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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 informatiorn consisted of field mapping, sub-
surface exploration and sampling by means of auger drill holes, field
density tests, fieid permeability tests, aerial photography, vane shear
rests, and cone penetration tests. The locations of most exploration
features are shown on Figure VI-20; Hole BS-19, at the dowmstream end
of the refuse bank is shown on Figure IIT-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 ¢rill hole summary is included here as Table A-1.
Hundreds of photographs were taken during the {ield investigation. The
locations of most of those used in this report are indicated on Figure
A-1; a few photograph locations are shown on Figure IIT-3C. lUnless
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 eguipment 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 5-20 which

was drilled amd sampled continuously with a Pircher barrel of 5-7/8-inch
0.D. (Figure A-2, Photo D). The S-series holes varied in depth from

14,0 to 176.0 feet, and their combined feoorage totaled 1,879.8 feer.

The hollow stem auger holes were sampled at intervals determined im the ‘
field by W. A. Wahler and Associates' representatives. Sampling was B
done largely with such conventional sampling tools as the standard
{3~inch dizmeter by 30 inches long) Shelby tube, Shelby tube with
piston, and the standard split-spoon pemnetrometer (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 penetraﬁion 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 jintervals driven. It is recorded on the drill

hole logs.

The Pitcher barrel, utilizing a Shelby-type tube measuring 4 inches in
diamerer by 36 inches long (Figure A~2, Phote D) was used in hole 5-20
to retrieve larger diameter samples than could be obtained with the
more common Shelby tubes. Non-standard sampling tools included a
"poorboy" sampler (used in hole $-4) which was a discarded Nx immer
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, Phato C.

W A WARLER a2
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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)
materials. When pessible, the 2.5=foor long Shelhy 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 presence of coarse gravel and cobbles in embankment materials

made ir difficulc to obtain undisturbed samples in the embankment.

In fact, attempts to take Shelby samples in this material often met
with complete refusal of penetrition 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 dififcultr 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 piston
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 Shelby tubes were moderarely success-—
ful ia both applications. A discussion of sampling problems and tech-
niques in coal refuse will be included in another report tc the Bureau

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 c¢cored: S-14, 16, 18, 19,

~}
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20, 21 and 22. Figure A3, Photo A, shows typical core. Water pressure
tests were conducted in the bedrock in holes $-3 and S-4. Results of
the rests 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 diameter solid-stem augers. Nearly all of these holes were
drilled to refusal, which was generally taken ro 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 ro provide more precision in delineating 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
irom which the zauger 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 correclation with nearby S-series holes. The total

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

Five P-series pilct 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 peretrated gravel
that the wvane and cone could not, and permitted iLhe vane and cone to
test the sludge material underlying the gravels. Descriptions of the
results of vane shear and cone penetrometer testing are presented
elsevhere in this Appendix. The ﬁotal footage involved in these pilot
holes is 205 feet,

Fourteen FP-series holes were drilled in the left abutment for field
permeabdilicy tests. Mosz of these holes were drilled to shallow depths

with either solid er hollow stem auger. Holes FP-%A through 144 were

W A WAHLER A
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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 wmodified 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 drill hole logs in this Appendix,
~and are sumnarized in Table A-1. Figure A-3, Phorto C, shows the test
equipment set up at hole FP-3A. A1l field permeability tests were

located in the left abutment remnant of Dam No. 3 as shown om Figure
VI-20.

D. FIELD DENSITY TESTS

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

44 field demsity 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 grainm 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

WA WAHLER 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, Wzshler and Associates
personnel, using portable equipment manufactured in Sweden by Jonnell
: & Nillson. The test procedure consisred of mechanically advanecing

a 10 square centimeter come 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

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

vpstream end of Pool 3.

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

: 12 em long by 6 cm wide vane was attarhed to the end rod. The wvane

¢ shear probes were located adjacent to the penetrometer probes in order
i to correlate penetration resistance cto 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.
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Where the equipment did not have to penetrate gravel, the penetrometer
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 friction 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—
metey intervals a shear test was conducted to determine in-place shear
strength of the material. Figure V=15, Photo C, shows the site of
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

through 10.

As a resulr 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 che data not pro-
viding more useful information was a result of the sludge material
exhibiting a dilarency during the application of shearing strain.
This dilatency resulted in the development of negative pore pressures
at the tip of the vane, thus increasing the undrained shear strength
by some unknown amount. Simdilarly, the vertical slip coupling
associated witn the penetromerer equipment was not effective in
separating the total and tip penetration resistance. The reasons
for this are thought to be associated with (1) the relarively low
in-place densities, (2) the low undrained shear strength, and (3)
absence of any cochesion 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

total penetration resistance versus depth.

J=n
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F. BACKHOE PITS AND BULLDOZER TRENCHES

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

areas to expose shallow contact relations and materials for observation.

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 do. 3 and in the refuse bank near hole S-4.
The trenchzs cxposed the coal waste for detajled 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 egquipment operators, were provided by the Paul J.

Rayburn Companv, a subcontractor from the local area.

G. AERIAL PHOTOGRAPHY ANLD TOPOGRAPHIC MAPPING

Aerial photography and the associated ground control were subcontracted

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

vertical sterec coverage were flown as follows:

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

black and white
color
In addition, the subcontractor made available from his fiies 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',
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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

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

the

H. GEOLQOGIC MAPPING

Geologic mapping was done intermittently from April thrcugh September,
1972. The inirial efforrs were concentrared 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.
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PHGTD A, CME~45 DriLL R1G USING HOLLOW
STEM AUGERS ON Hote S-1.

PHOTO C. SPECIAL DOUBLE-LENGTH SHELBY TUuBE
BEING REMOVED FROM SHELBY HEAD, HOLE S-§.
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PHOTO B. STANDARD TENETROMETER TEST IN
HoLe S-2.
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PHOTT 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 PemeasiLity TEST
SET-UP  FLOAT VALVE KEEFS CONSTANT HEAD
IN HOLE; WATER LEVEL IN BARREL IS READ
PERIODICALLY IN S!GHT TUEE
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PHOTO B. STaNDARD PENETROMETER RECOVERY.
HoLe =11,

PHOTO 8. FPORTABLE VANE SHEAR EOUTPMENT
IN USE ACJACENT TG HOLE S~4. THE ORILL
RIG DRILLED A PILOT HOLE FHROUGH THE
REFUSE DUMP 70 THE UNDERLYING SLUDGE
FOR THE PORTABLE £QUIPMENT.
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PHOTC A. DBACKHDE 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 A-5.

