAVED ——

-
w.L 1/11/72

PIT NO. 3

NORTHWEST WALL

(PIT CUT SUB-PARALLEL TO STRIKE QF
BEDDING, STAUCTURE OF SEDIMENTS
15 OBSCURE LAAGELY FOR TH1S REASON.)

CONTACT. SENERALLY SAND, GRAVEL; LOOSE TO VERY
NIBOW, 4595w, LOCALLY L00SE; DAMP, A FE¥ SOUTH DIPS
AS STEEP AS 60-700. AT 1p=-800 PRESENT ON FLAT CLASTS

6. N37°E, 190w

POOL MO, 2 SAND:
N0 STRUCTUIE

- APPARENT.
PIT NO. &4
NDRTH WALL
SECALE
0 o 10 FEET
HORIZONTAL = YERTICAL
SEE SHEET 3 FOR NOTES AND ABREYIATIONS.

, I : a3
. H ACE i P
: I WA WAHLER BU?L REFUSE DAN FAIL:RE BACKHOE PiT LOGS o)

. AQS‘]E‘MES SAUNDERS. WEST VIRGINI FROJECT NO. BATE {  FIGURE MO,

! v PALO ALTD NEWPORT BEACH LALLF 07¢0 NOVEMBZR 1372 ] A=

SHEET 1 OF 3



T

BOG N50OW, 359NE

80G N55°W, 129s¥

- PIT NO. 5

—_—— EAST WALL

1-1/2" YELLOW
CLAY SEAW.

‘/ Cic 80w, 48%sw
Q

~POOL MO. 2 SEDIMEMTS; 30% SANDY GRAVEL; VERY LCOSE:
SAND (BLACK, LODSE, SLIGRTLY BAKP TO HOIST. MO PREFERRED
DAMP) AND 10% CLAY IN SEAMS ORIENTATICHS OF BEDDING
gl 12" THICK (SCFT, DAMP, FEATURES.

YELLOW=-BROUWN ).

. PIT NO. 6

8550E PIT |

-~ SOUTHWE

SDE. N GRAVEL i
NS5OE, 109SE.

GRAVELLY SAND: SLIGHTLY DAMP;

VERY LODOSE. SOME TENJENCY FOR
SE DIFS AT 108200,

DUE M

-— SOUTHEAST WALL -~ :
¥

R o,

FRACTURE N70°F, 74°NE, (gn ap Hen BLACK;
LINES UP WITH TOPOCRAPHIC LTC 1s N44OW. 2405W; GRAVELLY SAND: SOME PREFERENCE DAMP;.
BREAK EXTENOING SEVERAL :

TENS DF FEET.

\

BDG NSO°W, 14°sw,

RESERVOIR SEDIMENTS FROM POOL NO. 2
SAND WITH A FE® SILT AND CLAY BEDS
(TO 3" THICKNESS). SAND IS BLACK,
LAMINATED TO VERY THINLY BEDDED,
ORY 70 SLIGHTLY DAMP, LDOSE 70 VERY
L8OSE. SILTY CLAYS ARE ROIST AND
YERY SOFT, GENERALLY 0ARK GRAY;

OME GED IS YELLOW-BRDWN,

FOR CRIZATATION OF GRAVEL CLASTS
T0 BE SUB-PLRALLEL TO THE DEDDING
AF THE RESERVDIR SAND.




-3

: PIT NO. 7
— NSTOW, 3795 OM

SOUTHREST WALL FLAT BOTTOM OF

GRAVEL CLAST
GRAVEL figor’ 2508 BOG N-85°F, 1775,
19SE .
~— BOG.N759%, 170SH (

e e

w.L. 1713792 PHOTO C, FIGURE -A=d
o g g
3E. i£Y FOR POOL NO. . :
AT 100=200. GOL NO. 2 SEUIMENT; BLACK SAND,

DY TO SLIGHTLY DAMP; LCOSE TO
VERY LOOSE. RAELATIVELY UNDIS-

DUE M
e

TORTED BEDDENG WITH SOUTHERLY D1PS

OF 152009,

PIT NO. 8

EAST WALL

POOL KO. 2 SEDIMENT:
BLACK SANG; SLIGHTLY

DAMP: LOOSE GRAYELLY SAND; NO PREFERRED
ORIENTATION.

w.L. /%3772
SCALE
10 ) 10 FEET
——— =]
HORIZONTAL = VERTICAL
SEE SHEET 3 FOR NOTES AND ABREVIATIONS.
WA WAHLER COAL REFUSE DAM FAILBRE BACKROE PIT LOGS el
T - SAUNDERS, WEST YIRGINIA -
& ASSOCIAIES PROIECT O bAlE FLgusE KA.
PaLO ALTO NEWPOAT BEACH caLLr 8700 NOVEMEER 1872 A-B
SHEET 2 OF 3
Y g e - i' I o 'i e . - - - - - P
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S400¢

POOL NO. 2 SEDIMENT; SLIGHTLY
CLAYEY AMND SILTY SAHD; VERY
LOOSE: SLIGHTLY 0aMP.

SANQY GRAVEL: ORY TO SLISHTLY
DAMP; LOOSE TO0 YERY LOOSE.

TREE TRUNK na-—-"’lz

ERANCH.

80C NSOYE, 34%cE On
YELLOW CLAY LAYER.

PIT NO. 9

SGUTHWEST WALL

N4QO¥

GRAVEL, SLIGHTLY SAMDY AMD CLAYEY,
AENERALLY HORTIONTALLY 3EN3ED: LCOOSE

T3 YERY L0DSZ; NAMP 70 MOIST.
\ IIDSLE
FORK

———

MO T E: PIT IS FREE CF STANDING
WATER AND SEEPS EVER

GRAVEL WI!TKR RED DOE THOUGK MIDDLE FORK 1S5 NEARi

GRAVEL WITH RED DDG

PIT NO. 10

NORTHEAST WALL




N410W

IDIMENT; SLiGHILY
JLTY SAND: VoRY
TLY DAMP.

SAND SLUDGE TIRAFT™, CONTORTED
SEQUING GENERALLY DIPPING
30" OR LESS. SLIGHTLY DAMP,
LOOSE TC VERY LOOSE.

GRAVEL, CLEAN; KO BLACK SAND:

} HORIZONTAL BEGDING: DAKF TD

WET: VERY LODSE,

PIT NO. 11

NDRTHEAST WALL

%

8

¥

H NOTES: 1. SOIL JESCRIPTIONS ARE BASED ON UNIFIED SDIL

: : CLASSIFICATION (SEE KEY TC DRILL HOLE LOGS

i . IN THIS APPEHDIX).

i 2. AGBREVIATIONS: BOG = BECZING ATTITUDE

CTC = CONTAET
K1DTLE 3. FIAST FLGURE OF BECDING ATTITUDE [S THE STRIKE
o SECOND FIGURE IS THE DIP. EXAMPLE:

. FORK BBC_NSG E, 34 $t = BELUING ATTITUDE: STRIKE

a N5DOE, 51P 34°5E.

; 4. FOR LOCATION OF BACKNOE PITS SEE DRAWING NO., Vi-20.
1S FREE OF STANDING
KIER AND SEEPS EVEN

OUGH MIDOLE FORK 1S NEARBY.

¢ ) SCALE

: 10 ] 10 FEET

| — — |

HORIZONTAL = VERTICAL

W i WAH[EH COAL REFUSE DAM FAILURE BACKHOE FIT LOGS o0
&' ASSUEIAIES SAUNDERS, WEST VIRGINIA TR — ey
" PALD ALTD  NEWPORT BEACH  CALIF. 0700 NOVEMBER 1972 =B
B SHEET 3 OF 3




TABLE NO. A-1

DRILL HOLE SUMMARY
[FOR NOTES AND ABBREVIATIONS. SEE SHEET 2 DF 3]

DEPTH TO.. (ft) leLEvaTion
HOLE DATE(S) gg;;‘; sort Veconock| AT LOCATION
n IRILTED ctor | SLUOSE [ Sog 1 suprace | CCrETT
5=1 4.°3~8.72 41.9 N.E. 29.0 32.5 17684.5 | DAM NO. 3, LEFT ABUTMENT
2 4 6-12 72 50.0 N.E. 39.0 43,3 1763.6 | DAM NO. 3, LEFT ABUTMENT
3 4. 13-18 72 65.0 N.E. ? 47.0 1762.5 | DAM NO, 3, LEFT ABUTMENT
4 4.19-5 § 72 126.0 5B.0 111.0 113.3 1692.0 | DAM NO. 2, REFUSE BANX
3 § 25-27 72 111.8 56.0 95.0 100.9 1690.0 DAM NQ. 2, NOSE NEMNANT
6 g 8-10 72 31.5 33.0% 34081 36.9 1706.0 | 9DAM NO. 3, RIGHT CHANNEL
1 5 12-18 72 106.0 28.0E 80.0% ¢ €3.0 1702.0 | DAM NO. 3, CEMTSP CHANNEL
8 5 17-18 72 6.0 32.0 §9.05| 70.D 1707.0 | DAM NO. 3, LE[™ CHANNEL
9 3 10-22 72 105.0 340 7 86.0 1704.0 | DAM MQ. 3. CENTER CHANNEL URSTREAM
1 5 24=8 2 i2 1720.0 15.0 ? 108.5 1701.8 TAM NO. 2, CENTER CHANNEL DOWNSTREAM
[ 6.5-8 72 120.5 78.0 198.0  112.0 1703.0 | DAM NO. 3, CENTER CHANNEL QOWNSTREAM TOE
12 |6 28.7 10-14 72| 174.0 N.E. N.E.? 28.0 1750.0 JAM NO. 2. RIGHT ABUTMENT
13 1.13=-18 72 115.0 N.E. 85.0 102.0 1637.0 OAM NO. . LEFT ABUTMENT REFUSE BANK
14 7718-24 72 115.5 34.0 104.0 113.3 1682.0 pooOL 2
15 7 18-25 72 78.0 1.3 N.E.? ~.0 1857.0 | POOL
16 172712 81.5 88.0 0.5 81.3 1700.0 | DM NO. 3. CENTER CHANNEL DOWNSTRZAM
17 724-25 72 70.0 33.0 N.E. 0.0 1700.0 ; POOL 2. LEFTSIDE
18 1 21-28.72 86.5 65.59 N.E. N.E. 1695.0 POOL 2, CENTER, UPPER END
19 7 25-28 72 76.0 48.5 N.E. E6.0 1688.0 POOL 2, RIGHT SIDE
20 7 27-28 172 14,1 N.E. N.E. N.E 1763.0 DAM NO. 2. LEFT ABLYMENT
21 72172 05.9 50.0 : N.E. N.E. 17G1.0 0AM NO. 3, CENTER CHANNEL DOWNSTREAM
22 i3 41.3 40.0 N.E. N.E 1701.0 DAM NO. 3, CENTER CHANNEL DO¥NSTREAM
TOTAL oot f1870.8
BS=1 37212 3.4 N.E. ~28.1 31.4 1763.4 DAM NO. 3, LEFT ABUTMENT
) 52702 28.5 N.E. | ~24.0 26.5 1764.0 DAM NO. 3. LEFT ABUTMENT
3 5272 9.7 NEL T ~22.0 25.7 1764.3 DAM NO. 3. LEFT ABUTMENT
4 i 5272 26.0 L ~23.0 26.0 1765.0 DAM NO. 3. LEFT ABUTMENT
3 3272 37.0 N.E. ~25.0 1.0 1696.10 DAM NO. 2, REFUST BANK
6 3, 2,6/23772 81.0 ~50.0 { ~79.0 | ~80.0 1694.0 DAM NO. 2, REFUSE BANL
1 52,6272 125, ~50 0 95E 100€ 1693.0 OAM NO. 2, REFUSE BANK
8 5272 15.0 K.E. N.E.7 | 10~15E | 1705.0 0AM NO. 3, RIGHT CHANMEL AREA
9 33,1072 37. ~30.0 7 §7.5 1704 .0 GAM NO. 3, CENTER CHANNEL AREA
10 53,1072 B9.C 7 7 88.0 1704.0 OAM NO. 3, CENTER CHANNEL AREA
1 5.3:72 58.0 N.E.7 54 .0F 58.0 1716.0 OAM NO. 3. LEFT CHANNEL AREA
2 5272 39.5 N.E 36.0E 385 1728 .0 DAM NO. 3, LEFT CHANNEL AREA
13 52,0112 81.0 ~30.0 B0.5E 81.0 1706.0 DAM NO. 3. CENTER CHANNEL ARERA
14| 531172 89.5 7 | op-ggp!| 99.5 |1700.0 { UAM NO. 3, CENTER CHANNEL AREA
13 57372 40.5 N.E.? ? 40.5 1702.0 } DAM NO. 3, RIGHT CHANMEL AREA
L
WA WAHLER 34
- [V TABLE A=1
& ASSHEMT[S Sheet 1 af 3

A .S
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TABLE NO. A-1 — CONTINUED
DRILL HOLE SUMMARY

DEPTH 10...{11) i
TOTAL ELEVATION
HOLE DATESC(S) AT LOCATION
DEPTH sorL BEDROCK -
NE. ORILLED (tey | SLUDBE b ygp” L syreace | Cregt
BS=16 53,72 46.5 : ? 46.5 i708.0 | DAM NO. 3, RIGHT CHANNEL AREA
i1 53,1172 64.5 ? ? B4.0E | 1698.0 | DAM NO. 3. LEFT CHANNEL AREA
18 5.3/72 8.5 N.E? ? 38.9 1720.0 | DAM ND. 3, LEFT CHANNEL AREA
19 718,72 20.9 ---- ? I 20,56 1 150000 TOEHEEFKREFUSE BANK AT BUFFALO
TOTAL [eemeeemeemmmees 10126 ! :
P 5,472 63.0 ‘ 1692.0 | 5" WEST OF S~
2 3. 2372 35.0 1702.0 | ADJACENT TO $-7
k! 5:23, 72 35.0 1707.0 1 ADJACENT TO S~
4 53172 35.C 1702.0 | ADJACENT 10 §-7
5 521372 35.0 l 1707.0 | ADIACENT T0 S-8
TOTAL [eecaemecceceee 2050 L
NOTES 4. FOR LOCATION OF JRILL MOLES. EXCEPT BS-1% SEE FIGUAE Vi-20
BS=19 IS SHOWN ON FIGURE {1i=24
7 ELEVATIONS ARE APPROXIMATE: THEY MAY NOT MATCH THE INDICATED
ELEVATION ON FIGURE VI-20 DUE TO PAD CUT OR FILL.
1 ABAREVIATIONS AND SYMBOLS: N.E = NDT ENCOUNTERED
€= ESTIMATED, ~ = APPROXIMATE; 7 = NOT DETECTED DR
UNKNDWN
3. SEE FOLLOWING PAGE FOR FP SERIES HOLES.
3o
-
WA, WAHLER HBLE bl
& ASSUﬁ[ATES Sheet 2 of 3
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TABLE NO. A-1 —CONTINUED
DRILL HOLE SUMMARY

TOTAL Ksno

HOLE OATE(S) DEPTH 20 C

NO. ORILLED ity (cn/sec) LOCATION

EP.iA 51272 26.0 2.47x1079 ALL FP-SERIES HOLES ARE ON THE LEFT
24 51572 40.0 — ABUTHENT REMNART OF DAM ND, 3 AKD
&) 5. 24-25."72 10.5 THEIR LOCATIONS ARE PLOTTED ON Fil-
4k 53172 25.0 URE v1-20.
54 5272 35.5 s ¥
BA 117-72 15.0 "
TA 11812 15.0 21700 } 2 TESTS IN FP=7A
74 72072 1. 79x104
84 12172 15.2 t,35x10~4
g9A 7 2627112 4.9 =
104 7 25-26 12 4.5 4. 64x10%9
114 7 24=25 72 47 4.83%10°5
124 121712 5.8 -
134 12872 4.9 2.85x10
1ah 73172 4.2 4.1520074

TOTAL | oo 205

GRAND TOTAL | - o cemeeecmecen 7302.9

* ND USEFUL DATA OBTAINED. SEE FIELD PERMEABILITY TEST RESULTS

IN THIS APPENDLX FOR OETAILS.
** STANDARD TEST NOT RUN, BUT A TRAVEL-TIME TEST WAS WADE

FIELD PERMEABILITY TEST RESULTS HEREIN
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TABLE A-3
PENETRATION AND YANE SHEAR TEST RESULTS

(1) LOCATION OF PROBES

LOCATION PROBE KUMBER
PRE-DRILLED HOLE @ DAM NO. Z; $=4 ¥~1
UPPER REACH OF POOL WO, 3 P~1, ¥-1
UPPER REACH OF POOL HO. 3 P=2, V-2
UPPER REACH OF POOL KO. 3 P~3, ¥=3
UPPER REACH OF PGOL NO. 3 P4, V-4
PRE-DRTLLED HOLE @ DAM NO. J3: S-7 P=3, V-5
PRE-DRILLED HOLE @ DAM NO. 3; S~ P55, V=G
POOL BEHIND DAM ND_ 4 -1, ¥-1
POOL BEHIND DAM NO. 4 P2, ¥=2
POOL BEHIND DAM HO. 4 P=3, ¥-J

NOTE: SEE FIGURE ¥1-20 FOR F1ELD LOCATIONM.

(2) PENETROMETER TEST RESULTS

DEPTH TOTAL DEPTH TOTAL
PROBE NO. RES{STANCE PROBE NQ. RESISTANCE
" FI1. kgfem? ¥ r Fi. ka3/cml
DAM NO. 3 DAM ND. 4

P} 0.2 0.7 3 P-1 2.3 1.5 0
1.0 1.3 3 2.3 7.5 12
1,3 4.3 2 2.8 8.2 17
1.8 3.8 ] 2.8 9.5 68
.0 6.6 1 3.4 1.2 8
12 7.2 10 1.5 1.5 20
2.4 7.9 4 3.6 11.8 16
2.6 8.5 1 4.6 15.1 25
3.0 5.8 80 5.8 18.4 B
10 g; l 5.2 0.4 14
11 3§ ! 6.5 1.3 71
2.3 1.5 3 P=2 0 - 3.5 0-1il.5 0
.4 7.8 70 3.9=-7.0 |15 - 3.0 z

P-3 0.2 0.7 4 P=3 0-4.5 0 -14.8 0
0.7 2.3 V7 5 4.5 14.8 b
1.3 4.3 2 3.0 16.4 0
2.0 6.5 2 5.5 18.0 2
2.3 1.5 4 5.9 19.4 7
2.4 1.8 50 6.4 21.0 0

5.4 21.0 7

P-4 .
S e : 1.6 25.0 1
1.6 3.2 k|
2.3 8.2 3
3.0 3.3 3 e
il 10.2 30 38

WA WAHLER TABLE A3
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¥ TABLE A-3 —CONTINUED
PENETRATION AND VANE SHEAR TEST RESULTS—CONTINUED

(2) PENETROMETER TEST RESULTS—CONTINUED

PROBE ND. DEPTH RESE;:&&CE PROBE NO. DEPTH RES.I;I;;‘:\';‘CE
- G2 xg/en L AT u/en?
OAM NO. 3 [AM NO. 3—=CONTINUED
25 "TEER 2 PG 10.9 35.8 24
1.8 31.7 kH 12,4 40.7 29
ii.6 38.0 18 12.7 41.1 49
11.7 38.4 43 13.0 42.6 32
12.1 4.7 39 13,4 44.0 7
12.2 40.0 18 13.5 44.3 B0
12.4 40,7 9 13.7 45.0 23
12.5 41.0 45 14.1 46.2 21
13.3 43.8 Kl 14.4 47.3 48
13.4 43.9 50 14.8 471.9 41
3.6 N Kl 14.7 48.2 29
14.2 46.5 35 15.1 49.5 28
14.3 46.9 20 15.4 50.5 41
15.4 50.5 47 15.6 91.2 29
15.5 50.8 20 16.4 53.8 21
13.5 52,2 19 18,7 54.8 40
16.0 52.5 52 17.0 55.8 19
16.2 531 45 17.3 36.8 12
16.3 53.5 N 17.4 §57.1 42
18.5 54. % 18 17.7 58.1 42
i6.9 55.4 35 7.8 98.4 22
17.1 56. 1 32 18.2 59.7 26
17.2 36.4 53 i8.5 §0.7 . 4B
17.8 38.7 22 8.7 61.4 52
8.1 59.4 43 19.1 62,7 20
19.0 62.3 22 19.2 63.0 32
20.0 65.5 41 20,2 6.3 18
20.9 67.3 2B 21.0 B6.9 23
2.8 7.5 50 21.1 . g9.2 36
22.0 722 25 21.6 70.2 i5
22,2 72.8 20 21.8 11.5 80
73 | 13 45
22,7 74.5 139
(3) VANE SHEAR TEST RESULTS
OEPTH "' vaLUE A HEA *
PROBE NO. TEST NO. H ey iN.l-IJ vnNsEf/cxf.F" SHEAR S:ZENETH
N DAN NO. 2
‘ V-1 51 208 | 656 2.59 1300 3370
-2 21.0 88.9 2,79 1300 3620
=3 21,9 71.9 2.98 1390 3870
&3
(REMOLDED) 21.8 7.8 1.40 1300 1820
. 4 23.1 75.8 1.75 1300 2210
-5 24.0 78.8 1.69 1300 2200
55 24.9 81.7 1.05 1300 1360
]
(REMOLOED) 24.9 81.7 0.82 1300 1070
% oHEar STRENGTH = "' VALUE x VANE COEFFICIENT. SEE APPENDIX A, SECTION E FOR [NTERPRETATION.
WA, WAHLER ) 6L A
& ASSOCIATES S8 Sheet 2 of 4
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TABLE A-3 ~-CONTINUED

PENETRATION AND YANE SHEAR TEST RESULTS—CONTINUED

(3) VANE SHEAR TEST RESULTS—CONTINUED

PROZE ND. TEST NO. - BETT" — Halt vaLue "‘:E‘j?:” SHEAR STRENGTH *
DAM NO. 2—CONT INUED
¥-1 57 76.0 85.2 .10 1300 1430
CONT. -8 77.0 89.6 1.4 1300 1510
S8 28.0 81.9 1.34 1300 1740
3-8 0
(RENDLDED) z8. 91.9 1.08 1300 1400
510 28.0 95.2 1.87 1300 2430
11 9.7 97.5 KIRT 1300 4080
DAM NO. 3
¥-1 Sl B 3.3 0.44 1300 570
§-2 2.0 .8 0.73 1300 50
53 3.0 8.8 3.28 1300 424D
=3 3.0 2.87 0
 REHOLDED) 9.8 130 3730
S 3.5 1.9 4.03 130C 5250
y-2 -1 LG 3.3 2,29 1300 510
§~2 1.9 B.2 0.78 1300 1010
§-3 2.2 1.2 0.62 1300 g10
=3 2.2 1.2 0.45 1300 h)
(REMOLDEDY ’ ! 3
V=3 51 1.0 5.3 0.66 1300 B60
$-2 2.0 6.6 N 0.69 1300 g0
§=3 2.9 8.5 4.25 1300 9520
-3 2.9 5 4.07 300 280
(REMOLDED) S 130 ’
V=4 51 1.0 3.3 £.55 1300 720
$-2 1.8 5.9 0.81 1302 1050
&3 2.8 3,2 .13 1300 AD70
52 2.8 9.2 2.52 1300 3200
( REMOLDED)
¥-5 51 1.0 36.1 3.65 1300 4750
2 13.2 43.3 1.83 130D 2380
53 15.0 48.2 2.85 1300 3760
83 15.0 2 1.70 1300 210
(REMOLDED) 4. z
§— 16.5 54.1 2.02 1300 2620
$-5 17.8 58.4 5+ 1320 4550+
S5 8.1 59.3 3.5 + 1300 4550+
56 18.1 59.3 3.5+ 1300 4550+
(REMOLIED)
V-5 5-1 1.2 36.7 3.40 1300 . 4470
87 12.3 41.8 1.53 1300 -~ 1880
$d 14.8 48.9 3.48 1300 4530
33 14.9 8.9 2.04 1300 650
(REMOLDED ) 4. 2
w A WAHI_[H * SHEAR STRENGTH = """ VALUE x VAME COEFFICIENT. SEE APPENBIX A., SECTION E FOR