PHOTO C. Pit 7, craver oF DAM NO. 3 over- PHOTO D. ExPLORATORY BULLDOZER TRENCH
LYING SLUDGE OF PogL 2. SEe aLse PiT 7 tN LEFT ABUTMENT REMNANT OF DAM NO. 3.
L0G IN FiguRE A=G. F1ewd Dewsitr TEsT BEING SET UP IN

MIDDLEGROUND .

Y
N
3
!

WA WAHLER
& ASSOCIATES FIGURE A-t
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SUFFALD CREZK, DAM ND.Z, V-1
PREDRILLED HOLE AT 5—4 TO 52.0 FEET
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PV-2

BUFFALD CREEK DAM NO.3

e Al

i
NO PENETR4TION RESISTANCE
FROM 0-11.5 FEET r
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DAM NO. 2 ENBANKHENT
GRAVELS POOL NO. 2 SEDIMENTS.

PIT NO. 1

NORTHEAST WALL

RESERVOIR SEDIMENT OF POOL NO.2.
SAND; BLACK; VZRY THIMLY BEDDED;
CRY TO SLIGHTLY DAMP; VERY LDOSE.
BEDDING SLIGHTLY CONTORTED, SE
O1PS PREVAIL. SANDY GRAVEL: BEDDING VAGUE. FIT
N CUT AT RIGHT ANGLES 70 STRIKF OF
GRAVEL=-SAND CONTACT

PIT NO. 2

NORTHEAST WALL
N50% 4

BOG. N50E. 250w

BDG. NEOUE, 2E°NW B0G. E-w, I5°s
gnc. M35%¢, 210w

UPSTREAM FACE OF

8BS, N37CE, 129Nw
DAM NO. 2

PSS

T \,i\_“\::\—*"”*""—

PHOTD B, FIGURE A4

APPROXIMATELY §0% SAND
IN VERY THIN BEDS AND
20% CLAY IN BEDS 172
70 4!l THICK.




S510W
POOL NO. Z SEDIMENTS.
SAND (90%) IN THIMN BEDS; e
BLACK: ORY TO MOtST
RBOVE ®.L.: VERY LOOSE.
CLAY AND SILT (10%) IN A
FEW BEDS 4P TO &' THIEK:

MQ1ST; YERY SOFT.
ST B06. Nas”%  a3” Hy

806, N50OZ_ 24%m¥

- B

F—PIT WALL CAVED ——

-
WL 1/11/72

PIT NO. 3

NORTHWEST WALL

(PIT CUT SUB-PARALLEL TO STRIKE QF
BEDDING, STRUCTURE OF SEDIMENTS
1S DBSCURE LAAGELY FO& TH1S REASONM.)

CONTACT, SENERALLY $AKD, GRAVEL; LOGSE T0 VERY
NigoW, 4595W, LOCALLY 150E: DAMP, A FE® SOUTH DIPS
A5 STEEP AS 60-700. AT 10-30% PRESENT ON FLAT CLASTS.

5. N37°E, i9ONW

POOL MO, 2 SAND;
NO STRUCTURE

-~ RPPARENT.
PIT NO. 4
NORTH WALL
SECALE
0 o 10 FEET
HORIZONTAL = YERTICAL
SEE SHEET 3 FOR NDTES AND ABREVIATIONS.

, I : “r3c
. H ACK i P
: I WA WAHLER BU{\L REFUSE DAN FAIL:RE BACKHOE PiT LOGS 5
. & ASSOCIATES SAUNDERS. WEST VIRGINI PROJECT Ko, BATE [ Ficurs no,

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

SHEET 1 OF 3
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- PIT NO. 5 5506 PIT

-— EAST WALL - SOUTHWEL
1-1/2% YELLOW T '
CLAY SEAN. ‘/ ciC :80°w, 485y ’ ' .

SPOOL NO. 2 STDIMENTS; 90% SANDY GRAVEL: VERY LCOSE: GRAVELLY SAND: SLIGHTLY DAMP:
SANT (BLAGK, LOOSE, SLIGHTLY DAMP TO MOIST. MO PREFERRED VERY LOOSE. SOME TENJEMCY FOR
DAMP) AND 10% CLAY IN SEAMS ORIENTATICHS OF 8EDDING SE RIPS AT ¥008-200,
gl 121 THICK (SCFT, DAWP, FEATURES.

YELLOW-BROWN ).

. PIT NO. 6

— SOUTHEAST WALL DUE N :

eTe N25%, 25°SW POOL

(0N 0pPOSTTE WALL BLAGK:
o M o

ETE 15 NGO, 24831, GRAVELLY SAND: SOME PREFERENCE DAMPS.

FOR CRIZLTATION OF GRAVEL CLASTS

T0 BE SUB-PARALLEL T0 THE SEDOING

OF THE RESERVDIR SANID.

FRACTURE N70°E, 74°NE,
LINES UP WITH TOPOCRAPH!C
BREAX EXTENDING SEVERAL
TENS DF FEET.

\

BOG N5D9W, 35ONE BDG N50°W, 14°5W,

o o RESERVGIR SEDIMENTS FROM POOL NO. 2
8DG NS5TW, 1278 SAND WITE A FEY SILT AND CLAY BEDS
(10 3% THICKNESS). SAND IS BLACK,
LAMINATED T6 VERY THINLY BEDDED,
URY TO SLIGHTLY DAMP, LOOSE T0 VERY
LOOSE. SILTY CLAYS ARE MOIST AND
VERY SOFT, GENERALLY NARK GRAY;

ONE BED 1S YELLOW-BROWN.




=
r PIT NO. 7
— NSTOW, 379SW OM
SOUTHREST WALL FLAT BOTTOM OF
GRAVEL CLAST
ﬁﬁg;EL ﬁéga,fPSQQX; BOG_N_859E, 17°S.
) ‘j B0G.N759W, 1705

SAND, SLIGHTLY CAMP;

3E.  SOME
AT #99=-209.

DUE N
e

TENDEMECY FOR

PIT NO.

EAST WALL

POOL KO. 2 SEDIMENT:
BLACK SANG; SLIGHTLY
DAMP: LOBSE-

W.L. 1713772

POCL NO. 2 SEUIMENT; BLACK SAND;
BY TO SLIGHTLY DAMP; LOOSE TO
RELAT{VELY UNDIS-
TORTED BEDDENG WITH SOUTHERLY 01PS

VERY LOOSE.

PHOTO £, FIGURE -A=d

OF 152009,

8

GRAVELLY SAND; NO PREFERRED
ORIENTATION.

¥.L. 2713572
SCALE
19 by 10 FEET
[——— =]
HORIZONTAL = VERTICAL
SEE SHEET 3 FOR NOTES AND AEREVIATIONS.
WA WAHLER COAL REFUSE DAM FAILURE BACKHOE PIT LOGS el
& ASSUE’AIES SAUNDERS, WEST VIRBINIA SROTECT Moo IYET: TreTeE n
PALO ALTO NEWPORT BEACH cALLr 8700 NOVEMEER 1872 A-B
SHEET 2 OF 3
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$409¢

POOL MO, 2 SEDIMENT; SLIGHTLY
CLAYEY AND SILTY SAND; VERY
LOOSE: SLIGHTLY 0AMP.

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

TREE TRUNK na-‘—"’lz

ERANCH.

B0C NSO9E, 24%cE On
YELLOW CLAY LAYER.

PIT NO. 5

SGUTHWEST WALL

N4QS¥

GRAVEL, SLIGHTLY SAMDY ANMT CLAYEY,
AENERALLY AORTZIONTALLY 3EN3ED: LCOOSE
Td YERY LODSZ; NAMP 70 MOIST. \

MIDSLE
FORK

———

M 03T E: PIT IS FREE CF STANDING
WATER AND SEEPS EVER

GRAVEL W!TR RED DOE THOUGK MIDDLE FORK 1S NEARI

GRAVEL WITH RED 0DG

PIT NO. 10

NORTHEAST WALL




N410W

IDIMENT; SLiGHILY
(ILTY SAND; YiRY
TLY DAMP.

SAND SLUDGE "RAFT', CONTORTED
SEQUING GENERALLY DIPPING
30% OR LESS. SLIGHTLY DANP,
LODSE TC VERY LOOSE.

GRAVEL, CLEAN; NG BLACK SAND:

’ HORIZONTAL BEGDINE: DAKF TD

WET: VERY LODSE.

PIT NO. 11

NDRTHEAST WALL

%

8

¥

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

: : CLASSIFICATION (SEE KEY TC DRILL HOLE LOGS

i . IN THIS APPEHDIX).

i 2. AGBREVIATIONS: BOG = BEDZING ATTITUDE

CTC = COXTACT
¥10GLE 3. FIRST FIGURE OF BEBOING ATTITUDE (S THE STRIKE,
o SECOND FIGURE IS THE DIP. EXAMPLE:

. FORK BBC_NSGE, 34 $E = BELUING ATTITUDE: STRIKE

a NsD%E, S1P 34°%E.

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

BUGH MIDDLE FORK 1S NEARBY.

¢ ) SCALE

: 10 0 10 FEET

| — — |

HORIZONTAL = VERTICAL

WA WAHIER COAL REFUSE DAM FAILURL BACKHOE PIT LOGS o0
&ASSUEIMES SAUNDERS, WEST VIRGINIA TTTLETS — —
" PALD ALTO  NEWPORT BEACH  CALIF. 0700 NOVEMBER 1972 =B
B SHEET 3 OF 3




TABLE NO. A-1

DRILL HOLE SUMMARY

[FDR NOTES AND ABBREVIATIONS. SEE SHEET 2 OF 3]

DEPTH T0.. (f1)
HOLE DATE(S) gg;:: SOIL | BEDROCK ]ELEV;}N N LOCATHON
n IRILTED ctoy | SLUOSE [ Toe i suprce | CCFET
§=1 4.9-8.172 41.9 N.E. 29.0 32.5 [764.5 | DAM NO. 3, LEFT ABUTMENT
2z 4 6-12 72 56.0 N.E. 39.0 43,9 1763.6 | DAW NO. 3, LEFT ABUTMENT
k| 4 13=-18 72 £5.0 N.L. ? 47.0 1762.5 | DAM NO, 3, LEFT ABUTMENT
4 4.19-5 § 72 126.0 58.0 111.0 113.0 1692.0 | DAM NQ. 2, REFUSE BANX
i 6 25~27 12 111.8 56.0 95.0 100.5 1690.0 | DAM NO. 2, NOSE REMNANT
6 5 8-10 72 31.5 33.0% J4.0E¢ 3B.9 1706.0 | 9DAM NO. 3, RIGHT CHANNEL
1 5 12-18 72 106.0 28.0E 80.0%¢ B83.0 1702.0 | DAM NO. 3, CEMTSP CHANNEL
8 5 17-18 72 86.0 32.90 §3.05] 70.0 1707.0 | DAMNOQ. 3. LEFT CHANNEL
9 3 10-22 72 105.0 34.0 ? §6.0 1702.0 | DAM MQ. 3. CENTER CHANNEL URSTREAM
iQ 5, 24=8 2 j2 1720.0 715.0 ? 108.5 1701.8 DAM ND. 2, CENTER CHANNEL DOWNSTREAM
11 6.5-9 72 120.5 78.8 118.0 112.0 1703.0 | DAM NO. 3. CENTER CHANNEL DOWNSTREZAM TGQE
12 |6 28,7 10~t4 72| 174.0 N.E. N.E.?[ 28.D i750.0 DAM NO. 3, RIGHT ABUTHMENT
13 7.13-18 72 119.0 N.E. 4.0 102.0 1657.0 DAM NO. §. LEFT ABUTMENT REFUSE BANK
14 7°18~24 712 115.5 34.0 104.0 115.3 1682.0 POOL 2
15 7 1825 72 76.0 1.9 N.E.?7 ~.0 1897.0 POOL i
16 1721 12 81.5 88.0 80.5 B1.3 1700.0 | 3™ NO. 3. CeNTER CHANNEL DOWNSTRCAM
17 724-25 72 10.0 33.0 N.E. 80.0 1700.0 ; POOL 2. LEFTSIDE
18 7 21<28.72 56.5 65.5 N.E. N.E. 1695.0 POOL 2, CENTER, UPPER END
13 7 25-28 72 70.0 48.5 N.E. E6.0 1688.8 POOL 2, RIGHT SIDE
28 7 27-28 172 14,1 N.E. N.E. N.E. 1763.0 DAM NO. 2. LEFT ABLTMENT
21 12172 85.9 50.0 N.E. N.E. 1761.0 DAM NO. 3, CENTER CHANNEL DOWNSTREAM
22 731172 41.5 40.0 N.E. N.E. 1701.10 Day NO. 3, CENTER CHANNEL DO¥NSTREAM
TOTAL . occcoe e f1878.8
BS-1 37272 34 N.E. | ~28.0 31.4 1763.4 | DAM NO. 3, LEFT ABUTMENT
2 52172 28.5 N.E. ~24.0 26.5 1764.0 UAM NO. 3, LEFT ABUTMENT
3 5272 5.7 N.E. I =220 25.17 1784.3 DAM NO. 3. LEFT ABUTMENT
4 5272 28.0 N.E. ~23.0 26.0 1769.0 DAM NO. 3. LEFT ABUTMENT
3 5272 37.0 N.E. ~35.0 Y] 1696. 0 DAM NO. 2, REFUSE BANK
B | 52.6:2372 | 81.0 | ~60.0 | ~79.0 | ~80.0 | 1694.0 [ AM NG. 2. REFUSE BANE
7 52.6:24°72 | 125.0 ~80 0 95 | 100F 1693.0 | DAM NO. 2, REFUSE BANK
8 5272 15.0 K. N.E.7 | 10~I5E | 1705.0 DAM NQ. 3, RIGHT CHANNEL AREA
9 53,1072 37.5 ~30.0 ? 67.5 1704 .0 OAM ND. 3, CENTER CHANNEL AREA
10 373.18°72 89.0 7 7 BS.0 1704.0 BAM NO. 3. CENTER CHANNEL AREA
11 5372 58.0 N.E.7 54.0F 58.0 1716.0 JAM NO. 3. LEFT CHANNEL AREA
2 5272 9.3 N.E 35.0F 39.5 17280 DAM NO. 3. LEFT CHANNEL AREA
13 5°2,11,12 g1.0 ~30.0 BO.SE 81.0 1706.0 OAM NO. 3. CENTER CHANNEL AREA
| 531112 895 | 2 lopger! 99.5 |1700.0 § DAM NO. 3. CENTER CHANNEL AREA
13 57372 40.5 N.E.? ? 40.5 1702.0 ! DAM ND. 3, RIGHT CHAHNEL AREA
L
LAY ]
WA WAHlErH St TABLE -t
& ASSHUM[S Sheet 1 af 3