& ASSOCIATES

INTERPRETATION.
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4
TABLE A-3—CONTINUED
PENETRATION AND VANE SHEAR TEST RESULTS—CONTINUED
) (3) YANE SHEAR TEST RESULTS~CONTINUED
PROBE NO. TEST NO. m DETH - At YhLue "‘:;ﬁ:’:“ SHEAR STRENGTH ™
OAM RO, 3—CONTINUED
. v-& $-4 16.0 52.5 .55 1300 ' 4520
. ) CONT. &5 18.1 59.4 2.42 1300 3180
) ' 5-6 19.3 63.3 1.44 1300 4470
6 18.2
(REMOLDED) 63.3 1.63 1300 2150
DAK NO. 4
V-1 51 2.0 6.5 0,21 1300 70
§-2 2.4 7.8 1.41 1300 1830
§-2 -
4
(REMOLDED) 7.9 0.6 1300 340
V=2 §~1 1.0 3.3 0.18 630 120
52 2.0 6.5 0.1 650 70
3 4.4 14.4 0,32 650 210
53
(RENOLUED) 4.4 14.4 0.19 650 120
5—4 6.1 20.0 0.61 650 400
$-5 1.5 24.B 3.93 650 2560
¥=3 31 2.9 6.6 0.10 1300 130
§-7 4.2 13.8 0.25 1300 325
5-3 6.0 197 .80 1380 240
&3
(REMOLOED) 6.0 19.7 0.62 1300 810
5-4 6.9 22.6 2.48 1300 3220
* SHEAR STRENGTH = ”l"VILUE x VANE COEFFICIENT . SEE APPEND(X A, SECTION E FOR INTERPRETATION.
s
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HOLE S=3 WATER PRESSURE TESTS

Test #1
I. Data Compilation
A. Intexrval 65.0-66.0 Interval 65.0-66.0
Gravicy Head: 70 feet Gravity Head: 70 feet
PSIG = 25 PSIG = 50
Gallons Cumulative Gallons Cumulative
Minute No. Taken Gallons Minute No. Taken Gallons
1 0.5 0.5 1 0.7 0.7
2 0.7 1.2 2 0.7 1.4
3 0.7 1.9 3 0.2 2.3
4 0.7 2.6 4 0.7 3.0
5 0.5 3.1 5 0.7 3.7
6 0.6 3.7 6 0.9 4.6
7 0.5 4.2 7 0.6 5.2
8 0.6 4.8 8 0.7 5.9
9 0.6 5.4 9 0.8 6.7
10 0.5 5.9 10 0.7 7.4
PSIG = 100, other data same as above PSIG = 25, other data same as above
Gallons Cumulative Gallons Cumulative
Minute No. Taken Gallons Minute No. Taken Gallons
T 2.6 786 1 0.4 0.4
2 2.6 5.2 2 0.4 0.8
3 2.4 7.6 3 0.6 1.4
4 2.5 10.1 4 0.6 2.0
5 2.5 12.6 5 0.7 2.7
& 2.4 15.0 -] 0.6 3.3
7 2.4 17.4 7 0.7 4.0
8 2.3 19.7 8 0.6 [
S 2.4 22.1 9 0.6 5.2
10 2.3 22.4 10 0.6 5.8
Test #2
B. Interval 60.0-65.0 Test #2 Continued: PSIG = 50,Gravity
Gravity Head: 72.5 feer Head: 72.5 feetr, Interval 606.0-63.0
PSIG 25 Atctempted test at 50 PSIG but packer
Gallons Cumulative would not hold - or injected warer
Minute No. Taken Gallons travelled from the test interval
1 5.9 5.9 through fractures to enter the drill
2 6.0 11.9 hole above the top packer. Test
3 5.6 17.5 terminated, packers reset for Test #3.
4 5.6 23.1
5 5.7 28.8
6 5.5 34.3
7 6.6 0.9
8 5.4 46.3
g 5.5 51.8
10 5.3 57.1
11 5.4 62.5
12 5.3 67.8
W.A. WARLER 25
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HOLE §-3, WATER PRESSURE TESTS——Continned

Test #3
C. Interval 60.0-66.0 Interval = 60.0-66.0
Gravity Head: 73 feet Gravity Head = 73 feet
PSIG = 25 PSIG 50
Gallons Cumulative Galloms Cumulative
Minute No. Taken Gallons Minute No. Taken Gallons
1 8.8 8.8 1 10.3 10.3
2 g.0 16.8 2 10.7 21.0
3 8.5 26.3 3 10.1 31.1
4 8.5 34.8 4 10.5 41.6
S 8.6 43.4 5 10.3 51.9
6 8.6 52.G 6 10.6 62.5
7 8.5 €0.5 7 10.5 73.0
8 8.4 68.9 8 10.6 83.6
9 8.3 77.2 9 10.8 94.4
10 8.4 B5.6 10 10.6 105.0
PSIG = 75, other data same as above Interval 60.0-65.0
Gallens Cymulative Gravity Head: 73 feet
Minute No. Taken Gallons PSIG = 25
1 13.3 13.3 Gallons Cumulative
2 13.6 26.9 Minute No. Taken Gallons
3 13.7 40.6 1 €.5 6.5
4 13.7 54.3 2 6.3 12.8
5 13.5 67.8 3 5.6 18.4
5 14.0 81.8 4 6.3 24.7
7 13.9 95.7 5 6.5 31.2
8 14.0 109.7 6 6.4 37.6
9 13.0 122.7 7 6.5 44,1
10 13.6 136.3 8 6.4 50.5
Note: 75 PSIG = Max. pressure 9 6.5 57.0
obtainable with this pump for 10 6.4 63.4

the interval.
Test #4
Interval 54.0~59.0

Attempted test, but packer wonld not hold.
Since there were no other sotentially testable
intervals in the hole, the water pressurxe
test program for hole 3 was terminated.

o
<
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HOLE $—6 WATER PRESSURE TESTS

5/10/72

Series I
Interval 49.0-51.5

Ia PSIG 25
Minute Gals.
No. Taken
1 0.15
2 0.15
3 0.10
4 0.12
=) 0.08
6 0.04
7 D.05
8 0.03
g -
10 -
Note: guage pressure fl
@ 25-30
Ic PSIG 100
Minute Gals.
No. Taken
1 10
2 9
3 11
4 10
5 10.5
Holding Test
Fressure,psig Time,
100 0
50 5
25 30
10 70
5 150
0 210

WA. WARLER
§ ASSOCTATES

Gravicy Head 55.75 Fr.

Cum.
Total
0.15
0.30
0.40
0.52
0.58
0.62
0.67
0.70

uctuated

sec.

0700

I
Minute
No.

W R~ WM

10

BSIG 50

Gals. Cum.
TFaken Total
0.45 0.45
0.35 0.80
0.40 1.20
0.55 1.75
0.30 2.05
0.40 245
0.01* 2.46
Q.34 2.80
0.45 3.25
0.20 3.45

* Guage pressure gradually built
to 60 psi: was cut back te 50 psi
at beginning of minute no. 7.

1
Minute
No.

w B W

PSIG 25

Gals. Cum.
Taken Total
0.6 0.5
0.7 1.3
0.7 2.0
0.7 2.7
0.6 3.3

NOVEMBER 1972
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- HOLE S-6, WATER PRESSURE TESTS—Continued

Series II
Interval 41.0-49.C  Gravity Head 50.0 Ft.

Ila PSIG 25 IIb PSIG 50
Minute Gals. Cum. Minute Gals. Cum.
No. Taken Total No. Taken Total
N 1 0.0 -0 1 0.5 0.5
2 0.0 0 2 0.0 0.5
3 0.0 0 3 0.0 0.5
4 0.0 0 4 0.0 0.5
5 0.0 0 5 0.0 0.5
Ilc PSIG 100 Ind PSIG 25
Minute Gals. Cum. Minute Gals. Cum.
No. Taken Total No. Taken Total
1 0.0 0 1 0.0 0
2 0.0 0 2 0.0 0
3 0.0 0 3 0.0 0
4 0.0 0 4 0.0 0
5 0.0 0 5 0.0 o}

Holding Test

Pressure, Time,

PSIG Minutes

110 ]

100 1/4

95 1

35 2

82 3

77 4

75 5 end test.
=3
e

W.A. WAHLER

& ASSOCIATES
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UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D-2487)
GROUP
MAJDR DIVISIONS SYMEOLS TYPICAL NAMES
- - WELL-GRADED GRAVELS AND GRAVEL-SAND MIXTURES, LITTLE 03 MO
585 _ ., zz GY FINES.
—_ -
wEsoSz =3 op POORLY GRADED GRAVELS AMD GRAVEL-SAMD MIXTURES. LITTLE OR
w = L2325 = & K0 FIMES,
— = & = — =
—_— = Lt - -
2 = = &= ‘=T': '!E Ed 5‘,53 GM SILTY GPAVELS., GRAVEL-SAHO-SILT MIXTURES.
= 2 @« o === ===
C- w3 il GC BLAYEY GRAVELS, GRAVEL—SAND=CLAY MIXTURES,
— [ =3
- =2 &
s =S S 5 = W WELL-GRADED SAMDS AND GRAYELLY SANDS, L!TTLE DR NO FINES.
= = — w -
- = s = S =z
e w & w e 22T 83 SP PADALY GRAGED SANDS AND GRAVELLY SANDS, LITTLE OR NO FINES.
5 = R
- = = -
« = Ea-?_- Q=g SN SILTY SANDS, SAND-SILT HIXTURES.
= s ZZ=Z
e PrEa c
=° SC CLAYEY SANDS, SAND-CLAY MIXTURES.
HL IHORGAKIC SILTS, VERYT FINE SANDS, POCK FLCUR, SILTY OR
- e CLAYEY FINE SANEDS.
o v - = cL IHORGANIC CLAYS OF LOW TO MEDIUM SLASTICITY, GRAVELLY CLAYS,
i - = g SANDY gLAYS, SILTY CLAYS, LEAN CLAYS.
= - < —-= 5
« = E oL CRGANIC STLTS AMOD ORGANIC STLTY CLAYS OF LOW PLASTICITY.
[—]
= & = WH INORGANTC SILTS, MICACEOUS OR DIATOMACEOUS FIME $ANDS OR
= 28 on - ! SILTS, ELASTIL SILTS.
& s 5 o & oS
- . = == S==z CH INORGANIC CLAYS C7 HIGH PLASTICITY, FAT CLAYS.
= £ oo« S-oEE
- OH ORGAN'C CLAYS CF MEDILM TD "534 OLASTIZITY.
HIGHLY DRSANIC SOILS PT SEAT, MUCK AND OTHER HIGHLY ORGAMIC SOILS.
*BASZ0 ON THE MATCRIAL PASSING DEFINITION OF TERMS
THE 3-IN. (75-MM) SIEVE. GRAIN SI1ZES - «
U.S, STANDARD SERIES SIEVES CLEAR SQUARZ SIEVE OPENINGS
200 50 16 4 3/4 3" 12"
- ~
R R SAND GRAVEL COBBLES 3DULIERS
PLASTICITY FINE T meprum ] COARST FINE | CEARSE
MOISTURE COMDITIQN {INCREASING MOISTURE —m0—1 I SANDS & GRAVELS
GRY SLIGHTLY Janp DANP ROIST VERY MOIST WET (SATURATED) RELATIVE DENSITY BLOWS/FOOTY
PLY (LL)
SAMPLE NUMBER COLUMN WODE COLUMN REMARKS COLUMN P VERY LOOSE 0-4
TYPE OF SANPLE COM- HETHOD OF ADVANCING NUWBER OF BLOWS REQUIRED Loose 4-10
TAINER: HOLE: /| R T0 ORIVE SAMPLER IS
ORILL - SHOWN FOR EACH Q.51 ag MEOTUM DENSE 10-30
o PENETRATION AS FOLLOWS®
BAG .............. - B HOLLOW Sree 8H | 17722728 FOR A TOTAL OF BENS: 30-59
1R i SPIN AUGER ......... SA 1.9 FEET: N =51 BLOW .
................ ROTARY BRILL - o ooor RD ?UgN;gﬁUHMED FOR LAST VERY DENSE DVER 50
SHELBY TUBE ........ S CABLE TOOL ..ovvvvnns cT . .
RECOVERY RATIO INDICATED
LINER (TUBE) ....... L SAMPLER BY A FRAGTION: . CLAYS & SILTS
YRAPPED CORE ....... W DRINE §3TD. PENSTRO- o | 1.2 _ soovace mecovemes | CONSISTENGY |BLOWS/FOOT®] STRENGTH®
BOX weretirnrnann s, X PITCHER SARREL ... . EB 1.9 FOOTAGE SAHPLED VERY SOFT 0-2 0-%
) crriensccnianas 2o p)
PITCHER TUBE «uveass P3 PUSH . . P TER}."[IENATED HOLE: SUFFI- :?:; o8 N f
GIENT INFORMATION OB- - 3=
PISTON  or veinninn 3
STON TAINED. STIFF 8-16 1-2
VERY STIFZ 16-37 2-¢
H4RD OVER 32 OVER 4

* NUMBER OF BLOWS OF §40 POUNOG WAMMER FALLING 30 INCHES TO ORIVE A 2-INCH 0-0. (1-3/8 [NCH 1-0.)
SPLIT SPODN(STANDARD PENETROMETER).
@5 ypCONFIMED COMPRESSIWE STRENGTH N TONS/20. FT.
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FIELD PERMEAMETER TEST RESULTS

TEST HOLE NO.: FP-1A
LOCATION: Left abutment remmant, Dam No. 3.
HOLE DIAMETER: 4"

TESTED INTERVAL: 10.0 to 20.0 feet

DATE OF TEST: May 12, 1972
TIME - WATER VOLUME WATER TEMPERATURE
CLOCK ACCUM. ACCUM. FLOW
{hrs) (min) (gal) {degrees C)
955 0 0 -
1115 80 48.0 15
1133 . - i
1255 168 92.8 17
1305 - - -
1405 228 126.8 19
1421 - - R
1521 288 161.6 18
1536 - - -
1636 348 198.6 17
1648 - - -
1718 378 216.0 16

Coefficient of permeability from nomograph:
= -4
KQOOC 250 ft/yr or 2.42 x 10 *cm/sec

ol
0y
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TEST HOLZ NO.:

LOCATION:

LUOLE DIAMETER:

TESTED IXTERVAL:

DATE OF TEST:

FIELD PERIEAMETER TEST RESULTS

FP-2A

Left abutment remmant, Dam No. 3.
6"

Not Tun

May 15, 1972

Notes: ilcle was set up drilled to 40 feet, pravel ¢ 20-40, casing @ 0-20, It
was abandoned when initial results indicated the interval gravelled was

teo large for practical testing of a 6" hole.

The hole took 6.1 gpm for

approximatelvy 1 hr. with the water level stadilized at the top of the

nravel.

W.A. WAHLER
& ASSOCIATES

The water did not risc into the casing.
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FLELD PERMEAMEIER TEST RESULIS

TEST HOLE NO.: FP-30
LOCATION! Left abutment, Dam No. 3. :
3

HOLE DIAMETER: 6" <

H
H
1
3
H
r

TESTED INTERVAL: 3.6 to 10.5 feet

DATE OF TEST: May 24-25, 1972

The results ror two consccutive days of testing were inconsiscenc.

Lole was
abandoned and data net processed.

N

()
<
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TEST HOLE WO.:
LOCATIOXN:

HOLE DIAMETER:
TESTED INTERVAL:

DATE OF TEST:

Remarks: Could not establish a water level in the casing.

FIELD PERMEAMETER TEST RESULTS

FP-44A

Dam No. 3, lefr abutment ramnant,
4u

19.6 to 25.0 feet

May 31, 1972

Hole tock &4 gal/minute

from the supply hose for approximately 1/2 hour before efforts to
establish water level in casing were abandoned.

W.A. WAHLER
& ASSOCIATES
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FIELD PERMEAMETER TEST RESULTS

TEST HOLE NO.: FP=-5A

LOCATION: Lefr abutment remmant, Dam No., 3.
HOLE DIAMETER: 4"

TESTED INTERVAL: 30.0 to 35.5 feet

DATE OF TEST: June 2, 1972

Remarks: Could not establish and maintain 2 water level just abocve the gravel
top at 30.0 feet depth. Weight of flnat chain too hignj; when
additional counterweights were added to the valve, it would not
properly function while carrying the extra weight.

Hole abandoned in favor of additional shallow holes.

wn
)

0700 NOVEMBER 1972
W.A. WAHLER
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FIELD PERMEAMETER TEST RESULTS

N TEST HOLE NO.: FpP-6A

LOCATION: ’ Left abutment remnant, Dam Yo. 3.
HOLE DIAMETER: 4"

TESTED INTERVAL: 10.0 to 15.0 feet

DATE OF TEST: July 17, 1972

Remarks: 900 gallons of water placed in hole in 45 minutes.

Yater level maintained at 6" above top of gravel during pouring -

no
sign of stabilizing.

W A WAHLER 0790 NOVEMBER 1972
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FLELD PEREAMETER TEST RESULTS

TEST HOLE NO.: FP-7A
LOCATION: Left abutment remnant, Dam lo. 3,
HCLE DIAMETER: L

TESTED INIERVAL: 7.5 to 15.0 feet

jeas c ot

DATE OF TEST: July 18, 1972
TIME WATER VOLUME WATER TEMPERATURE
CLOCK ACCUM, ACCUM. FLOW
(hrs) (min) (gal) (degrees )
902 0 0 25
917 L5 8.0 25
932 30 17.0 25
947 45 26.5 25
1002 &0 35.0 25
1037 95 52.5 26
1107 125 70.0 27
1211 189 105.5 23
1333 27% 141.0 29
1520 378 169.0 30
1627 445 196.0 29

Coefficient of permeability from nomograph:

_ -4
Koo ¢ = 225 ft/yr or 2.17 x 10 cm/secr

W.2. WAHLER
& ASSOCIATES
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FIELD PERMEAMETER TEST RESULTS

TEST HOLE NO.: FP-7A (continued)
LOCATION: Left abutment remnant, Dam No. 3.
HOLE DIAMETER: 4"

TESTED INTERVAL: 7.5 to 15.0 feet

Cewe

T Y

i

DATE OF TEST: July 20, 1972
TIME WATER VOLUME WATER TEMFPERATURE
CLOCK ACCUM, ACCUM, FLOW
(hrs) (min) (gal) ! (degrees C)
842 0 0 24
942 60 19.5 25
1042 120 38.5 26
1148 186 37.0 26
1300 258 79.0 29
1406 324 97.0 27
1506 384 115.0 29
1613 451 132.5 29
1845 483 142.0 29

WA WAHLER
& ASSOCIATES

Coefficient of permeability from nomograph:

Koo ¢ =

185 fr/yr or 1.79 x 107% cm/sec

0700
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FIELD PERMEAMETER TEST nESULTS
- TEST HOLE NO.: FP-8a
LOCATION: Left abutment remnant, Dam No. 3.
HOLE DIAMETER: 4"
— TESTED INTERVAL: 9.1 ro 15.2 feet
DATE OF TEST: July 21, 1972
- TIME WATER VOLIME WATER TEMPERATURE
)l CLOCK ACCUM, ACCIM. FLOW
(hrs) (nia) (gal) (degrees C)
1055 0 0 28
1110 15 3.5 28
1125 20 5.5 28
1140 45 8.0 28
1155 60 10.5 29
. 1255 120 20.0 30
” 1355 180 30.5 30
1455 240 40.5 31
Coefficient of permeability from momogzant:
Koo ¢ = 140 ft/yr or 1.35 x 104 cm/sec
,
s £6
W.A WARLER 0700 NOVEMBER 1972
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N TEST HOLE

LOCATIOS:

FLIELD PeRIEAETER TEST RESULTS

0. FP~94

Left abutment remnant, Dam lio. 3.

HOLE DIAMETLER: Lm

TESTED LUTERVAL: 1.2 to 4.9 feet

DATE OF TEST: July 20-27, 1972

Remarks:

WA WARLER
& ASSOCIATES

Water s2ep abserved in hillside 13" from hole. Elevation eof seep is
2,5" below top of water in hole. Amount of flew was aboutr the same
as flow into hecle. e test was cerminated.

Travel time test: The obvicus channel-type flow above nezated any
atrerpt te run the usual test, but provided am opportunity for a

crude travel time test performed on July 27, 1972. Flow te the seep
was re—-established and a head of 2.45 feet was maintained. ted dyc

was added ro the test hole and the seep was observed for its appearance.
Water temperature was 70°F; horizontal distance from the hole to the
seep was 13 feet, The first traces of red dye appeared at the seep
14,5 minutes after it was put in the hole; a stronger color aspeared
16.0 minutes after the dye was put in the hole, and very strong coler
appeared at the seep 17.0 ninutes after the dye was put in the hole.

'
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TEST HOLE NO,:

LOCATION:

HOLE DIAMETER:

TESTED INTIERVAL:

DATE OF TEST:

CLOCK
(hrs)
926
1026
1126
1226
1326
1426
1526
1626

TIME

ACCUM,
{(min)

0
60
120
180
240
300
360
420

80C (7/26) 1354

W.A. WAHLER
& ASSOCIATES

—a s

FIELD PEPMEAMETER TEST RESULIS

FP-10A

left abutment remmant, Dam No. 3.
al!

0.9 to 4.5 feet

July 25 and 26, 1972

WATER VOLUME
ACCUM. FLOW
(gal)

ol
1.4
2.5
3.7
5.3
6.6
8.0
9.4
29.7

Coefficient of permeability from nomograph:

K0%¢

= 48 ft/yr or 4.64 x 1072 cm/sec

0700

WATER TEMPERATURE

(degrees C)

25
25
26
27
27
27
28
28
21

NOVEMBER 1972
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TEST HOLE NO.:

LOCATION:

HOLE DIAMETER:

TESTED INTIERVAL:

DATE OF TEST:

TIME

CLOCK
(hrs)

855

955
1055
1155
1255
1355
1455
1555
1655

ACCUM.
(min)

0
60
120
180
240
300
360
420
480

805 (7/25) 1390

FIELD PERIMEAMETER TEST RESULTS

FP-11aA

Left aburment rermnant, Dam No. 3.
4"

0.7 to 4.0 feet

July 24 and 25, 1972’

WATER VOLUME
ACCUM. FLOW

(gal)
0
1.4
2.6
3.5
4.7
6.1
7.4
8.7

10.1
30.4

Coefficient of permeability from nomograph:

K2O° ¢ 50 ft/yr or 4.83 x 1075 cafsec

W.A. WAHLER
& ASSOCIATES

0700

WATER TEMPERATURE

(degrees ()

27
27
27
28
29
30
30
31
32
25

&5
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FIELD PERMEAMETER TEST RESULTS

TEST HOLE NO,: FP=124A

LOCATION: Left abutment remnant, Dam No., 3, |
HOLE DIAMETER: 4" ) ‘
TESTED INTERVAL: 3.8 to 6.8 fect ;

DATE OF TEST: July 27, 1972

Remarks: Water drained from hole as fast as barrel would empty for 324 gallons,

Could not establish a water level in the casing.