A .S



ty

iy

P

3]

TABLE NO. A-1 — CONTINUED
DRILL HOLE SUMMARY

DEPTH T0...{11) i
TOTAL ELEVATION
HOLE DATES(S) AT LOCATION
DEPTH soIL BEDROCK -
NE. ORILLED (tey | SLUDBE L ygp’ L syreace | Creyt '
BS—1§ 53,72 46.5 7 ? 46.5 | 1709.0 | DAM NO. 3, RIGHT CHANNEL AREA
7 3°3.11.72 845 ? 7 B4.0F | 1698.0 | DAM NO. 3. LEFT CHANNEL AREA
18 3372 38.5 N.E.? ? 38.5 1720.0 | DAM NO. 3, LEFT CHANNEL AREA
19 718,72 20.9 ---- ? I 20,58 1 150000 TOIEIREEFKREFUSE BANK AT BUFFALO
TOTAL {occcmemcceee 1012.6 ! ’
Pai 5 472 65.0 ‘ 1692.0 | 5" WEST OF S~
2 5.23.72 35.0 1702.0 | ADJACENT TO S-7
k: 5:23,72 35.0 1707.0 | ADJACENT TO -8
4 5323 72 35.¢ 1702.0 | ADJACENT TQ S-7
S 52372 35.0 l 1707.0 | ADIACENT TC S-8
TOTAL |emommemcemee e 205.0 L
NOTES i. FOR LOCATION OF SRILL HOLES, EXCEPT BS-19 SEE FIGURE vi-Z0
B5=13 15 SHOWN ON FIGURE I1i=24
7 ELEVATIONS ARE APPROXIMATE: THEY MAY NOT MATCH THE INDICATED
ELEVATION ON FIGURE VI-20 DUE TO PAD CUT OR FILL.
3 ABBREVIATIONS aND SYMBOLS: N.E = NOT ENCOUNTERED-
€ = ESTIMATED; ~ = APPROXEMATE; 7 = NOT DETECTED OR
JUNENQWN
4. SEE FOLLOWING PAGE FOR FP SERIES HOLES.
3o
e
WA WAHLER THBLE ot
&ASSUE[MES Sheet 2 of 3
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TABLE NO. A-1 —CONTINUED

ORILL HOLE SUMMARY

TOTAL Kano
HOLE OATE(S) DEPTH 20 C
NO. ORILLED ity (cnssec) LOCATION

3] 51272 26.0 2,420 ALL FP-SERIES HOLES ARE ON THE LEFT
24 515 72 40.0 B ABUTNENT REMNRT OF DAM NO. 3 AND
3 5. 24~25.72 10.5 THEIR LOCATIONS ARE PLOTTED ON FiG-
a4 53172 25.0 - URE v1-20.
5 5272 35.5 e
) 11772 15.0 "
74 171872 5.0 2170 } 2 TESTS IN FP-74
74 12072 1.79x10~4
84 12172 15.2 t,35x10~4
gA 7 26-27. 12 4.9 =
104 7 25-25 12 4.5 4.64x10™
114 7 2425 12 47 4.83x10°5
124 17172 5.8 -
134 1872 4.9 2.85x10~4
144 73172 4.2 4.15x16~4

TOTAL | o 205

GRAND TOTAL | oo ceeaeecen 1302.9

* NO USEFUL DATA OBTAINED. SEE FIELD PERMEABILITY TEST RESULTS

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

FIELD PERMEABILITY TEST RESULTS HEREIN

W A WAHLER
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TABLE A-3
PENETRATION AND YANE SHEAR TEST RESULTS

(1) LDCATIDON OF PROBES

LOCATION PROBE KUMBER
PRE-DRILLED HOLE @ DAM NO. 2; S~4 V-1
UPPER REACH OF POOL WD, 3 P~1, ¥-1
UPPER REACH OF POOL NO. 3 P=2, V-2
UPPER REACH OF POOL RO. 3 F~3, ¥=3
UPPER REACH OF PGOL NO. 3 P4, V-4
PRE-DRILLED HOLE @ DAM ND. 3: 37 P~3, ¥-3
PRE-DRILLED HOLE @ DAM NO. ¥ S~ P, Ve=if
POOL BEHIWD DAM NO. 4 -1, ¥-1
POOL BEHIND DAM NO. 4 P=2, ¥=2
POOL BEHIND DAM HD. 4 Pa3, ¥-3