{3
)

0730 NOVEMBER 1972
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FLELD PERIEAMETIER TEST RESULTS

FP-13A

Left abutment remmant, Dam No. 3.
all‘

1.3 to 4.9 feet

July 28, 1972

WATER VOLUME
ACCUM, FLOW
(gal)

)

4.2
8.1
12.0
15:8
,19.5
23.2
26.9
30.6
4.3
38.0

COEFEICIENT OF PERMEABILITY FROM NOMOGRAPH:

TEST HOLE NO. :

LOCATION:
HOLE DIAMETER:

~ TESTED INTERVAL:
DATE OF TEST:

_ TIME

7 CLOCK ACCUM.
(hrs) (min)
1145 0
1215 30

S 1215 60
1315 90
1345 120
1415 150

4 1445 180
1515 210
1545 240
1615 270

L 1645 300

1 K00 ¢

»

»

Lo W.A. WAHLER
& ASSOCIATES

= 295 fr/yr or 2.85 x 10™% cx/scc
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WATER TEMPERATURE

(degrees C)

21
21
21
22
22
22
22
22
22
22
22

NOVEMBER
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TEST HOLE NO.:

LOCATION:

HOLE DIAMETER:

TESTED INTERVAL:

DATE OF TEST:

CLOCK
(hrs)
903
518
1003
1033
1133
1233
1340

1540

WA WARLER
& ASSOCIATES

TIME
ACCUM.
(min)

15
60
20
120
180
287
307
367

FIELD PERMEAMETER TEST RESULTS

FP-144A

Left abutment remmant, Dam No, 3.
4"
0.7 to 4.2 feetr

July 31, 1972

WATER VOLUME
ACCUM. FLOW
(gal)

0
2.4
9.3
4.2
24.1
34.1
44.2
54,2
64.1

Coefficient of permeability from nomograph:

K00 T

430 fr/yr or 4.15 x 107" cm/sec

0700

WATER TEMFERATURE

(degrees C)

19
19
19
19
19
20
20
20
21

NOVEMBER 1972
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APPENDIX B

LABORATORY INVESTIGATION

A GENERAL
b
This Appendix includes a discussion of test procedures and actuzl test

results for the laboratory investigation performed by W. A. Wahler

and Associates on the various embankment and foundation materials

for use in the engineering evaluation of the failure of the coal waste

dams near Saundcrs, West Virginia.

The purpose of this investigation was to study the scil engineering

characteristics of the various materials in order to determine the

in-place soil engineering paraumeters necessary for use in these

analyses. To this end, the laboratory testing was conducted employing

currently accepted test procedures of the American Socciety of Testing
and Materials (ASTM).

Various bulk and undisturbed samples used in the laboratory investi-
gation were obtrained during the course of the field investigation

as discussed in Appendix A of this report. Then, afrter reviewing the

drill hole logs, varicus undisturbed foundation and embanknent samples,
contained in 3-inch diameter Shelby tubes, were selected to remain in
Logan, West Virginia for testing in our portable laboratory. The
remainder of the undisturbed samples, including all 4—inch diameter
Sﬁélby—type tubes and the large (50-1b.) bulk samples, were transported

to our laboratory in Palo Alto for more extensive exXamination and testing.

Laboratory testing completed in Logan, West Virginia consisted of 22
triaxial tests, 13 water contents and dry densities, and 8 permeability

determinations in conjunction with triaxial tests. ALl other tests

WAWAHLER B-1
& ASSOCIATES
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reported herein were completed at our main laboratory in Palo Alto,
California. All of the various laboratory tests performed during the
course of this investigation are described below. Identification of
each sample is by hole number and depth or by field densicy (FD)}
number if the sample was cbtained by means other than rotary drilling.
Additiomally, a special series of triaxial tests was performed on
samples, typical of Dam No. 3 embankment, and materials fabricated in

the laboratory. These samples are referenced as Sample A-l.

B. INDEX PROPERTIES TESTING

In the field of so0il mechanies and earth dam design, it is advantageous
to have a standard method of identifying soils and classifying them
into categories or groups that have similar or distinct engineering
properties. The most commonly used method at present is the Unified
Soils Classification System (USCS) as described by ASTM D2487-69T.

The USCS is based on a recognition of the various types and significant
distribution of soil constituents, considering individual grain-size,

magnitude and type of gradation characteristics, amd plasticity of
materials.

The index properties tests presented in this report included the deter-
mination of natural water content and in—place dry density, specific
gravity and absorption, Atterberg Limits and grain-size distribution

fer both the embankment and foundation materials.

1. Natural Water Content and Drv Density

Natural water content and in-place dry density data were determined in
the laboratory on extruded 3-inch diameter Shelby tube samples used
fer triaxial testing. Moisture content and density data were also deter-

mined on additional samples for correlation. Each sample was trimmed

WA WAHLER B2
& ASSOCIATES
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to cbtain a smooth, square face and then accurately measured to obtain
volume and wet weight before drying for a period of approximately

48 hours in an oven maintained at a tewperature of 110°F. The 110°F
temperature, which deviates from the specified 210°F in ASTM, was

necessary to prevent spontancous combustion of the coal waste material

and was determined by trial and error methods.

The results of the natural water content and dry density testing are

presented on Figure B-1 and also with the individual triaxial results.

2. Grain-Size Distribution

The gradation characteristics of selected samples of a2mbankment and
foundation materials were determined in accordance with ASTM designa-

tion D422-63 and D1140-54, except as modified below. Representative

samples were quartered and/or prepared in accordance with ASTM designa=-

tion D421-58. The samples were scaked in water until individual soil

particles were separated, and then washed on a #200 mesh sieve. That
portion of the material rectained on the #200 mesh sieve was oven—dried

and then mechanically sieved. A hydrometer amalysis was performed

using a constant temperature hydrometer bath, for those samples with
more than approximately 30 percent passing the #200 mesh sieve. Sodium
hexameraphosphate was used as a dispersing agent. The grain-size

distribution test for samples tested are presented on Figure B-2,
sheets 1 through 25.

3. Atterberg Limice

The liquid and plastic limits for selected samples were determined in
accordance with ASTM designation D423 and D424. Results of the
Atterberg Limits are presented on Figure B-3, sheets 1 through 3.
Results of the Atterberg Limits have also been presented on the
Gradation and Compaction Sheets and on the triaxial test result sheets,

where appropriate, to aid in interpretation of such results.

e
1
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4. Specific Gravity

Specific Gravity determinatipn§ were made primarily on samples used
for compaction or triaxial testgng in accordance with ASTM designation
D854-58. In addition, bulk Specific Gravity determinations were cop—
ducted on the Field Density samples containing aa substantial amount
of plus 3/4-inch size material, using ASTM Method Cl27. One bulk
Specifie Gravity was also conducted on the combined sample A-1l, used
for lab-fabricated 4.0-inch triaxial testing. The specific gravity
test results are presented on Figure B-4, sheets 1 and 2, and also on

the individual triaxial, gradation and compaction test results.

C. ENGINEERING PROPERTIES TESTING

The engineering properties testing constitured a significant portion
of time and budget for the laboratory testing phase of the failure
investigation. The engineering properties tests presented in this

report include compaction, triaxial shear, and permeability tests.

1. Compaction Tests

Compaction tests were performed to datermine the moisture-density

relacionships of the materials. The tests were performed using a

Howard mechanical compactor in accordance with ASTM designation D1557-70,
modified to yield a compactive emergy of 20,000 foot-pounds per cubic
footr (Ft—lb/ft3) by reducing the number of lavers to 3 and the number of

blows per layer of a 10-1b. hammer tao 15. For the coarse-grained

materials, it was necessary to scalp the total sample on the 3/4-inch
sieve prior to performing the compaction tests. Compaction test results,
together with gradation characteristics of the marerials tested are

presented on Figure B-5, sheets 1 through 13.

WA WAHLER B4
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E 2. Static Triaxial Shear

The triaxial shear testing program was planned to determine the shear
strengrh parameters of both the coarse waste and sludge constituents
of the embankment and foundation materials. The program was detailed
in scope and consisted of testing undisturbed 3-inch diameter Shelby

tube samples and 4.0-inch diameter laboratory-fabricated samples.

Qur main laboratory is equipped with a panel of 6 bays, with individual
pressure contrel ro each bay, such that the 6 rriaxial samples can
simultanecusly be saturated and/or consalidated at different individual
pressures. The portable laboratory trailer contains 3 bays for 3
individual samples. Other than this ninor difference, the two lzbora-

N tories possess the same triaxial testing capabilities. Blceding air

e

3 regulators capable of delivering air pressure up to 200 psi are used to
control the top, bottom, znd chamber lines leading to the triaxial
cells. Each saturation bay is also equipped with constant diamerer

Pyrex sight tubes, each with a cross sectrional area of 0.0767 square

-
<5

inches, which connect with the base of the triaxial cell, and thus to
the sample. The sight tubes are easily read to the nearest 0.1 inch,
which indicates an accuracy of volume change readings of better than

0.01 cubic inch. An overall view of the triaxial saturatiom bay,

: triaxial eell and strain centrol testing machine is shown in Photoplate
: B-1.

; Qs Undisturbed Samples — The undisturbed Shelby tube samples selected

for testing either in Logan or Palo Alto were extruded using a hydrau-
lically operated ram capable of exerting the minimum force necessary
to free the sample from the Shelby tube. With the aid of a special

trimreing device which completely supported the sample, the possibility

*

of sample disturbance due to handling was significantly reduced. The .
results of the undisturbed triaxial test results are on Flgure B-6,

sheets 1 through 15.
e
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TRIAX1AL SATURATION BAY, STRAIN CONTROLLED 20,000 LB LOADING MACH!NE AND STRAIN INDICATOR
FOR ELECTRIC READOUT OF LOAD AND PORE PRESSURE. {NOTE THE INDIVIDUAL PRESSURE AND VOQL-
UME CONTROL FOR THE TOP, BOTTOM, ANU CHAMBER LINES OF EALH CELL.)

EETS
5
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b. Fabricated Samples — Due to the large grain size of some of the

embankment materials, it was necessary to conduct z series of laboratory-
fabricated 4.0-inch diameter triaxial tests. An extensive study was
performed to obtain an average gradation, dry density and water content
from all of the field and laboratory data. These averages were used

as the guide for fabricating samples.

The set-up gradation for the triaxial samples simulated that of the
total average grzdation except for the exclusion of plus l-inch
material, the weight of which was compensated for by inclusion of 3/4
to l-inch material so that the percent passing the 3/4-inch sieve was
identical to the average total gradation (Figure B-2, sheer 15). This
was done so that no more than a 1 to 4 ratio would exist between

maximum particle size and diameter of sample.

The sample was then moisture—conditioned te the predetermined avarage
moisture content and allowed to cure for approximately 24 hours. The
fabrication of samples was performed in a 4-inch diameter mold with

a height-to-diameter ratio of 2.1 to 1, using the rounded end of a
1/2-inch diameter shaft which was routed into the sample umtil a given
weight of soil occupied 2 known volume. The sample was compacted in five
equal layers with care being taken to scarify each compacted surface

in order to preclude preferential bonding or laminae developing between
layers. These specimens were compacted to the predetermirned average
dry density cbtained as explained previcusly and were designated

Sample A-1. The results of these lzborarory fabricated triaxial tests
are presented on Figure B-6, sheets 14 and 15. Photographs depicting

various stages of the sample fabrication process are shown in Photoplate
B-2.

C. Sample Saturation and Consclidarion ~ After fabrication or trimming
and initial weighr and volume measurements were completed, the samples

for triaxial testing were placed in the triaxial cell, encased in a

P B i T . R L . e
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STAGE ].==SAMPLE 1S FABRICATED BY
g KNEADING COMPACTION INTO 7.8

' or 4.0'" DIAMETER MOLD USING FIVE
EQUAL LAYERS.

-~ (i?ii3;1 ikl
STAGE 3. —SAMPLE 15 MDUNTED ON
PEDESTAL OF TRIAXIAL CELL. FILTER
STRIPS MAY BE REQUIRED TQ SPEED

UP CONSOLIDATION TIME DF IMPER-
VIOUS SOILS.

WA WARLER
: & ASSOCIATES

STAGE 2.—REMDYAL OF MOLD AFTER
COMPLETING SAMPLE FABRICATIDON.
UVERCOMPACTED ZONES ARE PRE-
VENTED BY SCARIFYING EACH COM-
PACTED LAYER.

o

STagE 4.—SAMPLE IS ENCASED IN A
RUBBER MEMBRANE AND SECURED TO
BOTTOM PEDESTAL AND TOP CAP
with 0" RiINGS. DRAINAGE LINES
LEAD FROM TQOP AND BOTTOM OF
SAMPLE TO EXTERNAL CELL CONNEC-
TIDNS.

-0
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rubber membrare and sealed to the bottom pedestal and topcap with
rubber 0" rings. After securing the triaxial chamber, the cell was
filled with water, fitted with a l-inch diameter stainless steel piston
for load application, and transported to the saturacion bay. A back
pressure of 50 psi was necessary to obtain a sufficient degree of
saturation prior to the consolidation phase of the test. In order to
determine whether the back pressure applied was causing complete
saturation, Skempton's '"B" parameter was measured for all samples. A
value in excess of 0.95 was considered to represent a fully saturated
condition. After achiewving complete safuration, the samples were
either consolidated isotropically or anisotropically, or failed un-

consolidated.

1. I.C.U. Tests - For those samples consolidated isotropically,
the chamber pressure was increased t.. a value in excess of the back
pressure by an amount equal to the designated consolidation pressure,
the rtop and bottom drainage lines werc simultaneously opened, and the-
roral volume of water expelled from the samples was monitored as a
function of time. 1In some cases, strips of filrer paper, placed along
the sides of the specimen during set—up, ‘were used to accelerate the
consolidation process. Qace consolidation was complete, the samples
were failed in an undrained condition with pore pressure, axial load
and sample strain monitored as described in {(4d) below. The results

for the TI.C.U. triaxial shear testing appear on Figure B-6, sheets 1
through 5 and 8 through 14.

2. K, = Tests - The Ko-anisotropic consolidation was performed
in a2 drained condition using strain contreol techniques. The Ko—value
is an at-rest pressure coefficient defined by the rario of minor
principal effective stress to major principal effective stress. After
achieving complete saturation, the samples were consolidated in a
drained condition at a sufficiently slow rate of strain to preclude the

build-up of pore pressure. During progress of the test. the veoluxe

WA WARLER &7
& ASSOCATES

o am meer et - N e P - - .o



Ia ——— .
- . . e e et e —————— o e
i .

L2

change was continuously monitored and the chamber pressure increased
incrementally as necessary in order to cause the sample volume change
{ to equal the product of the axial deformation times the initial cross
sectional area. Once the desired lateral confining pressure (03) was
achieved, the top and bottom drainage lines were closed and the sample
was failed in an undrained condition. Results for the Kb consolidation

and triaxial shear tests appear cn Figure B-6, sheet 6 and 15.

3. U.U. Tests - The samples tested under unconsolidated—undrained
conditions were not comsclidated prior to failure. The samples were
; failed undrained with pore pressure, axial load and sample strain
7 monitored as described in (d) below. Results for the unconsolidated-

undrained triaxial tests appear om Figure B-6, sheet 7.

A

d. Sample Failure - All triaxial specimens were failed by compression

loading at a constant rate of strain while maintaining a constant miner
* principal stress. The rate of strain selected for sample failure was
dependent upon the materials consolidatrion characterisries. The failure
machines used both in Pale Alte and in Logan were geared to fail the
undisturbed samples at approximately 4 percent of axial strain per

kour. The rate of strain for the taller, fabricated.samples varied

slightly. The actual rate of strain for each test is presented on each
-

individual data sheet. The axial load and pore pressure readings were
. obtained during the test at specified axial deformations using a BLH
: load cell (0-2,000 1bs.) and a Stathom pore pressure transducer (0-200

i . psi gauge). The adopted failure criterion used for the presentation

-

Lt

of the Mohr circle of stress for mcst triaxial tests was the point of
maximum principal effective stress ratio, except for the unconseclidated
tests, in which 10 percent strain was used. The point of failure was

developed at various strain rates, depending upon material type, method

A4

of consolidation and confining pressure.

i
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3. Permeabilicy Tests

Permeability coefficients for selected samples were determined in
conjunction with triaxial shear tests by applying a constant head
hydraulic gradient to the sample and monitoring the flow of water
from bottom to top of sample through the sight tubes. Samples

were tested for permeability at initial setup densities or afrer
consolidation. In some cases, the same sample was tested at two or
three different densities. Permeability test results are presented

on Figure B-7/.

a. Special Fabricated Piping Test - An undisturbed Shelby tube of

sludge material from Hole 5 at 65 feet was extruded and observed.

The coarser SM material in the tube was then separated from the finer
ML material (Figure B~2, sheet 6). The coarser material was cthen
compacted into a 4-inch diameter clear lucite tube to the approximate
average dry densicy (51 pecf) of rhe sludge macterial. The sample was
then saturated by allowing it free access to water at the botteom of
the sample. A slight head was then established so that water wculd
{low from bottom te top. When the applied gradient (head loss divided
by sample length) exceeded 0.25, the sample begem to rise in the tube
and the migration of material, through a system of branching "pipes,”
was clearly visible. The "pipes' continued to enlarge smd the moving
material had the appearance of boiling.. The conditiom of piping
described above physically substantiated the theoretical critical

gradient of 0.26 as discussed in Chapter VII of this report.
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IN-SITU WATER