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

(2} PENETROMETER TES{ RESULTS

DEPTK TOTAL DEPTH TOTAL
PROBE NO. RES{STANCE PROBE NO. RESISTANCE
" Fi. kgfem? W r FIT. ka/cml
DAM NO. 3 DAM ND. 4
P} 0.2 0.7 3 P-1 2.3 1.5 0
1.0 3.3 3 2.3 7.5 12
1.3 4.3 2 2.8 8.2 17
1.8 3.9 § 2.3 8.5 B8
.8 5.6 1 3.4 1.2 8
22 7.2 10 3.5 11.5 k1]
2.4 1.9 4 3.5 1.8 1
2.6 8.5 7 4.6 15.1 75
3.0 5.8 80 5.8 18.4 8
bz 02 5.3 19.4 2
10 g; l 5.2 20.4 14
i b X 6.5 1.3 1
2.3 1.5 3 -2 0 -3.5 0 - 11.5 8
.4 7.9 10 3.9=-7.0 |15 - 3.0 z
P=3 0.2 0.7 4 P=3 0 -4.5 0 - 14.8 i
0.7 2.3V g 4.5 14.8 6
1.3 4.3 2 3.0 16.4 il
2.0 6.6 2 5.5 18.0 2
2.3 7.5 4 5.9 19.4 7
2.4 1.9 50 5.4 .0 0
6.4 21.0 7
P-4 0.3
. % : 1.§ 25.0 1
1B 9.2 3
2.5 8.2 6
3.0 9.3 3 e
3.1 0.2 90 38
WA WAH’:EH TABLE A<3
& ASSOLIATES Sheet | of 4
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P e TABLE A-3 —CONTINUED
PENETRATION AND VANE SHEAR TEST RESULTS—CONTINUED

(2) PENETROGMETER TEST RESULTS—CONTINUED

PROBE ND. DEPTH RESEg;:IiCE PROBE NO. cEPTH RES.I;USTT:';ICE
- W] e xg/en’ T kg/en?
W RO, 3 TAW NO. 3 GONTINUED

s w1 o 2 P=; 10.9 3.8 2
1.5 1.7 31 12,4 a0.7 2
ii.6 38.0 18 12.7 41.7 49
1.7 3. 4 43 13.0 42.5 32
121 39.7 3 13,4 44.0 7
12.2 400 18 13.5 44.2 50
12.4 £0.7 19 13.7 5.0 2
12,5 41,0 46 1.1 45.2 2
13.3 438 2 14.4 47.3 48
13.4 43.9 50 14.5 47.3 41
3.6 oy 36 147 8.2 b
14.2 46.5 3 151 4.5 %
14.3 46.9 b1 15.4 50.5 41
15.4 50.5 a7 15.6 51.2 2
15.5 50.8 20 16 4 53.8 7
15.3 52.2 18 18, 7 54.8 a0
16,0 52.5 52 7.0 55.8 19
15.2 531 45 7.3 56.8 12
18.3 53.5 20 17.4 51.1 42
16.5 54,1 19 mr | s 42
i6.9 55.4 55 1.8 58.4 22
171 56. 1 32 8.2 59.7 %
1.2 56.4 53 18.5 §0.7 e
17.8 58.7 22 18.7 61,4 52
18, | 59, 4 55 19.1 62.7 2
19.0 62.3 2 9.2 83.0 32
2.0 §5. 6 a1 20.2 §6.3 18
20.5 §7.3 % 210 66. 9 2
2.8 71.5 50 21.1 . B9.2 Kii]
22.0 122 2 21.8 70.9 18
22.2 72.8 20 21.8 71.5 80
7.3 | 134 a5
2.7 115 75

(3) VANE SHEAR TEST RESULTS

OEPTH TAT =
4" VALUE VANE (OEF, SHEAR STRENGTH
PROBE NO. TEST NO. " [ ET. N, psiZIN. pst
. DAM NO. 2
; " [ 208 | 85.6 2.59 1300 3370
82 21.0 68.9 2,78 1300 3620
-3 71,9 71.3 2.98 1300 3870
3
( REMOLDED) 21.9 1.3 1.40 1300 1820
v $4 7.1 75.8 1.5 1300 2770
55 24.0 78.8 1.69 1300 2700
55 24.9 3817 1.85 1300 1360
55
2a. 1.7 .
(REHOLDED) 9 0.82 1200 1070
* SHEAR STRENGTH = "I" YALUE x VANE COEFFICIENT. SEE APPENDIX &, SECTION E FOR INTERPRETATION.
WA WAHLER - sy TABLE A-3
& ASSOCIATES S Sheet 2 of 4
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TABLE A-3 --CONTINUED
PENETRATION AND VANE SHEAR TEST RESULTS—CONTINUED

(3) VANE SHEAR TEST RESULTS—CONTINUED

PROZE ND. TEST NO. - BETTH — Halt vaLue "‘:E‘j?:” SMEAR STRENGTH *
DAM NG. 2—CONT INUED
¥-1 -7 78.0 B5.2 1.10 1300 1430
CONT, $-8 21.0 88.5 1.4 1200 1510
| 28.0 81.9 1.34 1200 1748
s-8 0
(REWOLDED) 28. 91.9 1.08 1380 1400
510 78.0 95.2 1.87 1308 2430
=1 3.7 97.5 kIR 1300 4080
DAM NO. 3
¥-1 Sl B 3.3 0.44 1300 570
-7 2.0 5.8 0.73 1300 gs0
-3 3.0 5.8 3.2 1300 4240
&3 3.0 2.87
(REHOLDED) 9.8 1300 3736
59 15 1.5 4.03 130C 5250
v=2 1 L0 3.3 0.3 1300 510
§~2 1.9 5.2 g.78 1300 1010
5-3 2.2 7.2 0.62 1300 818
3 2.2 7.2 £.45 1300 0
{REMOLDED) ’ 3 5
¥-3 1 1.0 3.3 0.66 1300 860
$2 2.0 8.6 Ny 0.59 1300 800
$=3 2.3 8.5 4.2 1300 9520
§-3 2.9 4.07
(RENOLDED) 9.5 1300 5280
V=4 81 1.0 3.3 0.55 1300 120
$-2 1.8 5.9 7.81 1302 1050
83 7.8 3,2 3.3 1300 4070
§=3 2.8 2.52 1300 280
(REMOLDED) 8.2 2
V-5 $-1 11,0 36.1 3.65 1300 4750
St 13.2 43.3 1.83 1300 2380
83 15.0 48.2 2.85 1300 3760
-3 15.0 2 1.70 300 210
(REMOLDED) . ‘ 2
$a 16.5 54.1 2.02 1300 2620
35 17.8 58.4 3.5+ 1300 4550+
[ 18.1 58.3 3.5+ 1300 4559+
-6 18.1 59.3 3.5+ 1300 4550+
(REMOLIED)
V-6 51 1.2 3.7 3.40 1300 LY
52 12.5 41.0 1.53 1300 -~ 1980
$e3 14.8 48.9 3.48 1300 4530
33 14.9 2.04 1300 0
(REMOLDED) 4.8 0
* SHEAR STRENGTH = A" VALUE x VANE COEFFICIENT. SEE APPENBIX A., SECTION E FOR
W.A. WAHLER INTERPRETAT ION. TABLE A-3
& ASSOCIATES AD Sheet 3 cf 4
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TABLE A-3—CONTINUED
PENETRATION AND VANE SHEAR TEST RESULTS—CCNTINUED
i (3) YANE SHEAR TEST RESULTS~CONTINUED
PROBE NO. TEST NO. m DETH — At YhLoe ”‘::’f:’:" SHEAR STRENGTH T
DAM KD, 3— CONTINUED
. V& $-4 16.0 52.5 .55 1300 ' 4520
. 5 CONT. §5 8.1 59.4 2.42 1300 3150
. 56 18.3 6.1 3.44 1300 4470
6 18.2
(REHOLDED) 63.3 1.63 1300 2150
DAN ND. 4
V-1 51 2,0 6.6 0.21 1300 210
Ss:g 2.4 7.8 1.41 1300 1830
(REMOLOED) 2.4 7.9 0.26 1300 340
V=2 §-1 1.0 3.3 0. 18 650 160
52 2.0 6.5 0.11 650 70
3 4.4 14.4 0,32 650 210
53
(RENOLDED) 4.4 14.4 0.19 650 120
5~ "6.1 20.0 0.61 6§50 400
$-5 7.5 24.8 3.93 650 2560
Y3 &1 2.9 6.6 0.10 1300 130
5-2 4.2 13.8 0.25 1300 325
53-_; 6.0 19.7 0.80 1380 1040
(REMOLOED) 6.0 19.7 0.62 1300 812
S=4 6.9 22.8 2.48 1300 3220
* SHEAR STRENGTH = ”l“VILUE x VANE COEFFICIENT. SEE APPENDIX A, SECTION E FOR INTERPRETATION.
s
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Test #1

I. Data Compilation

A. Interval 65.0-66.0

HOLE S=3 WATER PRESSURE TESTS

Gravicty Head: 70 feet

PSIG = 25
Gallons Cumulative
Minute No. Taken Gallons
1 0.5 0.5
2 0.7 1.2
3 0.7 1.9
4 0.7 2.6
5 0.5 3.1
6 0.6 3.7
7 0.5 4.2
8 c.6 4.8
9 0.6 5.4
10 0.5 5.9

PSIG = 100, other data same as above

Gallons Cumulative
Minute No. Taken Gallons
1 - 2.6 2.6
2 2. 5.2
3 2.4 7.6
& 2.5 10.1
5 2.5 12.6
& 2.4 15.0
7 2.4 17.4
8 2.3 18.7
9 2.4 22.1
10 2.3 22.4
Test #2

B. Interval 60.C-65.0

Gravity Head: 72.5 feer

PSIG 25
Gallons Cumulative
Mingute No. Taken Gallons

1 5.9 5.9

2 6.0 11.9

3 5.6 17.5

4 5.6 23.1

5 5.7 28.8

6 5.5 34.3

7 6.6 40.9

8 5.4 46.3

9 5.5 51.8

10 5.3 57.1

11 5.4 62.5

12 5.3 67.8
W A WARLER
& ASSOCIATES

0700

Interval 65.0-66.0
Gravity Head: 70 feet
PSIG = 50

Gallons Cumulative
Minute No. Taken Gallons
1 0.7 0.7
2 0.7 1.4
3 0.¢ 2.3
4 0.7 3.0
5 0.7 3.7
6 0.9 4.6
7 0.6 5.2
8 0.7 5.9
g 0.8 6.7
10 0.7 7.4
PSIG = 25, other data same as above
Gallons Cumulacive
Minute No. Taken Gallons
1 0.4 0.4
2 0.4 0.8
3 0.6 1.4
4 0.6 2.0
5 0.7 2.7
-] Q.6 3.3
7 0.7 4.0
8 0.6 L. 6
9 0.6 5.2
10 0.6 5.8

Test #2 Continued: PSIG = 50,Gravity

Head: 72.5 feet, Interval 60.0-65.0

Attempted test at 50 PSIG but packer

would not hold - or injected warter

travelled from the test interval
through fractures to enter the drill

hole above the top packer.

Test

terminated, packers reset for Test #3.
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HOLE $§-3, WATER PRESSURE TESTS——Continued

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 .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
8 8.6 52.G 6 10.6 62.5
7 8.5 60.5 7 10.5 73.0
8 8.4 68.9 8 10.6 83.6
9 8.3 77.2 g 10.8 94.4
10 8.4 85.6 10 10.6 105.0
PSIG = 75, other data same as above Interval 60.0-656.0
Gallens Cuymulative Gravity Head: 73 feet
Minute No. Taken Gallens PSIG = 25
1 13.3 13.3 Gallons Cumulative
2 13.6 26.9 Minute No. Taken Gallons
3 13.7 40.6 1 6.5 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 4401
10 13.6 136.3 8 6.4 50.5
Note: 75 PSIG = Max. pressure £} 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
=) 0.0%
6 0.04
7 D0.05
8 0.03
g -
10 -

Gravicy Head 55.75 Fr.