FIGURE B-1

SURMARY
OF

CONTENT AND DRY UNIT WEIGHTS

HOLE SAMPLE NEPTH MATERIAL wATE CONTENT Ry WEIGHT
NO NO (e} TYPE €3] (pct)
2 $—4 23.0-25.0 EMBANKMENT, DAM KOD. 3 1.3 80.3
2 $—4 23.0-25.0 EMB ANKMENT , DAM HO. 3 4.2 80.5
2 $=di 23.0-75.0 EMBANKMENT, DAM KO. 3 5.9 77.4
3 §=5 25.0-27.0 EMBANKMENT, DAM NO. 3 8.7 75.9
4 §~2 10.0-12.0 ENBANKMENT, DAM NO. 2 . 8.7 83.7
& S-6 30.0=32.0 EMBANXMENT, OAM KO. 2 8.2 108.5
4 S-7 35.0-37.0 EMBANKMENT, DAH NO. 2 10.3 84.2
4 §-1 35.0-37.0 EMBANKMENT, DAM NO, 2 8.5 93.7
] §-12 68.0-70.0 FOUNDATION, POOL 1 SLUDGE 42.9 43.0
4 5-12 68.0~70.0 FOUNDATION, POOL | SLUDGE 26.4 471.1
4 5-12 68.0-70.0 FOUNDATION, POOL 1 SLUDGE B4.8 47.8
4 513 70.0-72.0 FOUNDAT 04, POOL ! SLUDGE 49.2 51.1
] 513 70.0-72.0 FOUNDATION, POOL 1 SLUDGE 30,1 49.8
] §-13 70.0-72.0 FOUNOATION, POOL 1 SLUBGE 38.2 58.7
2 PST-5 75.0-77.0 FOUNDATION, POOL | SLUDGE 38.3 55.6
4 PST=5 75.0-77.0 FOUNDATION, POOL 1 SLUDGE 44.9 82.4
5 55 65. 0-67.0 FOUNDATION, POOL ! SLUDGE 57.1
5 -5 65.0-67.0 TOUNDATION, POOL ! SLUDGE 45.3
5 §-7 75.0-77.0 FOUMDATION, POOL | SLUDGE 516 72.0
? S-1 10.0-12.0 EMBANKMENT, DAM NO. 3 11.6 86.7
7 5= 20.0-22.0 EMBANKMENT, DAM ND. 3 14.9 87.7
7 5-2 20.0-22.0 EMBANKMENT. DAM KO. 3 14.5 85.9
7 $-2 20.0-22.0 EMBANKMENT, DAM NO. 3 14.0 90.3
7 §-3 30.0-32.0 FOUNDATION, PORL 2 SLUDGE 47.5 48.3
7 St 40.0-42.9 FOUNDATION, POOL 2 SLUOGE 46.5 48.5
7 5-§ 50,0-52.0 FOUNDATI10N, POOL 2 SLUDGE 0.7 55.8
7 5 50.0-52.0 FOUNDATION, POOL 2 SLUOGE 35.2 54.9
; PST-1 52.0-53.6 FOUNGATION, POAL 2 SLUDGE 37.3 56.5
7 PST-| 52.0-53.5 FOUNGATION, POOL 2 SLUOGE 40.8 53.3
7 5~7 71,1=73.5 FOUNDATION, POOL 1 SLUDGE 38.1 65.0
7 57 71.1=78.5 FOUNDATION. POOL 1 SLUDGE 46.R 48.5
8 $=2 20.0-22.0 EMBANKMENT, DAM X0. 3 13.6 §2.0
g PST-2 55.0-37.0 FOUNDATION, POOL 2 SLUDGE 41.2 483
9 §-2 20.0=22.0 ENBANKMENT, DAM NO. 3 9.4 8.6
g S=d 35.0-37.0 FOUNDATION, POOL 2 SLUDGE 38.9 54.7
g §5-1 45.0~48.0 FOUNGATION, PGOL 2 SLUDGE 41.9 49.8
g $5-24 55.0-57.0 FOUNOATIGN, POOL 2 SLUDGE 42.5 54,1
9 8524 55.0-57.0 FOUNBATION, POOL 2 SLUDGE 67.7 48.5
9 S3-24 55.0-57.0 FOUNDATION, POOL 2 SLUDGE 38.7 47.4
| §5-28 57.0-59.0 FOUNDATION, PDOL 2 SLUBGE 40.6 55.8
9 $§-28 §7.0-58.0 FOUNOATION, POOL Z SLUBGE 41.2 52.2
- c} 'g
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FIGURE B-1 —CONTINUED iy
1%
SUMM ARY i®
OF 3
IN-SITU WATER CONTENT AND DRY UNIT WEIGHTS §
i
HOLE SAMPLE DEPTH MATER{ AL WATER CONTENTj DRY WEIGHT J ;
NO. NO. (1) TYPE ) tpef) 48
10 $-g §0.7~62.7 MIXED EMBANKMENT AND SLUDGE 18.4 71.8
10 $-0 60.7-62.7 MIXED EMBANKMENT AND SLUDGE i5.9 85.0
i §-8 B0.7~52.7 MIXED EMBANKMENT AND SLUDGE 10.7 105.0
10 5-13 77.0-78.5 FOUNDATION, POOL 1 SLUDGE 35.3 §7.5 3
19 =14 £0.0-81.6 FOUNDATION, POOL 1 SLUDGE 34.7 54.5 :
19 5=14 80.0-01.5 FOUNDATI0N, POOL | SLUDGE als 59.5 z
1 §=! 10.0-12.0 DISTURBED EMBANKMENT 13.8 17.8
1 PST~! 35.0-37.0 EMBANKMENT, DAM NO. 3 12.0 103.4 3
1 PST-1 35.0-37.0 EMBANKMENT, DAM NO. 3 10.5 104.5
1 PST-1 35.0-27.0 EMBANKMENT, DAM ND. 3 17.8 90.5 H
1 $8-38 89.0-87.10 FOUNDATION, POOL 1 SLUOGE 3.3 56.5 ;
" §5-3A B5.0=87.0 FOUNDATION, POOL ! SLUDGE 45.0 48.4 :
il $5-34 85.0-87.0 FOUNDATION, POOL © SLUDGE 2.0 §5.2 ;
1 $5-38 87.0-89.0 FOUNDATION, PODL 1 SLUDGE 46. 1 50.0 ;
13 51 10.0-12.0 BB PILE, GOARSE COAL WASTE 8.3 8.2 ;
13 $-3 30.0-32.0 GOB PILE. COARSE COAL WASTE 1.1 ai.8 ;
13 $-3 30.0-32.0 GOB PILE, LOARSE COAL WASTE 10.9 87.1 :
13 §=d 40.0-42.0 GOB PILE, COARSE COAL WASTE 8.9 110.2 :
13 34 40.0-42.0 GOB PILE, [DARSE COAL WASTE 10.7 87.7
13 85 50.0-52.0 C0B PILE, COARSE COAL WASTE 15.8 74.4
15 1 35.0-38.0 FOUNDAT{ON, POOL 1 SLUDGE 55.3 48.5
15 82 40.0~42.9 RED DOG, BYRNED COAL WASTE 18.3 86.5
15 §-2 40.0-42.0 RED DOG, BURNED CDAL WASTE 18.2 g1.5 \
20 PB-1 4.7-5.5 ENBANKMENT, OAM NO. 3 8.7 82.4
20 PB-1 4.7-8.5 ENBANKMENT, 0AM NO, 2 12.2 58.8 :
20 PB4 11.5-14.9 EMBANKMENT, DAM NO. 3 18.3 B3.1 :
2 PR~ 11.5-14.0 ENBANKMENT. DAM NO. 3 10.4 B4.8
FP-04 S 1.8-3.9 ENBANKMENT, 0AM NO. 3 9.0 88.9
FP-04 51 1.9-3.8 ENBANKMENT, DAN NO. 3 7.8 87.7
FP-10A $-2 3.5~4.5 EMBANKMENT, DAM NO. 3 8.5 83.9
FP-114 S 1.2-3.1 ENBANKMENT, DAM NO, 3 8.4 101.4 :
FP-t1A 1 1.2=3.1 ENBANKMENT, DA ND. 3 8.1 94.3 !
FP-128 Sl 4.8-5.8 EMBANKMENT, DAM ND. 3 0.1 87.% 1
FP-144 52 3.54.5 ENBANKMENT, DAM NO, 3 5.6 105.3
305 i
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5 NUNSER {fent) W (%) %) %) (% (=5 SYMBOL
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L] FD-12 1.0 6.8 21 27 6 SN
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FIGURE B-4 -
SUNMARY
OF 7
SPECIF!C GRAYITY TEST RESULTS
MINUS NO. ¢ | PLUS 349 !
HOLE SAMPLE DEPTH NATERIAL SPECIFi L SPECIFLIC ‘
ne. ND. (v ’ . TYPE GRAVITY GRAVITY 2
2 St 23.0=25.0 EMBANKMENT, DAM NO. 3 1.70
4 S-6 30.0=32.0 ENBANKMENT, DAM NO. 2 2.32 -—-
4 7 35.0~37.0 EMBANKMENT, DAM NO. 2 1.87 — -
4 512 B6. 0=70.0 FOUNDATIOK, PODL 1 SLUDGE .97 S— s
4 §-13 70.0-72.0 FOUNOATION, POOL 1 SLUDGE 1.40 .
4 PST-§ 75.0-77.0 FOUNDATION, POOL i SLUBGE i.45% <
8 PST-5 75.0~77.0 FOUNDATION, POOL 1 SLUDGE 1.90F
5 5-5 55.0~67.0 FBUNDATION, FOOL 1 SLUDBE 1.39
5 55§ B5.0-67.0 FOUNDATION. POOL 1 SLUDGE 1.37 ——
7 52 20.0~72.0 EMBANKMENT, DAM. ND, 3 1.70 S— :
7 85 50.0~52.0 FOUKDATION, POOL 2 SLUDGE 1.38 t
7 PST-1 55. 0-56. 3 FOUNDATION, PGOL 2 SLUDGE 1.42 - :
7 =7 71.1=73.3 FOUNDAT|ON, POOL 1 SLUBGE 1.42 :
8 PST-2 55.0-57.0 FOUNDATION, POOL 2 SLUDGE 1.34 :
8 5524 55. 0-67.0 FOUNDAT [OK, POOL 2 SLUDGE i.45 ¥
g $$-28 57.0-59.0 FOUNDATION, POOL 2 SLUDGE 1.38 -
10 9 §0.7-52.7 RIXED EMBANKMENT AND SLUDGE 1.52 i
10 §~13 77.0-78.5 FOUNDATION, POOL 1 SLUDGE 1.81% b
10 Se14 80.0-81.6 FOUNDATION, POOL 1 SLUDGE 1L.77* ---- jf
1 $-14 80.0-81.6 FOUNGATION, POOL 1 SLUOGE 1.93% b
T P§T1 35.0-37.0 EMBANKMENT, OAM NO. 3 2.2% i
b $3-34 85.0-87.0 FOUNDATION, POOL | SLUBGE 166 . '
13 83 30.0-32.0 GOB PILE, COARSE COAL WASTE 7.14
FP=10A 52 3.5-4.3 EMBANKMENT. DAM NO. 3 1.68 ---- b
FP-124 - 4.8-5.8 EMBANKNMERT, DAM NO. 3 2.23 - K
FP- 148 ) 3.5-4 5 EMBANKMENT, DAM NO. 3 1.62 ;
Fi-1 8.5 EMBANKMENT, OAM NO. 3 2.3 L
Fo-3 0.5 EMBANKMENT, DAM KO. 3 - 1.75% s
FB— 0.5 EMBANKMENT, TAM NO. 3 1.75 1.68 P
FO-9 1.5 G03 PILE, COARSE COAL WASTE 1.80 2.55 i
FI-10 0.5 DISTURBED POOL 2 SLUDGE 1.38 P
FO=11 0.3 NATURAL SDIL 2.58 2.66
£p-i2 1.0 EMBANKMENT, DAM NO. 1 2.43
Fi-1A 0 FOUNDATION, POOL 4 SLUDGE 1.52 L
FD-3A 1.0 EMBANKMENT, OAM NO. 4 .07 2.35 b
FD-5A 1.0 EMSANKMENT, DAM NO. 3 1.85 2.12 ;
= QUESTIONABILE DATA DUE TO HICH OVEN TEMPERATURE, THMESE DATA WERE NOT INCLUDED 1IN THE i
DETERMINATION OF AYERAGE SPECIFIC GRAYITY. i
WA WAHLER FIGURE B4 i
& ASSOCIATES 4124 Sheet 1 of 2
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FIGURE B-4 — CONTINUED :
- SUMMARY
oF 1
SPECIFIC GRAVITY TEST RESULTS f
.. ) P "
HOLE SAMPLE neRTH MATERIAL Moreeirrt C | hreit
GRAVITY GRAVITY
FD-10A 3.9 ENBANKNENT, DAM NO. 3 2.20 2.06
FD-144 5.0 EMBANKKENT, DAM NO. 3 1 g 2.2
FI-184 35.0 ENBANKMENT. BAM NO. 3 1.32 7.02
FD-234 10.0 EMBANKMENT, DAN NO. 3 .66 .98
FD-24A 22.0 ENBANKMENT, DAM NO. 3 1 85 '_
FD—25 1.0 ENBANKMENT, DAM NO. 3 207 ;
FO-27h 7.0 ENBANKMENT, DAN NO. 3 1.08 2.51 :
FO-284 2.0 EMBANKMENT, DAM NO. 3 .86 2.28
hel COMBINED ENBANKMENT, DAM NO. 3 1.90 1.84
SAMPLE :
:
:
IH
- |:
- 1
- B
|
s E
; B
WA WAHLER 405 FIGURE B4 i
& ASSOCIATES Sheet 2 of 2
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SAMPLE| HOLE | DEPTH specreig C1QUID | PLASTIC | pERCENT PASSING
ND, | NO | LTD) SAMPLE DESCRIPTION GRAVITY L‘;:ET L;:')T vet T oo &
FD~4 0.5 |Dark gray, silty SAND (5M) 1.75 NP 80 65
ZERO AIR
VOIDS CURVE
=
@ g
| LT DA
95 ‘ E I | KE Y
I T A B AN J/
1 1 B 1
S R VAN NN |
= l R _ .‘
* 9o i | ! [ E T S
2 T T PN N T )
= L |/ \ N "
H H []
- I
as | | | | ] . i) !
; i ] | _ I \\
| | l N\,
| N N
I |
g0 [ | |
0 5 10 15 20
MO1STURE CONTENT, %
SANPLE NO Dot
HATURAL WATER CONTENT, % 7.6
OPTIMUM WATER CONTENT. % 11.0
MAXIHUN URY.UENSITV, pect 90.3
ASTH TEST DESIGNATION D~1557-70
COMPACTIVE ENERGY ft.in/ft? 20.000
WA WAYLER CGAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
&' ASSUEIMES Saunders, N. Va. PROJECT mO. DATE JRANING NO.
FALO ALTO .+ NEWPDRT BEACH = CALIF. O?QO_ }my 1972 B_S
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e
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R R i o T T s - $
~ Ltauin PLASTIC PERCENT PASSING
SAMPLE[ WOLE |DEPTH RIPTIO SPECIFIC
ND. NO (i) SANPLE DESCRIPTION GRAVITY L::;r L::I)T " | Mg 4
Fp-9 1.5 | Dark gray, silty SAND (SM) ~~ i1.80 NP 81 65
i ZERD AIR
VO IDS CURYVE
’ Pt =
i N ] A
100 | T N 1A K E Y »
| | | Y% &
AN i 1
| H .
E 3 f A\ : 5
= A‘L ‘[ | p H
s I T ;
z 95 L | e N ! ' 3
E ‘ I ‘1‘\‘| \ ! ;"
| L \ ]
g0 | | | | 3
| | i,
| RN g
X
- T t
85
0 5 10 15 20 i
¥
MOISTURE CONTENT, % 3
SAMPLE NO FD=9 4
HATURAL WATER CONTENT, % 7.6
9PTIMUM WATER CONTENT, % 7.5 : i
1
MAXIMUM DRY DENSITY, pef 95.5 Z
ASTM TEST DESIGNATION D-1557-70 35
COMPACTIVE ENERGY f1.1b/1t) 20900 ¥
.
o WA WAHIEH COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS _.
S8 o ac Saunders, W. Va. PROIECT nO. DATE ORAWING NO. 7
=} & ASSOCIATES PALD ALTO - NECWPDAT BEAGH < CALIF. 0700 MAY 1973 -5
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spm T T

T

SAMPLE| HOLE | DEPTH speciFig L!QUID | PLASTIC | pEREENT PASSING
no- | "Nor | Ccro) SANPLE DESCRIPTION saaviry] PR L M T v e e
FD- 0.5 Black, sandy SILT (SM/ML) 1.38 NP 100 99
10
I# ZERD AIR
T v0i0S CURVE
655 | K E Y
I ! 4 —
| ‘ Pl
3 % A1
= | BEEY 7 ]
- E3 T T
T ool [ L] N1 ]
2 P ] ~ i
s ! f ™~ )
bt ] T T~ T
= . i ! <S i
3 3 1
L / N S 1; !
55 bl | LA \ i N
| L i Pl LT
i i N0
’ PN T
- —‘Elh 4- o+ a»} i\. S GRS
| ] j
50 1
10 15 20 25 30
MOISTURE CONTENT, %
SAMPLE NO FD-10
NATURAL WATER GONTENT, % 36-8
OPTIMUM WATER CONTENT, % 21.0
WAXIMUM ORY DEMNSITY, pef J 56.4
ASTM TEST DESIGRATION p-1557-70
COMPACT IVE ENEREY Ft.ib/ft3 20,000
WA WAHl[H COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
& ASSOCIATES Saunders, V. Va. PROJECT NO. vate TS
PALD ALTO » NEWPORT BEACHM =~ [CALIF. Q700 MeY 1972 =5
P Sheet 3 of 13
2
~ - = B gt~ . :
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B05~2

S TR ——

o L/ T T T

auip PLASTIC ] PASSINE
SAMPLE[ HOLE | DEPTH sPeciFig Lf ERCENT PAS
NO_ | WD | (tp) SANPLE DESCRIPTION GRAVITY L::;T LimiT 72 T ne 4
FD- 0.3 |Light brown, gravelly, sandy 2.58 40 28 73 60
11 SILT (ML/GM)
I i ZER0 ALR
YOIDS CURVE
P
/
//
\ L/
115 K E Y
t \
- ! \
= ] \
= 110 b | \
2 4: \
e 1 { \
z e BN |
| ! ~ |
f RN TN
ros | | T N\ !
: | ! LN
J ] 1 \ \\
| i
100 LI L. |
0 5 10 15 20
MOISTURE CONTENT, %
SAMPLE NC FD-11
MATURAL WATER CONTENT. % 20.7
OPTIMUKM WATER CONTENT. % 12.5
MAXIMUM DRY DENSITY, pef 107.8
ASTM TEST OESIGNATION D=1557-170
COMPACTIVE ENERGY ft.0p/ft> 20,000

COMPACTiION TEST RESULTS

w A WAHlEH COAL REFUSE DAM FAILURE
Y Saunders. W. Va. e —— — PP —
&ASSMIMES PALD ALTO ~ NEWPORT BEACH < CALIF, 0700 MAY 1972 B=5 .
1:_‘3 Sheet 4 of 13
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SEAR s

S ‘m P R
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-a-

pOG=2

.
SAMPLE| HOLE | DEPTH speciFig 100D | PLASTIC | pergent PASSING |
wa- | a8 b SAMPLE DESCRIPTION AR L::)” L;I:l,r pem P
FD= ; ! 0 | Black, silty SAND (5M) 1.52 NP 106 99
w
__ I r __ |
%
|
|
I 2ERD AIR |
+ Vo105 CURVE
. T
1 v J
RN / |
' - ! S N .
[T T Nl [ \ ' !
‘ ;
s T WA NS
E 75 ! | | ) | \1\
£ IR ! N
e | ] ; Bt | ™~ .
= R TN 3
RENEEANE T Ne ;
3 : : ST T - T T : T :
70 . r. | } ) . ! ! H 4 ) F
[ | ) i N \
1 i i 1 L1 A .
‘ — -}
' L.l L ] i
i | | '
5 10 15 20 25 A
MOISTURE CONTENT, % '
3
1
SAMPLE NO ED-1A ;
i
NATURAL WATER CONTENT. % 32.1 g
— —
OPTINUM WATER CONTENT, % 19.0 ’
MAXIMUM BRY DENSLTY. pef 9.4
ASTW TEST DESIGNATION P-1357-70 ] #
COMPACTIVE ENERGY f1.1b/1t3 20,000 4

W A WAHLER COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
R Saunders, W. Va,. prr— — -
& ASSUEMIES PALO ALTD + NEWPORT BEATH = CALIF. 0700 WAy 1972 MIBLZG S
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Sutharer e

PR R IR TP T

N

805=2

T .

sawPLE| noLe foepTH SPECIFIg LIQUID | PLASTIC Lpgp;gm’ PASSING
uPL HNE e SAMPLE DESCRIPTION SRAVITY L::JIT L{|:|)[ e —
FD- 1.0 Light gray, silcy GRAVEL 2.07 NP 72 41
3a {GP~GM)
Combined sample of FD-3A and FD-4A.
ZERD AIR
v010S CURYE
W
=
110 i A . KE Y
! A
) /
. ! \ i
= |
5 o [ | NI |
z | L LN
a | 1’_ 1
3 ; hall N
i fé’ | NI TN
100 [ —+ || Ay
: ! Fi N \
| \ N
| g
95 |
0 5 10 15 20
MO!STURE CONTENT. %
SAMPLE NO FD-34
NATURAL WATER CONTENT, % 7.5
OPTIMUM WATER CONTENT. % 10.0
MAXiMUM DRY DENSITY, pef 103.4
ASTM TEST DESIGNATION D=-1557-70
CONPACTIVE ENERGY 1t.01n/(¢3 20,000
WA WAHI.EH COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
& ASS“E!M’[S Saunders, W. Va. PROJEGT HO, ___bare DRAWING KO,
PALD 4LT8 » WENPOMT BEACH o+ GALIF. 0700 AAY 1972 L~5
- Sheet 6 of 13
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SAMPLE| HOLE | DEPTH speciFig LIQUID | PLASTIC | pERCENT PASSING
MPLE| WOLE | DEETS SAMPLE DESCRIPTION CRAV!TY Lj;;T I.j;;T v T wo e
D~ 1.0 | Light gray, silty SAND ($M) 1.85 3P 95 77
S5A
Combined sample from FD-5A and FD-6A.
| ZERG AR
f vO1D0S CURVE
! | 1 //,
¢ T
| .
4‘“7" 7
145 ) ! 8 £ ¥
\ ‘ g : I i
T TN ST
= j ! ! A\ !
Z 100 i L ! G[] -
i i | | | L
= 1 ' [ | ‘ | \
g I * A
o5 [ 1 2 P
: | L A |
! | / |\
|
| IRNENBNE
i
S0 I
0 5 10 15 20
WOISTURE GCONTENT, %
SAMPLE NO FD-54
HATURAL WATER GONTENT, % 5,5
OPTIMUN WATER CGNTENT, % 10.8
MAXIMUN ORY DENSITY, pcf 96.5
ASTM TEST DESIENATION , D=1557=70
COMPACTIVE ENERGY f1.4D/11t 20.000
WA WAHLER COAL REFUSE DAM FAILURE COMPACTEON TEST RESULTS
&ASSUE'A.{ES Saunders, V. Va. PROJECT NO. DATE ORLWING NO
PALO ALTG « NEWPORT BEACH = CALIF. 0700 MAY 1972 B=2
12.2 Sheet 7 of 13
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E

3
s W
SAMPLE| WOLE | DEPTH spEciFig L10UID | PLASTIC [ perceNT PASSING i
MPLE| HOLE | DERTH SANPLE DESCRIPTION R ITY Lz:I)T Lmr T T v s L

FD- 5.8 | Light gray, silty, sandy GRAVEL| 2.20 NP 81 40

104 (GW-GM)
T T ' ZERD ALR
| V010§ CURVE ‘
z \ ] 5
? ‘ 3\ [ld /A/
1sp | i A A K E Y
Pl I N X
] 3
| ! \ :
- | | : \ g : :
: T L
= 110 R, \ |
z ! I-IEAGN LI\ s
2 ! VAN RN
E | Il RN N | :
] il ol oo N :
105 Iy P ! P AN [ i
i i ’ | RN [
T T 1 e
) ] ! v | :
! I .:‘l
| | ) #
100 L1 1| . :
0 5 10 15 20 i
MDISTURE CONTENT, %
i
SANPLE WO FD-104 7{
a
NATURAL WATER CONTENT, % 3'9 ;::
OPTIMUM WATER CONTENT, % 9.5 i
. RAXIMUM ORY QEMSITY, pcf 110.7 :
i ASTM TEST GESIGNATION D=1557-70 y
COMPACTIVE ENERGY ft.ib/f1 20,000 4
OMP
E WA WAHlEH COAé,all:igzi: D“A,M SAILURE t RCTION TEST RESULTS 3
=} & ASSOCIATES » - A FROIEET MO, BavE DRA®(HC NO. i
PALO ALTO - NEWPORT BEACH = CALIF. 0720 MAY 1972 B-5 3
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B A S

PO A

BO5-2

SAMPLE{ HOLE |BEPTH speciFig LIQUID | PLASTIC [ pgReeNT PASSING
ND. | N0 | (1O) SANPLE CESCRIPTION GRaviTY[ BT LT D7 T
FD— 9,3 | Light gray, silty, gravelly 1.91 NP 84 62
14A SAND (SP-SM)
Combined sample from FD~14A, FD-164, and FD=17A.
ZERD AR
i V0105 CURVE
: ' e
. |
LN T LA
105 e K E Y
1 4» i
AN | A 11 !
i | i
- . I i / i 1 | ;
> ‘ DN
Z 1wof L || L Wl L
Z il B N\ ]
= ? VA RYEE !
z [ P [ | INT | 3
Y L h ]
| qo N A 1
: i /‘T AR S VR i |
95 : P N ‘
, ' TN L
) N S
| 1 IBEEERN
I 1 Tt 1
ool _l L |
0 5 10 15 20
WOISTURE CONTENT. %
SAMPLE NO FD=-144
NATURAL WATER CORTENT, % 5.0
GPTIMUM WATER CONTENT, % g.0
MAXIMUM DRY DENSITY, gcf 100.1
ASTM TEST DESIGNATION D-1557-70
COMPACTIVE ENERGY ft. b/t 20,000

WA WAHLER COAL REFUSE DAM FAILURE COMPACTION TEST RESHULTS
& ASSOCIATES Saunders, W. Va. PROJECT KO. | oaTe CRAWING WO,
PALD £L70 . MWEWPORT BEACH - CALIF. 0700 T MAY 1972 5=5

335

Sheet 9 of 13




-

Ll

P

gy r.

Lt Tt

605=2

LiauiB | PLASTIC
SAMPLE| HOLE | DEPIH SPECIF!IE PERCENT PASSING
NTLE| HOL (“)—l_ SANPLE DESCRIPTION CRAVITY L{:;T L;:_;T V7w
FD- 28.0[ Light gray, silty, gravelly 1.32 qp 87 65
18A SAND (SP-SM)
Combined sample of FD=184, FD-20A, and FD-22A,
[ H ZERD AIR
YO10S CURVE
_‘/
-
| A
| \ 1
gof I I | t KE Y
1] ™,
. N
s ' A
° ! L LN
= a5 | [ ! IR | i
z 1 -}
& 420N | N
z LT T T P NPT RN
f |, i | X |
80 [ \ i N ! i
| f
: \
75 ] |
0 5 10 15 20
MOISTURE CONTENT, %
SAMPLE NO FD-18a
NATURAL WATER CONTENT. % 11.4
OPTIMUM WATER CONTENT, % 9.0
MAXIMUM DRY DEMSITY, pci 864.8
ASTM TEST DESIGNATION D=1557-70
COMPACTIVE ENERGY f1.1b/113 20,000

WA WAHLER

COAL REFUSE DAM FAILURE COMPACT!ON TEST RESULT—\S
& ASSOCIATES Saunders, W. Va. PROJECT MO oate T NTET
PALD &LTD = NEWPORT BEAGH .+ CALIF. 0700 MAY 1972 3=>
§.30 - Sheet 10 of‘ 13



P

<5

805-2

SAMPLE| HOLE DEP!HI speciFrg L1QUID | PLASTIC | pEAcENT PASSING
N NG P SAMPLE DESCRIPTION CRAVITY L::l}l L::;T 2/l N 2
FD- 18.0 | Black, slightly silty, sandy 1.66 NP 69 49
23A GRAVEL {CP-GIl)
T
|
NOTE: Combined sample from FD-19A, FD-21A, and FD=-23A.
J i ZERD KIR
—t vD1DS CURVE
74
i R \’\i
95 J ! KEY
) || ! N\
i ' T
! | i N
> ' ! } : | \
2 HE | |
] i ! | L
S Ly | .
g ; Pl | | [ N
e ! i | ‘ | i }
p T Y
s Pl 5T o
Ran o
. AT T AR -7
8s — — ———
I I ! Lif i
| ! T | N
| | Ll Ll i}
| T
80 ‘ 1
0 5 10 15 20
MOISTURE CONTENT, %
SAMPLE NO FD-234A
NATURAL WATER CONTENT. % 8.9
OPTIMUM WRATER CONTENT, % 12.5
MAXIHMUM BRY DENSITY, pct 87.8
ASTK TEST DESIGNATION D-1557-70
COMPACTIVE ENERGY ft.on/1trd 20,000

COAL REFUSE DAM FAILURE

COMPACTION TEST RESULTS

WA, WANLER L REFUSE oA F
&ASS“E]MES dunders, W. Va. FROJECT nO. DATE DRAWING KO
PALO ALTO =~ NEWPORT BEACH = CALIF. 0700 May 1972 B-5
116 Sheer 11 of 13
T i T

ey

B Ay S (Y R e ¥ A
RN e ab Vga et TEe et

B s T e e

g
|
;s

;
J
3
i
P

=,



AW e e v

s (198

-k

8i¥5-2

A -

- . - = -3

SAMPLE| HOLE |DEPTH speciFig LICULD | PLASTIC | ppReenT PASSING

NO- | NG | cr) SAMPLE DESCRIPTION sraery] LT L M v Twe s
FD— 7.0 |Light gray, well graded, silty [ 1,98 27 22 92 62 '
274 GRAVEL (GW-GM) i
;Jl

NOTE: Combined sample from FD=26A and FD-27A.
{ ZERD AIR
¥01DS CURVE
|
| ol I
o ; // ’4
| i
110 pd [ K E Y :
*T :
- | T
2 1
- I i
Z 105 S
e J b
= Y l i
N 1
\'\ i 1
100 ‘ i
AN Lo
\\ i
‘ l S 15
, ! L
g5 L1 1 | i
0 5 10 15 20 F
W01 STURE CONTENT. % 4 =
1
SEMPLE NO FD=-27A ,
NATURAL WATER CGNTENT, % 7.4 - : ;
OPTiMUM WATER CONTENT, % 8.0 | 1
A
MAXiMUM DRY DENSITY, pef 104.4 !
ASTN TEST OESIGNATION D1557-70 3
EOMPAETIVE ENERGY ft.ib/rtd 20,000 L
WA WAHER| coar REFUsE pax FarLure COMPACTION TEST RESULTS i
& ASW“MES Saunders, W. Va. PROJECT NO. DRTE DRAWING NO. g j
PALO ALTO - NEWPORT BEACH « CALIF. 0700 MAY 1972 B—=5 : 1,
Sheet 12 of 13
-y PR
A4y i
— =
- - g ] i SR T



R S LI L

FETTICH

SAMPLE! nOLE | DEPTH speciFig L1QUID | PLASTIC | peReent PASSING
NO. | NG | t1D) SAMPLE DESCRIPTION graviTy| LIMIT '-::;" e T hg ]
D—- 2.0| Light gray, well graded, silty,|l.86 28 22 78 47
284 gravelly SAND (SW-5M)
l';
\ :
; r IZERD ALR
[ I VOIDS CURVE
1 i
| : L A
95 b | ! RN * 4 £ E Y. :
P ! ! _] | '
P - : [ 0 SN S W
N TAal [N AT TTT
< [ | ] E\ N P
a : ¢ N -
. SN Y SN WEA N
Z 90 | N2 L P D]
8 P [ | e IN T DN 5
z A NN
Do e s N t
85 P | 1 Lo \? i P
i P T T [T TS
| npN | |
| i
JEpunE. |
80 1
0 5 10 15 20 o
MOISTURE CONTENT, % .‘
X
SAMPLE NO FD-28A
NATURAL WATER CONTENT, % 6.4 o
OPTINUM WATER CONTENT, % 8.2
WAXIHUM DRY DENSITY, pcf 58.4 :
ASTN TEST DESIGNATION D-1557-70 =
COMPACT IYE ENERBY ft.1b/f17 20,000 B
0 WA WAHLER| <coaL REFUSE DaM FarLuRe COMPACTION TEST RESULTS
w “ap S d W. Va. T
s &ASSUE”‘T[S suncers, 2 PROJECT NO. DATE DRAWINEG NO A
PALO ALTG - NEWPORT BEACH « CALIF, 0700 MAY 1072 B=5 :
’ 118 Sheet 13 of 13 L




P 11

e

EEANT A

8J4(REY)

] FORE FEEEU'H'E
" .
| . AY(AL STRAIR .
15— - - 50 ' 6 L L2
1 © 1
|
_ _ o e .
2 60— o3 = —=— = '
, _ /'| | RO E t
] F] ‘ ! =
= s Z30 L %
v (] : . = H
- : = |
o a & ‘ w <
=
: sl oL@
T a0 S isf_ 2 = :
F pre ;
= ad '}
O g
e A
- 0
' i 0 e . z 1 ! s
| DEVIATOR STRESS EFF.STRESS RATID Y
" @ % i
o l AxtaL staatd | .. 1 AXIAL STRAIN ¥
o 3 3 9 12 0 9 12 9 2 3 ] 12 H
; 5
AXIAL STRAIN, » AKLAL STRAIN, % AXLAL STRAIN, % i
e
MOHR ENVELOPE "KEY i
i
EFFECTIVE STRESS: ————  _EFFECTIVE SPEC I MEK YOLUNE i
a3k @ =138° STRESS ND. CHANGE, 2 !
= (- —— ——ToTaL STRESS :
E TOTAL STRESS:, 1 .77
Z0r ¢ = 0° i 2 4.3 !
C=19pst | P
o
&5 o : - 5 4 0.76 |
] ] \\ P
0 19 30 25 50 TS 50 705 120 i
LIS
NORKAL STRESS. p3i P
SPECIMEN KO, 71 31| 4 ‘:;’ | |
®ater Contant.% 31 4.2 5.9 |13.5 §x st i N e b
R, =3 " [
|00t ¥ater cantent % a | wen | amm | wem E 10 Lo P T g ) : -
1! GRAQATI —_— y Pl °
E'g Dry Density.pef BUO.3 ! B0.5 | 77.4 | 82.0 J % &0 — AT EIHITS :/’4. E i B
= S[uaz 0ry Density.® | __ | oo | -— | oo k= 50 L S I [ ) Vi !
=3z : H P [ |V | | i
¥oid Ratie 8.3210.3180,372]0. 370 = *° ; B 7 | ;1
- H
Saturotion. % 17.5 | 22.3 [271.0 [66.3 |5 ° T " 1.
Consol_Prassure,psi| 15.0 1 20.0|60.0 {15.0 E e J_ aﬁ ‘ .f
= G ln ", - - b ‘: ‘7
_ B|Matar Cantant,® 15.6 | 12.4{13.8 | 16.8 0 L f S
=- ity et .0G2 .00%.009 .019.0377 200 WQ S0 X B i 38 14 1% 3 3 .
Z[ory o t : :
25 cy Dansity.pet  1g81.3[84.0]81.8 826 WrLUINErERS  u.s s10.5Eales | inents P
g|v¥ord Ratig 0.298(C.264)9.298]0,360 FINEE LI ERAYEL -
sPiL .
S2turatian,y 100.0]100.0}100. 0] 100 0 o Ciassieigation: BLACK, SRAVELLY SAND (SM) EXCEPT | y
[ - SPEC. 4, SANDY GRAVEL (GM). 7
'Sg.ar:xmnn Oramptar 2.875|2.875]2.875]2.875 T (GM) ;
= - - PL | wew (v Dy SPECIMENS 1, 2, AND 3 ARE FROM HOLE 2, :
= Back Pressure. psi 50.0 | 60.0 |60.0 ! 6D.0 " Np i T e T e — e ] )
= [Test Time 16 23°-25', SPECIMEN 4 1S FROM HOLE 8. 20'-22'.| :
s £2iiuca min 125 | 125 [ 143 | 165 Fsa [1,70|n © v £1 EMBANKMENT NG, 3, :
ate Of Strain, )
b ! 3.79 | 3.85|4.00 | 3.24 :
CONSOL IDATED UNDRATNED SARPLE i
WA WAHLER |  COAL REFUSE DAM FAILURE TRIAXIAL TEST RESULTS e
& ASSOCIATES Saunders, W. Va. PROJECT xO. | oarf | smeer wo. I-%-4 & 3
PALO0 ALTO NEWPORT BIACY CALIF. 0700 NQV. 191;jj ic, B=f GG t
e Sheet 1 of 15
¢ 13 =
i i
- i
T =



i FORE PRESIONE
Vs
; AXSAL STRAIN
|
150 90| . J 'y
: 2O) ' N
: z _ | /‘ i L—_—
w20 « 60 ! o 5
- = - { t — f i
4 — @z A==
i £ o | et 2 j g Nl 3
P @ a = m@( 4)
s = v f
h —_ w -
] - (1) = = ‘ 2
. & = soff / —n 2 5 ? f '
i a2 . - ‘
| b
H e
an ; -30 z 1
, DEVIATOR STRESS \© EFF.STRESS 7110
{ v
: brs 5 AXIAL STRAIN | _5p 1 AXIAL STRAIN
5 0 & 3 20 3 3 7 g 3 3 g 2
AXIAL STRAIN. & AXIAL STRAIN, AXIAL STRAIN, %
3
: | MR ENvELOPE | Freyt
; EFFECTEIVE STRESS: £
] . FFECTIVE
¢ LA ot @ =3 . SPECIMEN YOLUME
2% G2y s STRESS ND CHANGE 3
5 - p —— —ToTaL STRESS .
;. o |TOTAL STRESS: 1 .98
gl @=18° i 1 .
2 | €=6.5psi N A 2 3.32
: - = | e \ ™~ 3 1.78
2 - E \ 4 ——
A i 307 &0 30 120 150 180 210 za0
NORMAL STRESS. p3i
- - i
3 - H
’ SPEC IMEN NO. 1 b2 [ als 'E: | i i
5 &
¥ Tater Content.s 8.2 | 8.7 0.3 8.5 |5 ] /
05t wstar Contamt %! —co [ —o | eme | oo & 10 [ ‘
-4 ; ] ! .
ZZ(0ry vensity.pef  ligs.5| 83.7]84.2] 80.7 |5 e : |GRADATON unns‘/ 1
: el TSI Max. Dy Bensity.% | mme | woa | eam | —me | 50 : : ra '/I ; !
=5l— - z ; I e Vi ' i
Void fistio 0.055|0.342|0.386{0.286}w © 1" 4 T
B —- i !
: Seiusation.y 106.0) 46.0 | 50.1| 55.7 } = *° 7 T
N Consal_Pressure.psi] 30.0 | 60.0 | 150 60.0 |2 ?° L T T T
- - R o T - ——
K _ S|"ater Conteny,n 11.9 ] 10.3 | 13.4] 12.7 ': ]
. -t:n — I -tQ2 .005.009 013 QITT 00 W@ S0 X W B 4 38 I« 1y 3 B
i * E: v Deraity.aed 106.6 | 8€.6 | 85.7 i MILLIMETERS | u.S.57D.SERIES | INEHES
S{Yoid Ratio 0.0340.2980. 362) --- | e I HTH 1 GRAVEL
H Saturation % 100.0}100.0)100.0]100.0 STME SI_Lu.ls_slrltlflnn; BLACK, SILTY, GRAVELLY SAND {SM),
: : - |-
5 $pecimen Dismecer. |, gys|2, p75{2.875)2.875 e TE
b = = - PLRwam (070 7. HOLE &: SPEC. §, 301-32'- SPEC 2, 10'-12!
& [Back Pressure.psi | 50.6] 60.0] 70.0] 70.0 - PRl 1=
; ] - Il wp SPEC5. 3 & 4, 35'=370,
. L2 & [Test Time To 165 | 165 | 128 | 138 e
. & |Eailura.min St |1.87]n o v €: emBANKMENT NO. z.
: Rate ot Strain. 3.1} 3.28[3.70 [ 444 7
I h: L
; s TONSOLIOATED UNDRAINED SANPLE
N =1 WA WAHLER COAL REFUSE DAM FALLURE TRIAXIAL TEST RESULTS Ko
5 & ASSDEIATES Saunders, W. Va. PROJECT WO. DATE sweeT wo.  fu=5=2,°
PALO ALTO - NEWPORT BESDW - EALIF, 0700 Nov, 1972 IFie, n_g& §-6 & 5-7

Sheet 2 of 15

~ e st . i oo - e




G Fe m et

P

~-

BIL(REY)

¥ORL PRESSURE
i L
AXIAL STRAIN
150 ’ & -1
iy
] ] b
— " ©
. . [ = —_
z g . | L = /‘f:«_ o
« @ 1 [ I _/‘-‘
L AL | ! e -
- 1 —
s : g @
= = ——_ =
z o Soof o T e z 3
S &
T
30 N e 2 r
: ] i “ﬂ\@ !
| uEvureg STRESS ] EFF.STngs RATID
o AXIAL STRAIN 0 P_\T\‘ ! i AXIAL STRAIN
) 3 f 3 12 ] 3 B 12 0 3 6 ] 12
AXIAL STRAIN, % AXTAL STRAIK, % AXiAL STRAIN, %
{ T
MDOHR ENVELCOPE KEY
. EFFECTIVE
— EFFEDP:E :IRESS' STRESS SAMPLE YOLUME
v I Py
< ‘g, S0 P ———— TomaL STRESS _h0. LHINGE &
v
2 TUTAL STRESS: %——‘\y,.éj-\ 297
m o 9mar 1 N 2 3.43
= C=4 psi - T/
“ 3
TN A
Nl
0 30 —6C a0 120 Tso 160 210 240
NDAMAL STRESS, psi
SPECIMEN NO. 1 2 3 e ) |
&0
®ster Content.% 42.9 | 26.4 648 |x ., yavi
= Opt water Contani,®| --- - s "R T ] r /
=3[0ey Gerer iy per 9.0 a7 |ane |z e | . am?non LII]TIS |
';:-5 Rax.Ory Density. % - . e = 5o / L-/J |
= w |
“lverd Ratio 0.785| 0.83s| op.B29f *° ' ‘
Saturation,® | 76.6 | 44. |100.0 |= 3F 4 - ]
Consot.Pressure.0si| 25.0 50.0 |[100.0 E 2 L~
= a g -+t 1 - Sl
_&|worer content, 43.9 43.4 | 40.0 ; 1
- — ; PP A T T .002 .005.00% .518.037 200 00 51 A 8 4 38 34 1% 3
ngr - EUJ 8.4 §2.3 MIL.IMETERS | U.S.STL.SERIES | _  tWCHES.
Si¥ord Ratic 0.784 0.7711 o0.870 FINES ] Sand [ SRAVEL
SClLL
Saturation,% 100.0 100.0 100.0 *er-a teagsiFicarion; BLACK, SILTY SAND_(SC) EXCEPT
Ll --- PEC. 3. SANOY §I ML),
_ fReermen Deomster. | 9,975 2.875) 2.875 o ST hoie : Ec. 3 .s oY STLT (ML)
E |Back Pressure.gst | 60.G §0.0 | B0.0 oo LOCATION: $. 0987 I
x |Test Time 0~ TTh— 4 e ——
=) EaLlue L 150 150 150 56 [1.37/% 0 T £ POOL NO. | SLUDGE
ate at Strain
: 4 12 4,12 4_29 [
X/nt
CONSOL IDATED UNDRAINED
- AMPLE
W A WAHLER| coAL REFUSE pa FAILURE TRIAXIAL TEST RESULTS s it
& ASSUCIATES Saunders, W. Va. PROJECT NO. |  DATE 1 sweer wo. ’
PALO ALTO - KEWPORT BEACH - CALIT. 0700 | Nov. 1972 [ Fig, B-6 b=5-12

15d

Sheet 3 of 15

)

SRR T N

e«

i .

e e



- - o - FO e - - - -
Vs
AXIAL STRAIN
150 150 8
Ly
3 _ hy
Z 2ol =120 =5 : ©)
. - . <
- - o
= gof el 2 50 o 4 \ ,
ws add
- o £ | 5 ——, X
— S | [} w @ -
S = ‘ =3 P W— z . | :
z ‘ = 60— —~— 5 :
i / ‘ £
[
LTS
@ Z
A | | ‘—-—ﬂ—‘—\i e P
30 1 ] 30 ———— @ 2 g
V( DEVIATOR STRESS V ,._‘;___ﬂ EFF.STRE%S RATIO :
- v
ks 0 AXIAL STRAIN o I ® i AX1AL STRAIN .
0 3 ] 12 ! 3 2 3 B ] rzT
AXIAL STRAIN, % AXIAL STRAIN, % AXIAL STRAIN. %
MOHR ENVELOPE [ "XEY
EFFECTIVE STRESS: £
-~ _ FFECTIVE
* 5 o0f @ =4 STnEsE SPECINEN  YOLUNE
= C' =1 . TOTAL STRESS NO. CHANGE %
g [1oTaL siRess: | | 341 :
- = sor ®=24° ‘ . : B
. : C=2 psi :\ /—-—--\ 2 5.16
: - 3 ‘ —-\)('\ '\ 3 5.36 ;
. - = an : H
: } 1 TN A :
VAN \ :’
", ! ‘:
0 N
7 30 &0 90 120 150 180 210 240 :
. HORMAL STRESS, osi J
- - z
- - 3
SPECINEN NO. |E 2 3 ‘ { J M |
. | 50 L 4 :
Water Content. % | 28.2 50. 1 18.2 'f: " | ' e
: e T = [ Pl 0o
o Dpt Wwater Content % — S ——— w yg l { : : - : | i
- Z=Z[0ry Density oef =11 49.8 58.7 [ 6 i P ! . P
¢ == . . . : ‘ ; b
2 z =S[%er ory vemsiy 8 — — = w0 : _/ GRADATION LIMITS . b
¢ T Sfvai Ratia 0 e« j - L I
" 10 0.709] 0.756 -4B9f - | [ | : i
2 — 0 . | | b
: = e - ‘ :
: Saturstian.% 1 97.4 | 93.0 J100.0 z P 1 1.1 { ,
H Consal.Pressure_psi| 25.0 50.0 j00.0 X 0 | ;-
Elwater Content , % 25.6 44,7 34.5 = ': T 717 -_ﬂ a T __"m‘l- E ]
_3 . . . . :
L —~ R o ~e02 .005.009 .015.0377 200 W0 50 X %6 4 38 314 1% 3 H
¢ = Ory Dmasity pct $3.0 | s2.5 | 62.0  utiLiwireas | u.s.sro.sentes | neats. P
= g[VYoid Ratio o.5s0l ©0.865! ©0.a0g FINES | SAND T CRAVEL t
© - e - : SOIL ¢
» : Saturation, % 10Q0.0 100.0 100.0 SYMB{ ML caassieication: BLACK, SANOY SILT (ML) ;
; - Ll [.---
_ |fRaeimen Diameter. | p.g7s| 2.875) 2.875 T e oo
= |Back Pressure.psi 60.0 50.0 §0.0 Lacarion: —t=m Se o S0 - -]
* E Test Vime to . 127 127 l_':i-_- - PLI NP ——— R . -
e S lEatue . 4 b SE-4p.40 (M 0 T E: pgol NO. 1, SLUDAE. C ok
¢ e ' a.gs} 13.95 | 4.07 g
; = . RE - CONSOLITATED LWDRA;NED SAMPLE
| WA WAHLER |  coaL REFUSE DA FATLU TRUAXIALTTEST RESULTS W
- Id -
H 2 | & ASSOCIATES Saundexs, W. Va. PROJEET KO, DaTE . | ZsHEET WO, o]
5 PALO ALTO - NENPORT BEAEM - CALIF. Q700 Noy, 1272 [Fig, p-6 4S5 —11 ) o
: Sheet &4 pf 15

15<



d |-

i 4
N } FORE PRESIUAE
! - Vs
: AXIAL STRAIN
: 100 8
: | l iy
N I
: - \ R
3 < - - | ! k-
. a w80 & T =
i ! 1 =
i : w ,I‘ i | o |
. ™) = o : w
' : s —— & 42—
; « = ! @ |
. o = - ! i S ]
¢ - z a0 : =3 ; '
: s L*k‘“ii:> o ! ‘
: = i i
- 1 I "t i | .
= : H |
4 20 ; - 20 | + 2] : +
; DEVIATOR STRESS | 1 [EFF_STRESS RATID
. Vg | @ Vs
- 0 AXIAL STRAIN s il . 1 AXIAL STRAIN
s [)] E 5 S 12 0 3 § 9 12 0 3 3 9 T
: AXIAL STRAIN. % AXIAL STRAIN. % AXIAL STRAIN, <
NOHR ENVELOPE PKEY !
.. EFFIE[:TIVE°STRLSS: — — EFFECTIVE
; T z o & T4 STRESS SPEC INEN YOLUME
: = C'= —— — ToTaL STRESS NO CHANGE 2
i v |TBTAL STEESS: | *
= m% -0 ot L 1 0.93
¢ N IERALES" S I AN 2 2.10
: - : N .
v - -
= . TSN \ 3 3.08
: 20 S \\ \\
On 20 4Q 60 80 100 120 140 16
; NORMAL STRESS, Osi
SPECIMEN ND. i ) 3 ':: [ A7
4 Water Content.% la.9 145 14.0 = a0 | 'i|
; Lo . . 5 ,
: = 0pt Rater Content, % _—— _—— _—— = 70 - BRA TGN 1 |I|7 T ; / i
Z [0y Semsity.pet g7.7 | 8s.3 | gn.a }m 89 | CRAOATIOR LI TS, = — i
. EE Max.Dry Bensily.® . o . = s : : (/V’r b —
-3 - I i —— )'/I L
: Veid Ratio o.281| 0.218] o0.244- 1 . g o
. -— - R - e /L i
3 Saturation, % 95.8 827 1000 E 20 // // i | l } l. .
E Conxol Pressure.os)| 5 g 20,9 so.g |2 °° i 7T }' | T T
x| - - : == 10 R S SIS S T 1+
isf‘_"'“__"ur onienet L6 4.5 1180 Dorz 005008 .6+ T i I -
= oy 5 ' . QoS - 0480277 200 100 H0 ] « 3B 34 1y 3 11
} fgﬂ,y_m_"u”'j” ®.5 87.7 | 93.2 | MILLIMEFERS |  u.5,STO.SERIES |  INCHES
SlVoldRet:s 0.269) 0.261 0. 208f—— s SLMD ] —caaEL
i Szturstion, % IICIIJ.D {100.0 1100.0 SM |epasserication: BLACK, SLIGHTLY SELTY, GRAVELLY
Specimen Dismeter ! LLy--- SAND (sH)
B S, . B 2.8751 2.8751 2.8 o [ ... [SeWPLE HOLE 7. 201-22'
s E 8ach Pressure.psi s0.0 | 80.0 0.0 o :P—H-U-*-u-u-— —— T : S
< x Yest Time Lo T ] e S
i S lEayluse.min, . _ | 165 165 185 SG f1.70|% 0 T E: EMBANKMENT NO. 3.
. Rate ot Stramn
: hy 3.2§ 3. 28 3.33
: 5 CO%S0L . DATED UNDRAINED
‘ z - 1 FATLUR® SAMPL
: 1WA WAHLER)  coaL KEFUSE D FATLUR TRIAXIAL TEST RESULTS ML
§ & ASSUEIMES SAunders, w. Va. PROJECT NO. DATE SHEET NO. ’
PaAL0 ALTO - NEZPORT HEACH - CALIT. 3700 Nov, 1972 |Fig, B-6 7-5-2