Cum.
Total
0.15
0.30
0.40
0.52
0.58
0.62
0.67
0.70

by

Minute

No.

W~ bW N

10

PSIG 50

Gals. Cum.
Taken Total
G.45 0.45
0.35 0.80
0.40 1.20
0.55 1.75
0.30 2.05
0.40 2.45
0.01%* 2.46
Q.34 2.80
0.45 3.25
0.20 3.45

Note: guage pressure fluctuated

* Guage pressure gradually builet

@ 25-30 to 60 psi; was cut back te 50 psi
at beginning of minute no. 7.
Ic PSIG 100 g PSIG 25
Minute Gals. Cum. Minute Gals. Cum.
No. Taken Total No. Taken Total
1 10 10 1 0.8 0.5
2 2 19 2 0.7 1.3
3 11 30 3 0.7 2.0
4 10 40 4 0.7 2.7
5 10.5 50.5 5 0.6 3.3
Holding Test
Pressure,psig Time, sec.
100 0
50 5
25 30
10 70
> 150
0 210
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- HOLE S-6, WATER PRESSURE TESTS—Continued

o 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 o} 3 0.0 0.5
3 0.0 0 4 0.0 0.5
5 0.0 0 5 0.0 0.5
Iic PSIG 100 Iid 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 o 2 0.0 0
3 0.0 0 3 0.0 0
4 G.0 0 4 0.0 0
5 0.0 0 5 0.0 0
Holding Test
Pressure, Time,
PSIG Minutes
110 Q
100 1/4
95 1
85 2
82 3
77 4
75 5 end test.
sy
e
W.A. WAHLER
& ASSOCIATES
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UNIFIED SOIL CLASSIFICATION SYSTEM (ASTM D-2487)
MAJOR DIVISIDNS SRauP TYPICAL NAMES
- = = W WELL-GRADED GRAVELS AND GRAVEL-SAND MIXTURES, LITTLE 03 MO
55 _ Zz 6 £ INES.
e s 3 == op POORLY BRADED GRAVELS AND GRAVEL-SAMD MIYTURES, LITTLE OR
w = 232a & & KO FINES,
— = & = — =
= = =< -
= = E =85 2zg oM SILTY GRAVELS, GRAVEL-SANO-SILT HIXTURES.
= ¥ @« === ===
¥ =9 ® e S GC BLAYEY GRAVELS, GRAVEL-SAND-CLAY M|XTURES,
— (=3
- =3 &
E =g S = za W WELL-GRADED SAMDS AND GRAVELLY SANDS, LITTLE OR NO FINES.
= = _ w -
£ w?d w s 2Lz =P SP PEOALY GRAGED SANDS AND GRAVELLY SANDS, LITTLE OR NO FiNES.
= 2 ZE-G <
Rl R 2= SK SILTY SANDS, SAND-SILT HIXTURES.
E s = 2=
2o @ e sC CLAYEY SANDS, SAND-CLAY MIXTURES.
HL IHERGAKIC SILTS, VERY FINE SANGS, POCK FLCUR, SILTY OR
- o o CLAYEY FINE SANEDS.
. v = S=.-% cL IHORGANIC GLAYS OF LOW TO MZ0IUM SLASTICITY, GRAVELLY CLAYS.
= 2 =2 ==52 SANDY CLAYS, SILTY CLAYS, LEAMN CLAYS.,
= o> o - S
- E oL CRGANIC STLTS AND ORGANMIC STLTY CLAYS OF LOW PLASTICITY.
[—]
= g < WE INORGANTC SILTS, MICACEOUS OR DIATOMACEOUS FINE SANDS 0R
= 22 o o =B : SILTS, ELASTIL SILTS.
=] s s v 2 —Z=w
- s = o= S==z LH INORGANIC CLAYS CF HIGH PLASTICITY, FAT CLAYS.
= 2 o« -"EE
he OH ORGAN!C CLAYS CF MEDIULM TO M!39 PLAST!ZITY.
HIGHLY ORSANIC SOILS PT SEAT, MUCK AND OTHER HIGHLY ORGAMIC SQILS.
FBASZD ON THI MATZRIAL PASSING DEFINITION OF TERMS
HE SN {I5-HA) STEVE. GRAIN SIZES GLEAR SQUARZ SFEVE OPENINGS
U.S. STANDARD SERIES SIEVES " = :
200 50 16 4 3/ 3" 12"
S -
R BRI R SANG SRAVEL COBBLES 30UL3ERS
PLASTICITY FINE T meorum COARS™ FINE | CBARSE
MOISTURE COMDITION {INCREASING MOISTURE —m—1 I SANDS & GRAVELS
CRY SLIGHTLY JAnMP DLHP ROIST VERY NOIST WET (SATURATED) RELATIVE DENSITY BLOWS/FOOT¥
fPLY (LL)
SAMPLE NUMBER COLUMN WODE COLUMN REMARKS COLUMN P YERY LOOSE 0-4
TYPE OF SANPLE COM- HETHOD OF ADVANGING NUNBER OF BLOWS REQUIRED Lo0sE 4-10
TAINER: HOLE: /. . T0 ORIVE SAMPLER IS
ORILL - SHOWN FOR EACH 0.5' OF R MEOIUM DENSE 19-30
o PENETRATION AS FOLLOWS®
BAG ... ... ..., .. B HOLLOW STEM AH P 17/22/23 FOR A TOTAL §° BENS: 30-30
AUGER.. . .vvununnn |
AR ] SPIN AUGER ......... SA 1.5 FEET: N = 57 BLO¥ .
................ ROTARY DRILL oo v on RO ?UgN;gsO?UHHED FOR LAST VERY DEMSE BVER 50
SHELBY TUBE ........ S CABLE TOOL .uvvreens £1 - : .
RECOVERY RATIO INDICATED
LINER (TUBE) ....... L SAMPLER BY A FRACTION: . CLAYS & SILTS
4RAPPIO CORT ....... W DRIVE 37D PENSTRO- | 1.2 _ soorck mecovemes [ CONSISTENCY |BLOWS/FOOT®] STRENGTH®
BOX oo, X gg';rEcHER SARREL .... 55 1.5 FODTAGE SAMPLED VERY SOFT 0-2 0-%
i 1o P
PITCHER TUBE +vcvass PR PUSH . . P TER?.l‘[éNATED HOLE: SUFFI- :?:; o8 N f
CIENT INFORMATION 0B- - 3=
PISTON  ..v v ernneen PST TAINED. STIFE 81 1oz
VERY STIFF 16-37 2-4
HA4RD OVER 32 OVER 4