Sheet 5 of 15



7 - {
€ PUNE PRESSURE )
: Vs
‘ AXIAL STRAIN -
; 75} . e ——— -4 BO ! f 5
& . . ; i
,‘7 l \\ll‘\
g Pye _ [ - ' b~ {
: - - 45 o 5 .
: = i = : E = ;
i o ; ! = .
= Z 1 ! L | :
. = [ ) ] : = e i
T - i = ¢
= E = i | o '-
N —~ — [ i 1 Lad N
: ~s = [ = ! ; > | i~
: > + s | = 3 ;
; a | 2 !
¥ : re
:‘ i st £
i of T~ P — ; |
E ‘ I ' i)
: E DEVIATOR STRESS ‘i\ EFF.STRESS RATIQ 3
3 - v ¥ i X
: . 0 i AXIAL STRAIN | _;5 ! | AX[AL STRAIN gf;
. 0 3 g 12 5 9 12 k 3 g g | ia
AXIAL STRAIN, % AXIAL STRAIN, % AXiAL STRAIN, %
: 4
- T T - 15 a
: MOHR EN.ELOPF KEY =3 ] i
v - 3
: : EFFECTIVE STRESS: EFFECTIVE W 6o | z
~ i a5k @ = 38° STRESS 1 2 q
C'=1 —— — ToTaL STRESS w e 7
) © = 43 i)
S |TOTAL STRESS: r “ H
: o= L - ) T
: Z°% =265 ~ = ) i3
= C=0 = |
z = = £ i
R ” s X £ 15 !
! \\ = 4 '
|$ !
i | | w
! 0 | i o, ! ._a-—.'/‘
. 0 15 30 45 &0 15 20 105 2 “ 170 .8 5 1 2 0
NORMAL STRESS, psi Ko vALUE
: 35
T T
, SPECINEN NO. ' )]
] o g ! 1/ | ]
- f r
: Water Efr,l,hml'* 37.3 % an |l— ! i
5 Opt Wwater Content %| oo w g | 1/
‘ 2‘5 Dry Density.pct 58.8 : 50 [ " ! P i=
] pue : e b : / STRAIN RATE ANS VOLUME i
: z = Max.Dry Density, o g o | | ; CHANGE FOR Ko CONSOLIDATION 13
= x : i i
SversRatio | g.ses] <@ | 1/ STRAIN RATE  VOLUME i3
Satuation.® 3.9 5 20 i e +— s/hr. CHANGE % i
Cansel Prassure.psi| 20.0 E e i n 2.26 ']
: a — LN
:  &[water content.n 36.8 2 + T T T [ [ T ] .
- | 4 ==[ory Danerty.pet | s7.9 | | 00f7 1065008 1B 0T 20 WO & ® B+ 36 3i 1% 3t
Z5 e LA ! MILLIMETERS | u 5.STD.SERIES | _INCHES 3
S|Yaid Ratio 0.530 FIMES ) SiMD | SRAVEL [
- I U—— fd ; SO1L .
i Saturation.® 100.0 SYME] SM ciassirigar gn; BLACK SILTY SAND (SM) . ,’ .
N Soaciman Diametar. 2,875 QL) P
= P , — PL J am [SAPLE HOLE 7. 55.0'-56.3 .
7 & |Back Pressure.psi 50.0 TRET DoAGm: 222 e Soer T - e :
; ® EMest oAt = T 7 T T S o
- < [Faslure pin. (iCUY SG J1.42(n 0 1 £z POQL NO. 2 SLUDGE. 3
- Rate or Strarnm, 3.87 i
= nr(igy T '17
: = ORAINED Ko CONSOLIDATION-UNDRAINED SHEAR | o L.
v s ] 'RE AMP :
=|W A WARLER Co"é RE:USE D“:“ EAILLR- TRIAXIAL TEST RESULTS > HULE E
: 5 W. Va. . i
2 & ASSI][;“H[S aunders, a PROJECT ND. OaTE SHEET NO. 3
ey PALO ALTO - NCWPORT BEALCH -+ CALIF. 0700 Ney, 1972 | Fig, R—6K 7-PST=1 H
: Sheet 6 of 15 i
; -
H isd

e - L T S S T T



- R T

» B
l PORE PEES?ER{ , ‘F T
i ‘ AL 1AL STRAIN ! 1
I | | :
: :zn————ju - T-~——-4——~4. 120 \%\'@—- T T T T T
. ! N '
B I I '8 : :
E : _ ] s L
bl 00— o!— ;‘IDO»—-— T \ 2 : i
v | o t : = i !
£ ] 3 ' L ; !
= 80 T 7 80 , 2+ ; :
o | = :
" = ] - I wy !
R -D— | [y f Ly | |
: . = = = : i
* = 40 =40 = I
z — | A
golt J‘
kS “ i
20 ’ 21 : ‘ -
DEYIATOR STRESS EFF_STRESS RATID
¥S ‘ Vs
. 0 l AXIAL STRAIN 0 | AXIAL STRAIN
3 ] 3 B 5 12 i 3 3 12
AXIAL STRAIN, % AKIAL STRAIN, % AXTAL STRAIN, &
NOMR ENVELCPE i KEY
|
EFFECTIVE STRESS:
i : FFECTIVE
b ' >80k @' = 38° - Erre
; 2 | STRESS
- C'=0 ! —— — TOTAL STRESS
: b TOTAL STRESS: l
v o« - 19 r
g s e=9 || |
= C=4 ps1 !
< ; . T
= “ 20 ] 7
7 9 1 3 L
: 0 20 40 80 EL] 100 120 140 180
H NOAMAL STRESS. psi
SPECINEN NO. i 7 10t [ i — 1 1 ]
- . &3 t - — 7[ | - i i B
) ter Content. % 9.1 46.8 = .. ! Vo 1 1
; 00t Watar Content.%| ... . i f ' & SN
: L= - - R VAYiE S !
. = ={0ry Density.pe! E5.0 48.5 Z o - - - -
E == P L —[GRADATION LIMITS ;
. —ofMax. Bry Deasity. & — —— oo - . Fr ; T T — ]
— o : £ ! [ ! |
“l¥oid Ratio = 40 S _
' - g. - p . ) i ; :
,, e ®oive . eas) eser] Y- Uf T 1T T3 1T T
. Saturetion.® 100.0 | g0.4 | = | A T T ‘; ]
. - » 3 L2 PO . .. - —
L Confin.Pressure, 05| 40.0 [120.0 | x 0 4 ‘ i [ ;]
- . a n - t. I S D
Groter fontentn | o | e D), ] L]
: ;: Ory Denstty.ocl e I L0027 .005.009 .018.03% 200 W0 S0 MW € [ 438 34 o1y 3 H
s -2 e | I MILL'WEIERS ‘t'iu‘s"si S}UEL,i INCHES
: | Yoid Ratio ——— o ! FIMES SAND BRAVEL
: R R S JEE— 1 SO1L
) Saturation. % 100.0 100.0 I Stus agsieicarion: SPEC. NO. 1. BLACK, SANDY STLT (ML), |
LL ] --- SPEC. NO_ 2, BLACK, SILTY SAND (SM).
_ .Sﬁf!:mun Dluﬂiulal'. 2.875] 2.87% e - 7_1__”_;5' s (s, |
E Bach Pressure.psi 50.0 0.0 y MWVTMIJM;I B e —
5 5 ]!Sl 1|mu' o “i’sg"7<k‘53 o 7—_‘4FL, . _— - .- —
S fea . SG J7.42]% 0 T £ POOL NO. 1 SLUDGE. ]
%;&: ot Strein, 3.85| 3.97 FATLURE CRITERION: 10% STRAIN T
= UNCONSOLIOATED UNDRAINED
Z W A WAHLER COAL REFUSE DAY FALLURE TRIAXIAL TEST RESULTS SAMILE
~ . .
=& ASS“E]AT[S Saunders, Y. Va. PROJECT wO. DaTE SHEET WD, )
PALO ALTO - NEWPORT BEACH < CALIF, 2700 Noy, 1977 | Fice, 3-6 7-5-7
Sheet 7 of 15

155
AW

FRpSt IR P



P

e

e i e vy,

AT et i

TRy s

‘ I FURE PRESSURE
Vs
i : AXIAL STRAIN
| ‘ H
150 ! i~ -~ 150 6 ie
| | i
; | ! 03 Ly
. ! i . | s P
2 120—- - - — =i20 ‘ o5 Vo
“ ; o ’ ‘ = @ 'é) P
! ac | N
= 2 | ‘ a :
- 9D :Oﬂ - - 4 — -
v w . & — »
: : m | 7/ © |
=4 . i w :
= S ‘ = 3
g o =0 =]z :
I (:) - ;
| () :‘
30 . 30 =SS —— 2 : 1 :
DEViATOR STRESS ! EFF.STRESS RATI0 s
VS f v$ :
0 1 AXIAL STRAIN n 1 i AXTAL STRAIN
] 3 € 9 12 0 3 3 ] 12 0 3 3 E] 12 .
AXIAL STRAIN. % AXTAL STRAIN. % AX1AL STRAIN, &
MOHR ENVELIPE | Txey! T
EFFECTIVE STRESS: EFFECTIVE
-gf @' =37° I STRESS SPECIMEN YOLUME ;
a - ) LA N
¢t =3 —— —— ToTAL STRESS N0, CHANGE % :
a TATAL STRESS: I 6.15
ad H - .
=50 @ = 17° : Vd ‘72—-— ‘. ':
- =7 psi . B - i 9.1 :
- C=7psi y
- g
= 3 5.70 :
33 "',7:’—\;‘. ( 1
. \\ [ ;-
. ! ! N
WARAWAY | :
4] n l | -
0 30 60 E[] 120 150 180 710 240 ¥
NORMAL STRESS. psi H
'Y -
SPECIMEN NO. | 2 3 o 7 i
| § - =
kil o L ML RN LR -9 T | :
= m laur)_c_cnun:.s o —— - | e { ‘ ! ) l 1 : ! _:
=Z|Dry Density.pe’ 54. 1 4. 4 1= 50 — - . . ¢
== 8.5 4.4 3= D] A eravaTion Limits] T :
= Waz.0ry Bensity.% ——— . ——— & so - — R e T l
- x !
Clgere Reree | 0.612] o.s00] o.s48]= ’// l - I —
Saturstion,% { 97.1 liwoo.e | 64.4 X 2° RV T B l T
=] P e —
Canaol Pressure.os; 40,0 | 80,0 liza.o |= °°7 4= E
_‘§ water Contsnt.% " 42.5 :’ 50.7 41.2 = EDD 77777 T TTT T ;
==|0rv Oanei e T R .0D2 .D0S 009 .019.03™ 200 ©0 50 X % € + 3B 34 1% 3 €
Eglm'“' ,57" ,‘,E{tiﬁlﬂ_ MILLI®ETERS +is,5Yu SERIES | INCHES
Slverd Ratie  g.5i5] o.638! 0.738 BITTE SAND [ SRAVEL .
Saturatign,s A00.0  |100.0 [1n0.0 SYMB] WL ssgirteation: BLACK, SANDY S1LT (ML), :
1) "
Specimen Diemeter. | g g7s! 2.375) 2.875 o SINFLE 5
= R PL | == hrazion: HOLE 8, 550-571, ,.
= (Bach Pressure.psi 50.0 §0.0 80.0 1 - -— e o :
x |Test Time ta T, PR St WP _ - - "
= e o, 150 150 150 SG [¥.45{" o T E: pgoL NO. 2 SLUDGE. i
ate af Strain. %
¥ ‘ ¢.55 1,58 | 4.50 i
> CONSOLIDATED UNDRAINED SAMP w T
SIW A WAHLER COAL REFUSE DAM FAILURE TRIAXIAL TEST RESULTS nof :
:"‘; & ASSD“MES . Saunders, W. Va. PROJECT ND. DATE SHEET MO, ’ .
PALD 4LTO NEWPORT BEALH CALIF, D700 Noy, 1972 | Fie, B-§ 9SG~ |
PR Sheet 8 of 15 il



Bams Wt e

Ao ST

R

7 TR R I,

P N T R T

- Vs
l AXIAL STRAIN
150 150 ‘ S 8 -— ——
: \
! {& P . i @
N 1 i '
3 - - b | e
=120 =12 : \ o3 | j ‘
_ . : = / - | i
o w i - )
o 3 ! :
€ " 240 ‘ g : ‘/ - '(
v [ = . '
o & | = !
=1 | i 1
- — (™ | i @ [™] | |
5 - as : ' >
i > &0 60 - . =3
-~ | ! =)
= i i ot X i
i i i = |
20 : 3n ' 2 : | o e
| DEVIATOR STRESS ""\K@ EFF.STRESS AATIO '
- Vs / ¥s :
.. 3 \ AXIAL STRAIN o ] 1 AXIAL STRALN :
] k] 3 ] 12 0 3 B [] 12 0 3 6 9 2 5
AXIAL STRAIN. % AXIAL STRAIN, & AXIAL STRAIN,
MOHR ENVELOPE l ) KEY
} EFFECTIVE STRESS: EF;ECTlVE ——_TOTAL STRESS N
. _ _ TRESS
zoop @' =38.5° T SPECTHEN VOLUNE e
b= o T~ ND. CHANGE % -
vy | [
% |TOTAL STRESS: / o | ‘
=5l = 910 ' e’ ; P
= p=u N— 1 4.39 ;
= C=10 psi ,/ / E 2 ———
E 30 : ! .-\ / | ;
7 < 1/ ] i
i |
30 60 T 120 150 180 210 240
HORMAL STRESS. pa :
SPECTUEN NO. 1 2 R Pl ! o ;
st |t g ; | P
¥ater Content, % 40,6 41.2 z . ' [ A | | ' H Pl
- Opr Water Contant. -— - E 10 L A ! T o ! K
ZZ[0ry Oens 1y, pcr s5.8 | 52.2 = 52 R L /—GRM‘IATITN LINITS
-z : r ' .
== Max.0ry Density o - -—- e op — : -
=g z -/ i i P : :
Ti¥aie Ratio 0.566 0.B75 - 0 = T T T ;
- T = = 1 L L. ’ R T -
Saturation,% 100.0 B5.6 = : Y bt | | i ] s
Congo! Pressure.psu! 40.0 |120.0 | E 1 T-— T I.[ ] o " ‘. -|_|—.
_ B|nater Content. s i 31.6 | 8.8 | = ‘: ] T [ l T I TT‘
< — erne 4 - = ] 092 .005.009 .019.03m 200 wWo S X W B« 3E Fa o1y 2 [
—_ D - H
EQMZF,” s ] __ _MILLIMETERS ,,{,,,,u,,s._su,ig_l_lg_f L. IWEWES o
Slv¥oid Ratio 0.4924 --- FimEs SAND CRAVEL R
—— _ e me——— P - b e i — sO0:L :
Saturst on.% L1000 ;1000 [SYMB] 1 isciricarigw: SPEC. NO. 1, BLACK, SANDY SILT (ML).
Specimen DieMeter 2,678 2.873 L --- SPEC. NO. 2, BLACR, SILTY SAND (SW).
= P - bk B pL | ---[SA¥PLE  hoLE g, 57'_5g'.
= [Back Pressure.psi 500 | 50.0 . *NF**“‘“J“ - N — :
£ [Tee: Tiets T g3 TEE ] T Lo e B i
S |Fruiuremyn, SE [1.39[n 0 T E:  POOL ND. 2 SLUDGE T3
Raie or Strain, 4.10 5_41 - ] 5‘5
/nr i3
= - CONSOL I DATED UNDRAINED CEMPLE 13
< | WA WAHLER | COAL REFUSE DAM FAILURE TRIAXIAL TEST RESULTS e i
-~ J . -3
ST % ASSOCIATES Saunders, W. Va. PRUJECT MO. |  DATE SWEET n0. -
PALO ALIO - MEWPORT BEAGF + CALIF. Q700 | Sov, 1972 1Tiz, B 9=55-28 ¢
bRty Sheet 9 of 5
A5 f‘ 1 :
¥



oo R Y fraes

N

»
' [ PURE PRESSURE.
‘ vs
t i AXIAL STRAIN
50— - 129 : ; & T
. \lr' .
i N | ,
) =120 v =90 .' | '2-‘ 5 .T "
v . o i ; =
@ - .
2 o0 Z eo /,0\7\‘(9 3, .
— o T d .
2 2 T~ @@
> &0 o d 0 s L
: D |
= | H
39 : 0 . ‘ 2 ’ . .
UEV“Tﬂg STRESS . @ EFF.STRESS RAT 1
v 2
0 AXTAL STRAIN | _g | . AXIAL STRAIN g
] 3 [3 9 12 0 3 b 3 [} 0 6 L] H
AXIAL STRAIN, & AX1AL STRAIN, % AXIAL STRAIN, % 1
)'.
WOHR ENVELOPE L3 &
— — EFFECTIVE
_ EFFECTIVE STRESS: STRESS
2 9ok o = 3° . SPECIMEN VOLUME iy
. o= ~———— TOTAL STRESS KO. CHANGE % i -
o = P .I
= 5o — -~ L ] 2.22 .
= T § s
= r \ ’ 2 4.26
- 4
. 2 AN ) | 3 §.58 ;
g ” 39 N~ B i
¥ : \ N | b
0 L l
‘ ) ag B0 90 120 150 180 210 240 iy
NORMAL STRESS. 03i Pl
: .
: SPEC IMEN NO. 100 ! ' | D
! z 3 _ 56 —L ‘ | d
Water Content.x 18.4 15,3 176 0E o0 I I i . ‘ P
3 Opt watsr Contant €| ___ ——— - = 3y ' i GRADATION LiMITS -~ / 1 .5
=5 - RN .4 ] :
:E Dry DOensity.pet 73.9 85.0 36.5 X <0 —— | i ]_ / : i [
= ofMax.bry Density. % — _— &= =0 ‘ - r ,/ 1 .
25— - e = R | ot
void Retis | 9.284) 0,117 0.281f T ! T ‘
Saturatian % = 30 B 4
: pturatian 88.3 [y00.0 [igo.0 }% . ', I P i ] i
% 1Cansal Pressuceosil 5.0 | gn e |100.0 < o et ot b4l 1L 4
: x o 3
% _ S|Water Cantent,= 20,5 1 15.8 | 14,8 . | ;
H =g - 007 .005.009 0190377 200 WO SO X % B 4 3B 3a 1k 3 6 F
Y ng” _ ] 15.8 ,‘_EAL i&d MILLIMETERS [ u. 5. STO.SERIES | VHEMES :
g|yerd Ratie 0.256_0.069 _ 0.159f— T 1 ZAND 1 ERAVEL
’ Saturation, % 100.0 i00.D !wn_g Bl s¢ lcLassiFrcavion: BLACK, SILTY, ERAVELLY SAND (SM)
Specimen Diammter, 9s' 2 BTSJ 2.875 ol BVE) -
[ - -
2 ——— 2814 PL| g3 [Pt SPECIMENS 1 AND 2 ARE FROM HOLE 10,
= Back Pressure psi 500 50.0 §0.0 “—-PI ; -
= [Test Trfia to i = * NP 160.7°—62.7' .SPECIMEN 3 IS FROM HOLE 11, 35.0'237.0',
€ [Fatjurs.min._ 125 | 181 165 SG 11.52|% 0 7 £ y|xEp EMBANKMENT AND SLUDEE MATERIAL. L
Rate ol Strara, i
by 3.86 | 3.80 | 3.5¢4 .
= - FFUSE DAM FALLURE CONSOLIDATED UNDRAINED SAMPLE ok
- OAL REFU I i
E § WA WAH“H S 3 0 v TRIAXIAL TEST RESULTS g‘[b -
: - &ASS[][:””[S aunders, w. Va. PROJEET NO. oaTeE T sweer no.  |10-5-9 & :
Pal0 &LTD - NWEWPORT BEAZK - EALIF. 0700 NQVY, 19_7_2LF11_ B—f (L1~PST-1 i’
55N Sheet 1% of 1€
; Ay
. i
i —_— I . ) -
= e §



R T N TR

Tt

St

FPL A TP

LT e

84 REV)

SHEAR SIRESS. ps)

AXIAL STRAIM. %

AXIAL STRAIN. %

[ NOHR ENVELOPE Pepy!
EFFECTIVE STRESS: ———— — EFFECTIVE
s @' = 35° STRESS
C' =7 psi —— —— ToTaL STRESS
S LTOTAL STRESS: P P
o= 19.5° / \\
C= 4 psi )/r \
AT T |

\

<7

[~}
w[TN)

2 60

90 120
NORMAL STRESS. psi

130 180 210 240

AXEAL STRAIN, &

SPECEMEN YULUNE
NQ, CHANGE %
i 2.22
2 2.93
3 6.11

Ty T i T
SPECIMEN NO. R 2 3 o P _IT 1 pii
— "
Woter Contant.d  |ppp | os | o7 |E (11 | ] /4 .|
Cpr weter Content. % __. e . = oc ! GRADATION LIMITS H
_Z = . 1 b f
Zof0ry Density.pe!  hipa.4 |104.6 J10s.0 | SO — |/ 7
EE Mar.Dry Oenscty. % -—— ——— — E 50 . | E 2 /// ;
Sr— - = | - ‘ ‘
Yoid Ratio L 9.087 0,074 o 1rrf = «0 [ i i : A
Sdturation, noo.0_ liwo.o_ |rp.0 |E T ! DT P
[y +—-r- T - -~
Consol . Pressure.psi| 75 g 50.0 120.8 b i [ ‘ }‘ |
x| « 1g -t oo +
__(;S______'“" Cnﬂluﬂl.f_-__ 112.0 1.0 0.6 %967 505 oo 018 937 30 o J37»5 B I
Zlory ODensity.pef : -002 005005 015.03% 700 W0 %0 C 3% 34 1y =
.E..E y *rly.oet hps.T [107.8  [112.8 MILLIMETERS |  u.§.ST0.SEALES i ___IMCHES
g(vorg Retia FINES MTT] GRAVEL
] 0.063| 0.n47| 0,105 prv sm —
et 102.0_,1¢0.L .t LL = CELxlr:SESP'T' IscP‘ETc:o:E:N :ng:v;n:i:::; G::VEY HEE L8
Specimen Diamater Lidd . (ML)
2 = 2875, 2.875 2873 p, S rii in: SPECIMENS 1 AND 2 ARE FROM HOLE 11
- A el SN ¢ | 2 SFRSLIEENe 1 7 U
= Back Pre:aur_g_.asl 60.0 %0.90 50.9 ] NP * P '
Z [Test Time & 35.00=37.0",_ SPECIMEN 3 IS FROM HOLE 10, 60.7'-62.74
< E:;iu;: 1;;!;.5”1 155 165 1S€ 56 |2.24[n & T :EumANKMENT 3 AND SLUBGE (POSSIBLY
%/ ¢ ) 3.37 | 3.50 3.353 DISTURBED).

W

A WAHLER

COAL REFUSE DAM FAILURE

CONSOLIDATED UNDRAINED
TRIAXITAL TEST RESULTS

SAMPLE

PR

NO.

& ASSOCIATES Saunders, W. Va. PROJECT NG, DaTE sHELT wo.  JL1-PST-1 4
FALD aLTO NEWYPORT BEADF - CALIF. 0700 ,i v. 1972 |Figp Rebo 0=§=9

159 Sheaer 11 o€ 15

T o = YL LA - Gl e, =R R R L T O A e
RE 4
Vs
! AXEAL STRAIN
|
15— — — *I[————‘ ] 1 44—
i [l |
! | ! hy 1 |
w120 o ! : ; . e i
a =12 ; - 2§ |
R . ’ ! 1 - ‘
“3 -~ ' | -2
» = ' % w
e ol ) . v
= 90 z!ﬁ i w L
= & ‘ ' -
;
> 60 = B0 - = 3
- (&)
= H [~v]
| s i
| [ H
30 ! i - e 1 g(2) z !
i ' .
{ DEVIITE; STRESS ' EFF.STRE?S RATIO
g } AXIAL STRAIN .\r‘@ i AX1AL STRAIN
h] 3 [ 9 ¥ [ ") K § 9 1

PR




:
L :
T TERE PR [
; t ¥s '
: 1AL STRA|
V50— - 1 150 Er
K ‘ i ; Ly
\ N
& - ! ! - b~
= 20— - ~12 : <5
H o | bl | ! -
. “ s H : ;
= 2 i l 2
E 29" - w 4
: E
- 5 ¥ | , s
K hnd = &80 3
(s
, ‘ 30 : Z ;
" / ‘ DEV IATOR STRESS ‘I "@ \ EFF.STRESS RATIO
W - I [ |
=~ n | AXIAL STRAIN 0 | § AX1AL STRAIN
: 0 3 3 ] T 0 3 5 E 2 0 3 3 ] 12
1.
R AXIAL STRAIN, % AXIAL STRAIN. % AXIAL STRATN, %
MOHR ENVELOPE | "KEY
. EFFECTIVE:STRESS: ~————— EFFECTIVE
. _ | = 270 S1rESS SPECIMEN VOLUNE
: it @ =37 ND CHANGE, %
1 =g —— —— ToTaL STRESS . : 1
- A .
. g |romsmess: | : 318
_' o] @=15.5 .;“\ 2 3.11 :
: = C=2g9 psi i
£ = ‘ B 3 €. B3 .
“‘ Za | /" 2 \ N hY .
N T |
0 / I\ 1
30 ] 90 2 150 T80 210 240
: NORMAL STRESS. psi i
B SPECIMEN NO_ i 2 3 ::I | er i
i ¥ai=r Content. % 37.3 | 45,8 | 32.¢ |% . | T L H
- == @ ko { : | ! / 1 [ | [ =
: 2|0pt waler Contsni.&| ==- -~ = lg : 1 ‘ T l i
I ] } .
. =Z2(Dry Density.pef 58.5 | 48.4 §5.2 |z s¢ M tf ~ ' . .
; - == - b A e GRADATION LIHITS i i
; o =S|max.Dry Density.% | . —I — —— |= s s ‘ '
=z : = = L D AN i P | :
" “(¥oid Ratia 0.485 1.807 02400 40 i T | ‘\ ; I ¥
tren.%  |100 = 4 g - : YT T T ‘
Saturatign 100.0 78.1 100.0 E e / Ai B |1 A.,Jﬁ [ Loy i
Consol Pressure.psi; 40.0 80.D 1200 = ' 1 ! s
- S - + - -- 4 B ot ] x
3 _&|rater content. 3.6 | 43.1 27.9 '; { | ] 'f :
: e st tvwrelii St S ~0p2 .003.009 019.0377 200 100 %0 X I B & 38 T4 o1y P 6 i
£ Eé‘u”’ Dafaity.get | 60.4 | 51.9 6.1 MILLGMETERS | v 5 STO_SCRIES | _  INCHES i
n Slvord Ratio 0.447 0.71% g.79 = LrlnES T SAND { GRAVEL )
K t B
+ Satucation x 100.0 | 100.0 | 100.0 ot CLassificarion: BLACK, SANDY SILT (ML) EXCEPT R
i Specimen Diamotsr. | 7 g7g 7 875 2. 878j—t— SPEC. 3. SILTY SAND (5) ¥
£ 2P - PL | oo [CaMPLE . HOLE i1. B5'-67'.
* = Back Pressure. psi B0.D §0.0 E0.0 Y NP et e — - =
s ,‘ E Tm s to N : 165 1}5_7 B ‘7]7557 . e ——— - - [RE—
. @ |Fajlure men, SG f1.66|~ 0 r E: ppgL NO. 1 SLUDGE
. Rate ot Strain, 1.13 3.42 3.42 - —
hi - J
i = CONSOLIDATER ONDAAINED SAMPLE
; < |W.A WAHLER|  coAL REFUSE DAY FAILURE TRIAXIAL TEST RESULTS ot ‘
- i & ASS“EIMES Saunders, W. Va. PROIEST MO DATE SHEET MO, %
‘;: PALO ALTO - MEWPOHT BEACH - CALIF. 0730 Nogv. 1972 lFig, n-f 11=85=3A B
: 16D Sheet 12 of 15 H
Mo , — e e ————— -



T D e i Ce AR

: 3
Y ¢
! TORE PRESSONE .
Vs .
3 AXIAL STRMIN :
woE———————— - —— 6 Z
i N
- — [ ‘ k- L
i 2 = 80 | ‘ i o3 :
w " ! i i E: 3‘:
“ = /—"_‘\"@ “« b
= a5 : : < 4 .
oy w o [
g o ! “ !A
: : z I
b > 240 - -3 L
: a , ‘ i pre 5
- —@ |
. u N .7
) . : 20 —=r 2 : , ]
! DEVIATOR STRESS 1 EFF.STRESS AATIO
vs ! ' i
0 ‘ AXIAL STRAIN 0 . ALIAL STRAIN
0 3 3 9 [ 3 B 12 1 3 6 ] 12 i
AXIAL STRAIN. % AXIAL STRAIN. & AKIAL STRAIN, % :
WOHR ENVELOPE | "KEY
| e :
EFFECTIVE STRESS: _ EFFECTIVE :
o 60 ¢l = 350 —— L STRESS r SPECIMEN VOLUHE '
- C' =1 psi L — — — TovaL STRess ND. CHANGE %
]
2 |TOTAL STRESS:| =T~ | i 2.76
=80 = 20° i
= | C=r ‘ V Y 2 3.54 N
- T - i
o ‘ r~ 3 8.70 C
3 5 L ~. \/ D
* d \\ 4 3.82 .
0 I | :
0 20 40 60 80 100 120 140 160 B
NORMAL STRESS. 031 o
i
SPECIMEN WO, | 7 1 4 ':a“ 1 b L
water Cantent.d 1.0 ] 9.3 | 40,8 5.8 |E P A B 1 :
Iubeh S oo — : r 7 7 Cd
|00t ¥ater Content. & --- TN (PR R TR e ] - ‘ 5
22[ory gensity pet 81.8 |84.2187.0 ' 7e.¢]% 60 L Pl ‘. s
- - ' ' | ! . ! S
—o(Hac.Dry Oensity. % FUREE B B e 1 ; l/‘ / . - I
=z : : . = % i oo |GRADATION LIMITS] :
Slvere Ratio 0.22410.33¢{0.292i6.502| & *° T el T, 1 P
- -— b. I LIS, . JE R U A :
) Saturation.% 89.5 {50.3!57.7 lss.8 z i i [ IR
- Consol. Prassure.osi|25.0 | 50.0|100,0]/50.0 |= *°F ] j
E[water cantent,« 12.0 [13.5 |12.4 T21.80 ,Uu T1 71717 T 1T R CF
— — S —
==]o 0 ' 202 .005.009 019.0377 200 M0 S0 X0 6 £ 38 34 14 2 o
Eg 'y Denmity.pe §4.4 |87.3 93.2177.4 _ MILLIMETERS | U.5.ST0.SERIES [ . . tWcHES |
g|void matia 0.190{0.287]0.205]0.452 FInes I SaND I ERAVEL ;
[ - — - 01t B
Saturation,% j00.0;100.0!/1c0.0]100.0 SYns Lassirecation: BLACK SILTY SAND (S™) EXCEPT
Specimen Ciameter |7 §75|2.87512.87512.875 4 o SPEC. NO. 2, SANDV SILT (MU). %
T - : : Y : SPECS. 1 & 3. 301-32F; SPEC 2, b
= |Beck Pressure.psi | 60.0| €0.0(60.0 | 560.0 TRET LACAT 10K, :—:—E—;f—i-skc—‘—é—u;;ﬁ; i —
- = et TiEE . 102t . -
. L [Test Time To 185 | 165 | 185 | 165 T R T T s o e ‘
L] lusra myn, S6 [Z.14|N @ T E: EMBANKMENT NO. § ¢GOS PILE). .
gt ot st 3.38/93.34 | 3.36 | 3.46 — ;
< CONSOLIDATED UKDRAINED g
w P P
2{W A WAHLER|  coAL REFUSE DAM FAILURE TRIAX(AL TEST RESULTS SAMPLE P
- - 1 . .
= & ASSE“MES Saunders, W. Va. PROJECT NO. DATE SHEET WO, 3-5-1, i
PALO ALTD - WEWPORT BEACH - C4LIF. O700 Xov, 1972 [Fiz, B-6 K-1 5 5-35 %
. Sheet 13 of 15 H
363 ’




S P

8J4(REY)

! T PORE PRESSURE T ! T
‘ ‘ v§
‘ r AXIAL STRAL | | !
{ i ' \
15— | % B B L el T—‘i - - : -
o L |
- B0 : L ! - B0 ' 5‘ J
" o ; = ‘dj;;::I::I:::::
= ac
> il v o« . .
e H —
o o . o
= = [ ; @< 4
= 3 ! Z ., 1
z a 30 - =3
=] | . ) |
: WOIE
(‘ T T — e )
15 i L i 2 ™ T
nEvnneg STRESS /K”’f_a._d'_' EFF.srusés RATIO
g | AXIAL STRAIN o I j (::) . AXIAL STRAIN
) 3 B g 12 ] 3 5 g 12 0 3 B E] 12
AXIAL STRAIN. & AXTAL STRAIN. % AXIAL STRAIM, &
WOHR ENVELOPE | |« EY | - |
EFFECTIVE STHESS I
s el @ =37.8° 'ﬁ —— — _EFFECTIVE SPECIMER _ VOLUME
= C'=1 psi \ T STRESS NO. CHANGE %
@ |TOTAL STRESS: ‘ —— —— ToTAL 3TRESS . 0,52
Eap ¢=155° L —= ) 5 49
- C=4.5npsis T )
= ; 3 2.74
= | \
“ G : N
I 1
; I
| \ | )
1] | L
] 15 0 60 75 E[Y 105 120
NORMAL STRESS. pai
SPECIKEN NO 1 3 3 e
50 BT
t — | : H
.E‘Ej Cﬁrlrnlnn[_'h 10.3 10.6 10.2 = aq ; . | |
- Op: warer Centent.®| ___ ——— ——— worg ‘
232|0ry Density get 86.¢ | 86.8 87.1 |% s0 .
;—:é Max.Dry Dans:ity,% I ——— —— & S0 -
-3 : T = i ! '
vard “ffjﬁfi 0.350] 0.385 0. 340\& o T
Satutation, 55.2 s7.4 | S5 F T T T - :
Coneol Pressure,nsi] 15.0 ¢ 30.0 g _ E 2t T T 7 I‘ :~
_ S|mater Content s 1;_‘3 AR * ‘: i { J l _L _I
-~ = T 0" < = ) - - S -,
=lor Den ty. { ~007 005 QOS 013037 200 W W x L3 B a 3 z c
Eg_'_# oe i §7.0 | 9.0 i !!i_ o MILLIMETERS I: LU § $TQ SERIES i mcn[s _
] Vﬂlﬂ_ﬂ_!:.g ~ _j 1.342| 0.211  0.30¢ smflnss SANC GRAYEL
Sateration.s 1100.0 100.0 _:100.0 SYme| su 1;_|__l$SIFI|.A"IGFI BLACK, GRAVELLY SAND (SW). __
Sgsclmun Jiamets: 4.0 | a.g ! 4.0 L ‘“J 5 s e o
- LN L halil : PL | oo [SAWPLE
2 [Brcx Fressure.onn P i 0. s o060 - - |Laration: LABORATCRY FABRICATED SAMPLE. ]
Z [Test Yime fo e " ] 147 — Al
< %ﬁﬁlkﬁf‘%#ﬂ I SG6 f1.87|n 0 7 " SANMPLE FABRICATED YO ARPROXIMATE AVERAGE
tan, - - — =
won 3.58 3.54 5.42 [AVE ) INPLACE DAM NO_3 DENSITY CONDITIONS
i . CONSOL IDATED UNDRAINED SAMPLE
WA WAHLER COAL REFUSE DAM FAILURE TRIAXIAL TEST RESULTS 00
& F\SSHE!ATES Saunders, Y. Va. PROJECT XO. Dave SHEETY NO. )
PALC ALTO - NEWPORT BEACH - CALIF. 0700 oy 1972 JEig, R-¢ Azl

1‘ L]
-

Sheet 14 of 15

l.-@ll‘




P = T TN S AT NN A 2T .

H Sl
™ { PORE Fagssm il
" | @I ‘ AXIAL STRAIN
-'“-.-_._*i |
| SR a4l ;.+___# 15 ‘ 6 —
ks \ ]
= 1 ; w '
F) 3 b
_ :, i | hy
: T o so : ' “ 50 = 5
; = T = | T z
z - i 2 e : ‘ ; 2,
= o 45 YT w : &
: : o [ i
: g ! " ® N :
3 - = i = —a— =
. = 30 - &30 , = 3 H
. a i ] el -
| .
: re—t—1O IO B | ;.
5 15 ' T 15 — 2 ; ‘
’ i nsvmeg STRESS . @ EFF.STRE§S R&TI10 |
. o ] AXIAL STRAIN of | 1 ‘ AXJAL STRAIN ;
B 0 3 ] g 12 0 3 5 [ 1 i I 3 E] 12 :
: AXIAL STRAIN, % AXIAL STRAIN, % AXIAL STRAIN, % ;
s MOHR ENVELOPE KLY 2 i5e TP By
5 r————l EFFECTIVE - JJ ;
EFFECTIVE STRESS: A [, )
s ast o' = 36.5° 2
R a . —— — To7AL STRESS| 2
% " C' =1 psi %—-‘_ | = 00
: £ [TOTAL STRESS: >< ~!
E 0 p=22° i /7 . 3 TN
: _ . - = &0 2 i
K £ C =2 psi \/ = L) P
4 * 315 Sce’ ™, 3 w a0 b .
3 — L
¥ 13
< ) f o 0 -
5 ) 30 Y 0 75 (] w5 ¢ i R — R | o
NORMAL STRESS. pai Ko vaLug .
r g S— — — -
® SPECIMEN NQ. 1 2 3 V) STRAIN RATE AND VOLUME CHANGE | | A ; ;
; = sor FOR Ko CANSOL{DATION ! Bl -
i Trater Content s 10.5 9.8 0.0 |5, L A ‘
—— e S ° 7 .
I e e R R A o L TR R A
- f ! H z
2200y Denssty.pes 8d.¢ | 85.8 | 5.3 |z sor 2.73 g —A — .
= a ool 2 2.92 ses L1/ P!
b =2 Max.Dry Density.% -——— —— . & 5o 3 2703 7,82 / ’ - i - %
s =1 - - =z ~- ! ] i .
Sfveid Ratia 1 v.38d 0.3 o.3egfi ¢ 1 ] 7 T T
' Saturstion.% s1.6 | s | 5.0 g” 1 ’ /_A TI1 T
: censol Pressure,psif 15.0 an.o E0.0 | & 2e T —-—* \ ﬁ ‘] | \ k
N o 108 e ot e
J% Watar Content,% 15.6 20.4 15.2 ) f r | L t l + e
! = =TT = I P R 007 .005.009 .0°9.0377 200 o 5 X € § & 3E Ja 14 2 € N
EE-ME( - _,EE‘.E__.: 80.0_; 82.¢ g "'L_U"E rEns u.S,ST2.8ERTES | INCHES | :
- givoig Retio 0,353! 0.298] 0.6 Bu\:ln:: | SANG I SRAVEL . _:
- Saturation. % - .-,”m‘u 100.0 [100.0 SYuB| Sk Jﬁj_lsSliLE{LlﬂH BLACK, GRAVELLY SAND (SM).
' [T N
3 Sgecimen Diometer, 0| <0 l 4.0 STWPLE — - - —] :
- 2= - - PL | === | e siian. LABORATORY FAERII:ATED SAMPLE.
v = Back Pressure.pst 50.0 ! 5U D {» sn 0 "1 v —
i E [Test Tome fo 7 T 7777 ' e ;
LT = lealiurn qun, O 9 18 e 56 [v.87[n 0 T E.SAMPLE FABRICATED T0 APPROX{MATE AVERAGE |
[ wohe oty 5.45 5-5{[ 5.73 KAVE INPLACE DAM NO_ 3 DENSITY CONDITIONS. Coi
= ] DRAINED Ko CONSOLIDATION-UNDRAINED SHEAR SAMPLE P
=| WA WAHLER] COAL REFUSE DAM FAILURE TRIAXIAL TEST RESULTS N B
3 = | & ASSOCIATES Saunders, Y. Va. PROJECT NO. gate SHEET NGO, ’ : #
PALD ALTQ - NEWPORT SEALH - LALIF. Q700 Noy, 1972[Fip, R=p A= T
Sheet 15 of 15
: P co
C - - - ) - e - - —_ L]
N S - - ¥ e o




FIGURE B

SUMNARY
OF
PERMEABILITY TEST DATA

i . . Any veID WATER DEGREC OF SATURATION COEFFICIENT
2 e et SERSITY | RATID CONTENT il PERITADILITS
Bty % “ NI AL SURIHG TIST {ca sec”
+ ] I0.672.0 ML 57 3 0. 665 427 93.0 100.0 450107
4 75 0770 ML 56.3 0.618 37.9 87.8 100.0 13T
P 5.0-77.0 HL §3.5 0. 854 40.3 94,8 100.0 3.0x10%7 L
7 i0.0-12.0 S 8.7 9. 223 1.6 86.4 100.0 1. 1xi04 i
" 20.0-22.0 SM 87.7 0.281 14.9 95.8 100. 0 1 1x1p ‘
~ | 55.0-56.3 SN 53.7 0.650 41.9 87.5 100.2 1.9x10~ .
7 | 55.0-36.3 SH 5..8 0.617 ad 2 100.0 100.0 i 5xigt .
sl oain SH 370 0.370 3.8 1 863 i00.0 57510 :
: | a5 pes7 o pe 50 0 669 £.3 | BLO 100.0 i hae :
5 | 55 0aET.5 ML 2510 0.51¢ 4.5 i 97.1 100.0 T
6| 770735 ML §7.5 0.85¢ NS R T 100.0 1 3x1078 '
0| EL.~80.5 SH £4.5 1.000 573 1 596 100.0 3. 400~ :
B 80056 ML 58.5 0.872 40.8 85.7 100.0 6.0r1075 3
ity 35.0-37.2 Sk 103.4 0. 87 120 100.0 100.0 3.051075 )
"1 85.0-87.0 WL 58.5 8. 435 375 100.0 100.0 1421078 :
300320 | N 91.8 3. 224 1. 89.5 100.0 ¢.5x1g~7 3
Toros.0-Ene S 724 .50 5.8 55.8 100.0 P g i
TP-32 f L 9ed G SN 59 4 3,406 11.3 40.3 100.0 : 3x10d 1:
FP-iDA  3.5ee.% SM 84.5 0.47: 4.8 48.2 100.0 z,mcr-g i
FP=i0B| 3 5% ] es.¢ 3, 257 14.2 100.0 100.0 16107 .
FPa10A| 3.5=2.5 M 7.4 0. 429 12.9 100.0 100.0 1.9x10 i
FP=TiA 1 i.2+3.1 N 101.8 0.385 10.4 50.4 100.0 g.ax10® E
FP~12A{ &.8-5.B M 85.4 0.574 19.7 8.3 100.0 L i
FP-128| &.8-5.8 M B9.; 0.360 18.5 100.3 100.0 1.0xi0=¢ v
FP-i28{ 2.8-5.5 SM §1.1 0.527 17.1 100.0 190.0 §.4x1073
FP-1eA] 3.3-¢ 3 H 105. 3 5.308 1.7 45,5 100.0 §.6x10™° o
sP-i2a] 5545 SH 7.7 0.282 1.0 180.0 190.0 4. 2x10=d L
FP-12A] 5.5z SM AN 0.25 9.2 100.0 100.0 i.7x1p78
&= | coMgiNeD SH 35,4 {.350 10.3 55.7 100.0 g.2xif~s
®UNIFI1ED SDIL CLASSIFICATION SYmg0L
NQTE DRY DENSITIES AND WATER CONTENTS SHOWN RTPRESENT CONDIT!ONS AFTER SET-UP AND
APPLICATION OF A SMALL CONFINING PRESSURE IN THE LABORATORY TRIAXIAL SHEAR E
APPARATUS, AND 00 NOT NECESSARILY COINCIDE W:!TH !N-SITYU COND!TIONS 1
WA WQHHH R FIGURE B~7
§ ASSOCIATES 161 Sheet ! of | :
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APPENDIX C

SUFPORTING DATA

This Appendix contains a number of tables and figures that present
significant data used or compiled during our investigation, bur which
were inctentionally removed from Volume 1 of the report in order to

avoid unnecessary text ipterruption by basic data inclusions.
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FEATURE YEAR 1960 1961 1962 1963 1964 1965 :
: - MACTIVE
REFUSE 3ANK ACTIVE (NOTE 1} (ROTE 2)
DAM NO. 1 :
POOL 1 | I ]
DAM NO. 2 v
POOL 2 2
DAM NO. 3
POOL 3
DAM NO. 4
POOL 4
1060 1961 1952 i963 1964 1865 ;
CALENDAR OF DAM AND POOL .
MIDDLE FORK :
1960-1972
NOTES: (1) REFUSE BANK ACTIVE = RECEIVING COAL REFUSE. REFUSE DAMK WAS ACTIVE SIHCE 1347. ?
(2 REFUSE BANK INACTIVE = MINES CLOSED,
(3) REFUSE TAMK GEMERALLY INACTIVE = MOST OR ALL DF THF COAL REFUSE OUTPYT BEING
USED TO CUILD GR ENLARGE DAMS. OR PLACED ELSEWHERE.
(4) THE PATTERH OR REFUSE PLACEMENT CAUSED THE REFUSE SANK TO COALESCE WiTH DAM NO. 1 z
SOMETEIME CETWEEN 1960 AND 1962. 1T THUS DECAHE FUMCTIGMALLY A PART OF DAM NO. 1 HORIZOKTAL -
AT THAT TIHE. OURING THE PERIDD 1967-1968, THE PATTERN OF REFUSE PLACELENT CAUSED ' i
;HE RE:USE BANK TO COALESCE WiTKH THE LEFT PORT!IGN OF THE DOWNSIREAM FACE OF DAN /12
0. 2 ALSG. ;

(5)

SEE THE ARTIST*S SKETCHES IM THIS CHAPTER FOR A VISUAL REPRESENTATION
OF TH1S SEMUEMCE.

THE TIHMING SHOWN HEREON REPRESEMTS AM INTERPRETATIOM OF THE AVAILABLE DATA AND TESTIMONY.
SOME CONFLICTS EXIST IN THE SQURCE DATA,




1965 1386 1957

1968 1969 1870 1871 1872
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1965 1956 | 1387 1358 1969 l 1970 1973 1977
‘7 DAY AND POOL ACTIVITY
K E Y

© MIDDLE FORK
1960-1972

HOAR1ZOMTAL SCALE:

kOT AN SFFICTIVE

GAl BECAUSE RESER=
VOIR 1S FILLED
WITH SETIMENT

0S:D0
(i e BLUCKIH'
VALLEY AND
ACTING AS A DAU)

Lo e

UNDER
CONSTRUCTION
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QECEIVING
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NOT RECEIVINE
SLUBGE DUE TO
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TABLE C-1

CONSTRUCTION METHODS
MIDCLE FORK REFUSE BANK AND DAMS

FEATURE

SQURCE AMD REPORTED (OR INFERRZD) COMSTRUCTIOM KETHOD

REFUSE BANK

DAM NO. 1

DAM NO. 2

CCNMISS!ON REPORT: TRUCK DUMPING

U.S. CONGRESS. 1972a3: NOT SPECIFICALLY MENTIONED
DAVIES, 1967: TRUCK DUMPING

DAVIES AND OTHERS, 1872; TRUCK DUMPIRG

PARK AND OTHERS, 1872: DUMPIHG

TASK FORCE PRELIMINARY REPORT 1972: TRUCK DUMPING
WALKER, 1972: TRUCK DUMPING SPREAD INTD 20-FDOT LIFTS

COMMISS!OX REPORT: NO DETAILS GIYEN

U.S. COMGRESS, 1972a: NOT SPECIFICALLY COYERED, QUOTES
PARK AND OTHERS (1972).

DAYIES., 19662 TRUCK DUMPING

DAYIES AND OTHERS, 3i972: TRUCK DUMPING

PARK AND OTHERS, 1972: ™“WAS CONSTRUCTED 8Y PLACING COAL
REFUSE PART!ALLY ACROSS THE YALLEY AT A POINT UPSTREAN
FROM THE THEN EXISTING REFUSE PILE. THIS REFUSE WAS
APPARENTLY PLACED ON FIRM GROUND."

TASK FORCE PRELININARY REPORT 1972: QUOTES PARK ARD OTHERS,

1972 (SEE ABOVE}.

WALKER, 1972: *_..BUILT BY ERD OUMPING FROM THE VALLEY
SIDES I ABOUT 20~FOOT LIFTS.™ (THIS DESCRIPTION MAY
REFER MORE TO DAMS 2 AND 3 THAN TO DAM NO, 1.3

COMMISSION REPORT- “DAM NOD. 2... WAS CONSTRUCTED BY
DUMPING REFUSE ASR0SS THE WIDTH OF THE HOLLOW ON THE
DEPOSITS REMAINING IN THE RESERVOIR BEHIND DAN NO. [.*

U.S. CONGRESS, 1972az "...COMSTRUCTED BY DUMPING REFUSE
INTO AREAS OF IMPOUNDMENT WATER AND/OR PARTIALLY
SETTLED COAL WASHINGS."

CAVIES, 19662 TRUCK DUMPING

OAYIES AND OTHERS, 1972t TRUCK DUMPING

PARK AND OTHERS, 1972: "THE...DAM...(WAS) CORSTRUCTED
8Y HAULING REFUSE BY TRUCK...AND OUMPING IT INTO AN
AREA WHICH CONTAINED SILT AND WATER IMPOUNDED EARLIER."

TASK FORCE PRELIMINARY REPORT, 1972: QUOTES PARK AND
OTHERS (1972}, (SEE ABOVE).

WALKER. 1872: “BUILT BY END DUKPING FROM THE YALLEY SIDES
IN ABOUT 20-FOJT LIFTS.

e, A o

WA WARLER
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TABLE C-1 — CONTINUED

CONSTRUCTION METHODS
MIDDLE FORK REFUSE BANK AND DAMS

$a4

FEATURE

SOURCE AND REPORTED (DR EINFERRED) CONSTRUCTION METHOD

DAM NO. 3

COMMISSION REPORT: ' DAM NO. 3 WAS CONSTRUCTED BY END
DUNPING COAL WASTE FROM TRUCKS N CLOSELY SPACED PILES
FROM 4 TO 7 FEET HIGH AND THEN GRADED IN LAYERS 2 TO 4
FEET THICK. THE DUMPING WAS CARRIED ACROSS THE YALLEY
FROM THE RIGHT ABUTMENT DN THE NO. 5 MINE RDAD TOWARD
THE LEFT ABUTMENT... THE DUMPING ¥AS DONE iH THE FORM
OF A SINGLE LIFT (LEVEL OF WATERIAL) WHICH RANGED UP
TO 60 FEET THICK. ONCE THE DAM HAD BEEN CORPLETED
ACROSS THE YALLEY, DUMPING WAS MAINLY ACROSS THE BACK
SIDE OF THE DAN WHICK STEADILY GREW UPSTREAM.'

U.S. CONGRESS. 197Za: 'AFTER THE EMBAMKMENT FOR NO. 3
WAS CONMPLETED ACROSS THE VALLEY BY DUNMPING BVER THE
ENDB OF THE FILL, ADDITIGNAL REFUSE WAS PLACED BY
TRUCKS DUMPING OYER THE EDGE OF THE EMBARKMENT INTO THE
IMPOUNCHENT QR ON TOP OF THE FILL. FOR THE LATTER,
LEYELLING BY A DOZER AND BACKDRAGGING OF THE BLADE.
TOSETHER WITH THE HAULING TRAFF!C, %AS THE ONLY COM-
PACTEON THE REFUSE RECIEVED."

DAYIES, 9660 (DAM ND. 3 NDT BUILT)

DAYIES AND OTHERS, 1972; "IN CONSTRUCTING DAM HO. 3. THE CODAL
WASTE WAS OUMPED FROM TRUCKS (N CLOSELY SPACED PLLES FAOM
4 TO 7 FEET HIGH AND THEN GRADED IN LAYERS 2 TO 4 FEET THICK,
THE DUMPING WAS CARRIED ACROSS THE DAM [K THE FORM QF "LIFTS"
ON SUCCESSIVE LEVELS OF MATERIAL 10 TO 20 FEET THICK. ONCF
THE OAY WAS GLOSED, DUMPING "AS MAINLY ACROSS THE BACK SIDE
DF THE DAM, HICH STEAQILY GREW UPSTREAM. TREES IN THE PATH
OF THE DA CONSTRUCTION “ERE MOT REMOVED EUT WERE COYERED BY
DUMPING. THE POOL AREA ALSD 3AS NOT CLEARED OF VEGETATIDM.
THE SLUOGE ON WHICH THE WASTE WAS DUMPE) %AS ONLY PARTIALLY
DISPLACED AHD HuCH OF !T FORMED THE FOUNDATION OF THE DAMS."

PARK AHD OTHERS, 1372- V“THE ..0DAM._.(WAS) CONSTRUCTED BY HAUL-
ING REFUSE 3Y TRUCK. AND DUMPING [T INTO AR AREA WHICH CON-
TAINED SILT AND WATER IMPOUMDFD EARLIER...RECENTLY. PLACING OF
THE REFUSE WAS DONE OY TRUCKS DUMPING EiTHER DVER THE ENDS OF
THE DA¥ AHD INTO THE IMPOUNDMENTS WHEN POSSIBLE, OR BY DUMP-
ING THE LOAOS ON THE TOP OF THE DAM FDR SPREADING, ®HEN LDACS
WERE OUMPED ON TDP, THIS MATERIAL HAD TO BE LEYELED PER!0D-
ICALLY TD PREYENT 3LOCKING THE ACCESS FOR TRUCKS. THIS ®WAS
DONE BY GRADING THE MATERIAL WITH A BULLDOZER AND THEN "BACK
BLADING' DR SCAAPING THE MATERIAL ¥ITH THE BACK OF THE BULL-
D0ZER BLADE WHiLE OPERATING IN % REVERSE DIRECTION. THIS
PRGYIDED A LEVEL SURFACE FOR HAULAGE. COMPACTION YAS DONE
ONLY BY THE WEiGHT OF THZ BULLDOZER AND TRUCKS AS THEY HOVED
ACROSS THE MATEREAL.M

*
3?
1.
|
:
L

.
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TABLE C-1 —CONTINUED
CONSTRUCTION METHOOS

MIDDLE FORK REFUSE BANK AND DAMS

FEATURE

SOURCE AND REPORTED (OR [NFERRED) COMSTRUCTION METHOD

DAM NO. 3
(COKTINUED)

DAM NO. 4

TASK FORCE PRELIMINARY REPORT, 1972: (QUOTES PARK AND
OTHERS (1972). (SEE ABOYE).

WALKER, 1872: “.__BUILT 8Y END DUMPING FROK THE YALLEY
SIDES IN ABOUT 20~FOOT LIFIS.M

COMMISSION REPDRT: "DAM ND. 4 WAS CONSTRUCTED [N 1859
AND 18 STILL N PLACE...CONSTRUCTED MAINLY OF SHALE
AND COAL WASTE."

#.5. CONGRESS. 1972a: DAM HO. 4 MENTIONED ONLY AS
“STILL IN PLACE.M

DAVIES, 18661 (DAM KD. 4 NOT BUILT)

DAYIES AND OTHERS, 1972: ™...CONSTRUCTED MAINLY OF
SHALE WITH COAL WASTE,.."

PARX AND OTHERS, 1972: (DAM NO, 4 NOT MENTIONED)

TASK FORCE PRELIMINARY REPORT, 1872: (DAM NO. 4 NOT
MENTIONED).

WALKER, 1872: MENTIONS “FOURTH BARRIER™: DOES NOT
GIVE ANY CONSTRUCTION DATA. :

W.A. WAHLER
& ASSOCIATES
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TABLE £-2

DAILY WEATHER CONDITIONS JANUARY 1972
(WEST YIRGINIA)

["1" DENOTES TRACE OF PRECIPITATION,

- — e et

TEMPERATURES SHOWN ARE UEGREES FAHRENHEIT.
PRECIPITATIDN SHOWN 1S IN INCHES.]

LDGAN MAD! SON PINEVILLE
DATE NAX MIN. WAX. WIN, KAX. KIN.
TENP. TEWP. PRECTP. |  7EWP, TENF. PRECP. TEMP. TEWP. PRECIP.
1 44 23 —— 42 22 ———— 43 21 -——
2 0 24 0.80 50 23 0.38 52 22 1.08
3 a0 29 0.18 50 28 0.18 47 28 0.06
4 55 a0 0.23 46 28 0.24 53 27 0.42
5 49 33 1.30 50 kil .07 47 32 1.22
B 34 24 T 32 21 0.03 33 20 ———
7 15 21 ---- 34 20 ——— 34 11 c——-
g 44 20 -—— 42 20 -———- 42 17 ———-
g 49 21 ———— 47 n —— 47 2 -———
10 50 41 0.81 33 40 .33 40 32 0.53
3] 50 44 0.04 61 45 0.10 34 39 ———
12 53 31 0.22 50 28 0.15 80 30 ————
13 62 N ——— 3B 30 -—-- g1 Kkl ————
14 72 it 0.35 71 28 0.25 a7 30 0_49
15 32 17 T 35 I6 ——— 3 14 8.02
1§ 19 -5 ——— 23 -8 -—-- 20 -1 T
11 15 2 ——— 15 -7 - 12 -7 ———
18 44 1 ———— 40 i2 ——-- 40 3 -
19 59 7 6.10 53 18 0.c8 50 13 0.05
24 48 39 0.05 52 38 0.08 42 34 0.10
21 57 40 0.65 58 40 0.39 46 36 1.37
2 51 45 0.0z 48 4] T 39 38 0.06
23 67 43 0.02 85 41] 6.03 [:X] 42 0.04
24 58 46 0.30 62 48 0.34 57 43 0.03
25 716 41 0.33 12 38 0.29 12 38 0.24
26 43 i3 ceee 40 17 ———— 41 i9 ——
27 a0 19 ——— 43 17 ——— 48 18 ——
28 42 186 8.85 7 23 0.60 40 18 1.00
29 39 26 T 37 23 -—— 42 28 T
30 35 26 ———— 38 23 -—— 45 26 ———
31 35 20 —_—— 34 0 T 34 21 T
172
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TABLE C-2 —GCONTINUED
DEILY WEATHER COND!TICNS FEBRUARY 1372
(WEST VIRGINIA) 2
z ["r" neNoTES TRACE OF PRECIPITATION. TEMPERATURES SHOWN ARE DEEREES FAHRENHEIT. :
PRECIPITATION SHOWN 1S IK INCHES.] ‘
LOGAN MAD | SON PINEVILLE
DAT M
) = . PRECIP. T"EA:P'. T"E:‘,;' PRECIP. Tz;xp'_ Sl PRECP.
~ 1 38 18 — 37 m — 3 1 - :
2 a2 18 -——- 42 17 N 43 18 T
3 55 31 0.05 54 28 0.04 45 28 0.12
4 45 18 0.52 44 17 0.42 42 15 0.29 .
- 5 22 " ---- 22 10 T 21 I ----
§ 35 1 — 33 1 — 31 12 — :
7 3 27 0.32 40 24 0.22 35 24 0.32
8 28 10 T 25 7 T 2 3 ——— i
. g 32 12 S 30 7 — 28 4 0.30
h 1 37 2 —- 34 17 - 37 16 -
n 45 el _—- 41 18 — 41 10 -
12 57 12 — 51 23 —-- 52 il
13 40 28 0.92 59 25 0.51 58 24 0.78 )
: t4 51 a0 0.28 40 az 0.28 38 31’ 0.34
15 45 32 — 53 32 53 23 .
16 49 28 ——- 54 25 45 7 :
17 50 25 0.06 41 26 0.08 45 % 0.18
18 43 3 0.10 40 3i 0.10 41 32 0.70 ;
i 19 a1 24 0.34 a2 23 0.30 a1 22 0.2
20 28 19 0.04 21 16 0.18 25 15 0.14
21 6 18 - 33 16 ——- 29 g
22 55 18 0.14 56 18 0.15 43 g 0.18
3 73 45 8 — 42 22 —— 42 25 -
2 49 71 1.41 51 2% .27 41 26 1.33
25 » * 0.41 53 ag 0.52 4 40 0.86
26 68 40 1,90 65 40 1.87 B8 41 1.54
21 50 29 8.95 45 pli 0.08 56 26 0.03
28 57 28 57 28 - 56 28 -
29 7 a1 68 36 --- 85 23 —-
* NOT REPORTED, '
CRIGINAL SAVRCE: CLIMATOLOGIGAL DATA, WEST VIRGINIA
U0 DEPARTMENT DF COMMENGE | LeRUARY. 1072
ENVIRONENTAL DAYA SERVIGE | ADMINISTRATION
WA WAHLER 2 ABLE £z
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TABLE -3
| 4 SUMMARY
WEATHER COND!TIONS JANUARY 1 - FEBRUARY 29, 1972
[PRECIPITATIUN AND SNOW LEVEL RECORDS ARE GIVEN IN lNEHES]
. E DESCRIPTION LOGAN HADI SON PINEVILLE
JANUARY (1=31)
AVERAGE MAXIMUM TEMPERATURE 47.6 46.5 45.8
= AVERAGE MINIMUM TEMPERATURE 26.9 2.2 24.0
AVERAGE DAILY TEMPERATURE 37.3 5.0 34.9
FRECIPITATION, TOTAL 5.08 4.96 B.55
PRECIPITATION, NORMAL 3.76 Q)] ')
_ sNOW, TOTAL e 1.00 0.50
" FEBRUARY (1-29)
AVERAGE MAY!MUM TEMPERATURE 45.0 44.4 43.1
AVERAGE HINIMUM TEMPERATURE 2.7 22.7 21.1
_ AVERAGE DAILY TEMPERATURE 34.4 33.6 32.1
i PRECIPITATION, TOTAL 5.56 6.26 7.30
PRECIPITATION, NORMAL 3.50 (n N
SNOW, TOTAL 2.50 3.20 10.60
FEBRUARY (11-25)
BYERAGE MAXIMUM TEMPERATURE 45.7 * 45.9 43,7
AVERAGE MINIMUM TEMPZRATURE 24.5 * 23.3 22.6
AVERAGE DAILY TEMPERATUR 35,1 34.6 33.2
PRECIPITATIDN, TOTAL 3.5] 3.43 14,70
g DAYS WITH MEASURABLE RAIN 9 g g
FEBRUARY (24=25)
AVERAGE MAXINMUM TEMPERATURE 49.0 * 57. 48.0
AVERAGE MiN!HUE TEMPERATURE 27.0 * 31.5 33.10
AVERAGE DAILY TEMPERATURE 38.0 * 41.8 40.5
PRECIPITATION, TOTAL 1.82 1.79 2.19
FEBRUARY (24~25)
PRECIPITATION, T QTAL 1.82 1.7¢ 2.19

e =FEBRUARY 25 TEMPERATURE DATA MISSING AT LOGAN COUNTY,
(1) NOT DETERMINED

W.A. WAHLER
§ ASSOCIATES
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TABLE C-—4

CHRONOLOGICAL LISTING OF VISITS TO REFUSE DAM NO. 3
PRIGR TO FAILURE

DAY DATE TOME NANE REFERENCE " 0555"":&2';"5;3‘5“ IN
TUESDAY 2/22/12 | EARLY MORKING DANIEL S. YOoL. Iif, p.40 DRAYE ON IMPOUNDMENT.
DASOVICH WATER SEYERAL FEET
BELOW 24 INCH PIPE
TUESDAY 2/22/72 | MORNING EARL G. REEDY|VOL. YI1, p.185] NONE
WEDNESDAY | 2/23/72 | MORNING EARL G. REEDY |voL. v!1, p.165| NONE
WEONESBAY | 2/23/72 | MORNING MARIC YARASS!(YOL. 11!, p.184] NONE
THURSDAY 2/24/72 | MORNING EARL G. REEDYIVOL. YII[, p.168| DAM LOOKED OKAY TO HIH
THURSDAY | 2/24/72 | MORNING MARID VARASSI|vOL. [!1, p.1B4| NONE
THURSDAY 2/24/72 | AFTERNDON DANIEL S. YoL. t1i, p.41 WATER COMING THROUGH
DASOVICH ) 24 INCH PIPE.
TRURSDAY 2/24/12 | 4:00 P.NK. JaCK KENT oL, I, p.i2g PLACED MEASURING STICK
I DAM NEAR DRAINM
PIPE.
ThuRsoay | 2/24/72 BEN TUDOR YOL. 111, p.135| NONE
THuRSDAY | 2724772 | PERtDDICALLY JACK -KENT YOL. I, p.128 | WATER RAISED AN INCH
UNTIL §1:30 P.M, PER HDUR.
FRIDAY 2/25/72 | EARLY MORNING DANIEL S. YOL, I, p.128 WATER LEVEL & FTW [NCHES
DASQY!ICH BELDW TOP OF DRAIN PIPE.
FRIDAY 2/25/12 | 4:00 P.N. JACK KENT YoL. 1, p.128 LEVEL HAD RISE% i® INCHES
IN 36 HOURS.
FRIDAY 2/235/12 ] 5:30 P.M, BEN TUDQR YOL. §ll, p,135] |INSPECTED WATER LEYEL
FRIDAY 2/25/72 | 9:00 P.M. JACK KENT YOL., . p.133 WATER LEVEL HAD BEEN
CHECKED BY MR. KENT AT
REGULAR INTERVALS BETWEEN
! 4500 P.M. AND 9:00 P.H.
FRIDAY 2/23/12 g:00 P.M. ELMER ELSWICK;VOL, !, p.133 NONE ;
FRICAY 2/25/12 10;00-11:00 P.M. | EDBAR PIERSOR|YOL, ii, p. 84 SAW CRACX SIX T9 EISHT
INCHES WIOE NEAR RIGHT
DF DAM, EXTENDING THREE
QUARTERS OF WAY ACROSS.
WATER WAS TEN 70 FIF-
TEEN IN"HES FROM CREST.
NO PIPES IN DAM. CREST
WAS SOFT. SOME BLACE
WATER SEEPING INTO POOL
2 AT TOE OF DAM NO. 3,

# REFERENCES G!VING VOLUME NUMBERS REFER T0 THE HTARING TRANSCRIPT OF THE AD HOC COMMISSION REPORT.
REFERENCES GIVENG APPENDICES REFER TG THE HEARINGS BEFORE THE SUBCOMMITTEE ON LAROR, U_S, CONGRESS. 15728,

WA WAHLER
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TABLE C-4 — CONTINUED

CHRONOLOGICAL LISTING OF VISITS TO REFUSE DAM NO. 3
PRIOR TO FAILURE

DAY DATE TINE NAME REFERENCE™ oasnv#gwusﬁrsn N
FRIDAY V2512 10:00-11:00 P.M.IMR. CHANDLER {¥OL. II, p.8s§ ---
(ACCOMMAN I ED
EDGAR PIER-
SON)
SATUROAY | 2/26/72 12:30 AN, DENNY GIBSON, [VOL. 1, §.192 | ALL THREE YISITED THE DAM
JACK KENT, SITES, 0BSERVED A SLIDE
AND HARYEY IN THE RIGHT SIDE OF THE
PIERSON VALLEY BETWEEN DAMS 1
AND 2 ¥HICK WAS DIVERT
ING WATER INTO POOL 1.
SATURDAY | 2/26/72 |  2:00 A, [MRVEY PIERSOMVOL. 1. p.71 |SA¥ NO PIPES OK DAM
SATURDAY | 2/26/72 3:30 AN JACK KENT  |VOL. |, p.134 |WATER LEVEL RISE INCREASED
T TWO INCHES AN HOUR.
SATURDAY | 2/26/72 4:00 ALK, KENNETH voL. i, p.134 |DIDN°T SEE ANY PIPE
OSBORNE
SATURDAY | 2/26/72 4:30 AN, JACK KENT  [VOL. 1, p.134 |WATER LEVEL HAD RISEN THREE
INCHES IN AN HOUR.
SATUROAY | 2/26/72 4:30 AN, DENNY GIBSON [VOL. I, p.71 |[MESSRS. KENT ANO GIBSON
REMOVED A TIRE FROM ONE
QOF THE DRAINPIPES ON DAM
ND. 1.
SATURDAY | 2/26/72 4:30 ALK, HARVEY PIERSOMYOL. [1, p.71 |SURFACE OF DAM NO. 3 WAS
SOFT. SA¥ NO PIPES ON
TOP OF DAM. SAW NO
WORKMEN AT DAM.
SATURDAY | 2/26/72 B:00 A.M. DENNY GIBSON |VDL. VIIf, p.113 SAW PYPES ON DAM
SATURDAY | 2/26/72 6:00 A.M, KENNETH ¥OL. I1. pp.23,| THD SECTIONS OF 24 INCH
0SBORNE 34, 35, 36 AND| CORRUGATED STEEL PIPE
44, LAIO END TO ENB TO FORM
4070 69 FOOT SECTION ON
CREST OF DAM, PART OF
PIRE TOWARDS REAR OF DAN
PARTLY BURIED. SMALL FLOW
OF WATER QUT OF PIPE, SAW
CRACK 10 FEET WIOE, 30 FEET
LONG. ON LEFT FRONT OF
DAM. WALKED ON DAM, FELT
NO MOVEMENT.

* REFERENCES GIYING YOLUKE NUMBERS REFER TO THE HEARING TRANSCRIPT OF THE AD HOC COMMISSION REPORT.
REFERENCES GIVING APPENDICES REFER TO THE KEARINSS BEFORE THE SUBCUMMITTEE ON LABOR, ¥.S. CONGRESS, 1972E.

W.A WAHLER

& ASSOCIATES

176

TABLE C4
Sheet 2 of 4

P

L
RTINS



-

VA e o ey

B R T

TABLE C-4 — CONTINUED

IIJ

CHRONOLOGICAL LISTING CF VISITS TO REFUSE DAM NO. 3

PRIOR TO FAILURE

DAy

DATE

THYE

NANE

REFERENCE ™

DBSERVATION LISTED IN
TESTIMONY

SATURDAY

SATURDAY

SATURDAY

SATURDAY

SATURDAY
SATURDAY

SATUROAY

SATURDAY

SATURDAY

SATURDAY

2/26/72

2/28/172

2/26/112

2/26/12

2/255/12
2/26/12

2/26/12

2/28/12

2/28/12

2/26/172

6:30 A.M.

6:30 A.NM.

65:30 ALM.

6:30 AWM.

6:30 AM,
G:43 ALM.

7:00 AN

7:00-7:30 A.M,

7:15 A.M.

7:30 ALM,

DANIEL S.
DASOYICH

JACK KENT

FﬂALDL‘IN MULLINS

[FALDDN MULLINS

MELVIN OUBA
BEN TUDOR

BEN TUDOR

MASGN
~-BLANKENSHIP,

IR,
LEONARD LANKAS

BEN TUDOR

YOL. FHI, p.i2

YOL. LI, p. 12

YOL. I, p.195

AFEENDIX A,

! % 1287

fOL. 111, p.201

APPENDIX A,
p.308

YoL. I!1,
p.132, 193
YOL. {1, p.177

voL. 11, p.151

YOL. 1f1, p.I53

WATER COMING THROUGH OYER-
FLOW PIPE. DAN LOOKED
STABLE. CODULD HAYE
DRIVEN ACRDSS DAM.
CRACKS IN LEFT FRONT
FACE OF DAM. CONTEMP-
LATED ANOTHER PIPE ON
DAM.

WATER ONE FDOT FROM TOP
OF COMPACTED DAM. 24
INCH PIPE IK DAM NO. 3
ABOUT 4 FEET FRDM CREST
RUNNING HALF FULL.
CREST FIRM. WALKED
COMPLETELY ACROSS DAM.

WALKED ON DAM, NOT SOGGY.
WATER LEYVEL 4 TD 6 FEET
BELO® COMPACTED DAM.

WATER COMING OUT OF DRAIN
PIPE.

NONE
"DAM HOLDING ITS OWR"

WATER LEVEL 8 FEET BELOW
COMPACTED 0AM. SURFACE
FIRM. ND CRACKS.

WATER HAD KOT REACHED TOP
OF DAM.

WATER AT CREST ON LOW SIOE.
TRASH BAGS CIRCLING LIKE
A WHIRLPDOL OK RIGHT
HAND SIDE OF PODL EEHIND
DAM.

NO DIFFERENCE IN LEYEL
FROM 7:00 A.M,

* REFERENCES GIVING VOLUME NUKBERS REFER TO THE HEARINE TRANSCRIPT OF THE AD MOC COMMISSICGN REPQRT.
GIVING APPENDICES REFER TO THE HEAR!MGS BTFORE THE SUBCOMMITTEE ON LABOR, U.S. CONGRESS. 1972B.

REFERENCES
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TABLE C—~4 — CONTINUED

CHRONOLODGICAL LISTING OF VISITS TO REFUSE DAM NO. 3
PRIOR TO FAILURE

DAY DATE TINE NAME REFERENCE * WSERV#E ;g'l‘l'ﬁ':\-?““ iN
SATURDAY | 2/26/72 7:45 AN, WAYNE GCOOOMAN |YOL. I}, £.232 SURFACE WET BUT FIRM.

WATER G TO 8 FEET
BELOW. OYERFLOW
PIPES FLOWING,

SATURDAY | 2/76/12 7:50 AM. DENNY GIBSON |YOL. 1, p.193 | SAW LARGE CRACKS AND
SLUMPS ON DOGWNSTREAM
FACE OF 0AM NG. 3 NEAR
CENTER. ABOUT 20 FEET
SLUMPED INTO PCOL 2.
TOP OF OAM N0, 3 SOFT
ANL SOGGY. WATER "00Z-
INE" THROUGH LCOSE RE-
FUSE. MR. KENT"S MEAS-
URING STICK SUBMERGED.

SATURDAY | 2/26/72 B210 AM. WILLLAM PEYTUTVDL. v, SA¥ 75-100 FEET OF RIGHT

pp, 226-231 SIBE OF DAM HAD FAILED,
REMAINGER OF DAM SL1D-
ING INTO BREACH.

= REFERENCES GIVING YOLUME NUMBERS REFER T0 THE HEARING TRANSERIPT OF THE AD HOC COMMISSIOR REPORT.
REFERENCES G!YING APPEMDICES REFER TO THE HEARINGS EEFORE THE SUBCOMMITTEE ON LABOR, U.S. CDNGRESS, 19728.
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