* NUMBER OF BLOWS OF i40 POUND WAMMER FALLING 30 INCHES TO ORIVE A 2-INCH 0-0. (1-3/8 [NCH 1-0.)
SPLIT SPODN(STANDARD PENETROMETER).
3 ygMCONFIMED COMPRESSIVE STRENGTH IN TONS/2Q, 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
L133 - - -
1255 168 92.8 17
1305 - - -
1405 228 126.8 19
1421 - - -
1521 288 161.56 18
1536 - - -
1636 34§ 198.6 17
1648 - - -
1718 378 216.0 16

Coefficient of permeability from nomograph:
o -4
KQGOC =256 ft/yr or 2.42 x 10 *cm/sec

ol
0y
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TEST HOLEZ NO.:

LOCATION:

LIOLE DIAMETER:

TESTED ISTERVAL:

DATE OF TEST:

FIELD PERNEAMETER TEST RESULTIS

FP-24A

Left abutment remmant, Dam No. 3.
6"

Not Tun

May 15, 1972

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

too large for practical testing of a 6" hole.

The hole took 6.1 gpm for

approximately 1 hr. with the water level stabilized at the top of the

mravel.

W.A. WAHLER
& ASSOCIATES

The water did not rise into the casing.
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FLELD PERMEAMETER TEST RESULIS

TEST HOLE ¥0.: 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 inconsiscent.

Eole was
abandoned and data not processed.

N

(9
@
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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.
4"

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

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

TESTED INTERVAL: 30.0 to 35.5 feet

DATE OF TEST: June 2, 1972

Remarks: Could not establish and maintain 2 water level just abcocve 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.

i
)
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FIZLD PERMEAMETER TEST RESULTS

N TEST HOLE NO.: FP-6A

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

TESTED INTERVAL: 10.0 to 15.0 feet

DATE OF TEST: July 17, 1972

Remarks: 9200 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 PERMEAMETER 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
TME 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 271 141.0 29
1520 378 169.0 30
1627 445 196.0 29

Coefficient of permeability from nomograph:

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

W.A. 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

A

i

DATE OF TEST: July 20, 1972
TIME WATER VOLUME WATER TEMFERATURE
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 57.0 26
1300 258 79.0 29
1406 324 87.0 27
1506 384 115.0 29
1613 451 132.5 29
1845 483 142.0 29

Coefficient of permeability from nomograph:

Kygo o = 185 fr/yr or 1.79 x 107 cm/sec

WA WAHLER
& ASSOCIATES
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FIELD PERMEAMETER TEST nESULTS
- TEST HOLE NO.: FP-8A
LOCATION: Left abutment remnant, Dam No. 3.
HOLE DIAMETER: 4"
- TESTEE INTERVAL: 9.1 ro 15.2 feet
DATE OF TEST: July 21, 1972
- TIME WATER VOLIME WATER TEMPERATURE
! CLOCK ACCUM, ACCUM. FLOW
(hrs) (min) (gal) (degrees )
1055 0 0 28
1110 15 3.5 28
1125 30 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 nomogzant:
Koo ¢ = 140 ft/yr or 1.35 x 1074 cm/sec
S
£
s £6
W.A WARLER 0700 NOVEMBER 1972
& ASSOCIATES

. . . mn e erw e s o m [T g R -
PP i - .



BT T LR

,

N TEST HOLE

LOCATIOS:

FLIELD PeRIEAETER TEST RiSULTS

H0.: FP~94

Left abutment remnant, Dam lic. 3.

HOLE DIAMETLER: Ln

TESTED LJTERVAL: 1.2 to 4.9 Feet

DATE OF TEST: July 26-27, 1972

Remarks:

WA WARLER
& ASSOCIATES

Water s2ep abserved in hillside 13" from hole. Elevation of seep is
2,5" bhelow tep of water in hole. Amount of f{lew was about the same
as flow into hecle. e test was terminated.

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

crude travel time test performed on July 27, 1972, Flow tce the seep
was re—established and a head of 2.45 feet was maintained., Yed 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 ro 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 cecler
appeared at the scep 17.0 minutes after the dye was put in the hole.

i
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TEST HOLE NO,:
LOCATION:

HOLE DIAMETER:
TESTED INTERVAL:

DATE OF TEST:

TIME

CLOCK ACCUM,
(hrs) {min)
926 0]
1026 60
1126 120
1226 180
1326 240
1426 300
L1526 360
1626 420

800 (7/26) 1354

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)
0
1.4
2.5
3.7
5.3
6.6
8.0
9.4

29.7

Coefficient of permeability from nomograph:

K09

W.A. WAHLER
& ASSOCIATES

—a s

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 INTERVAL:

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 PERIUEAMETER TEST RESULTS

FP-11A

Left aburment remnant, Dam No. 3.
4"

0.7 to 4.0 feet

July 24 and 25, 1972’

WATER VOLUME
ACCUM. FLOW

(gal)
Q
1.4
2.6
3.5
4.7
6.1
7.4
8.7

10.1
30.4

Coefficient of permeability from nomograph:

KZOO ¢ 50 ft/yr or 4.83 x 1075 cafsec

W.A. WAHLER
& ASSOCIATES

0700

WATER TEMPERATURE

(degrees C)

27
27
27
28
29
30
30
31
32
25
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FIELD PERMEAMETER TEST RESULTS

TEST HOLE NO,: FP-12A

LOCATION: Left abutment remnant, Dam No. 3,

HOLE DIAMETER: 4" ) ‘
TESTED INTERVAL: 3.8 to 6.8 feet ;

DATE OF TEST: July 27, 1972

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

Could not establish a vater level in the casing.

%
@
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TEST HOLE NO.:

LOCATION:

HOLE DIAMETER:

TESTED INTERVAL:

DATE OF TEST:

o CLOCK
(hrs)
1145
1215
S 1215
L31s
1345
1415
4 1445
1515
1545
1615
L 1645
7
»
»
T W.A. WAHLER
& ASSOCIATES

. B
L L

TIME
ACCUM.
(min)

30

60

90
120
150
180
210
240
270
300

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

COEFFICIENT OF PERMEABILITY FROM NOMOGRAPH:

K00 ¢

= 295 fr/yr or 2.85 x 10™% cx/scc

0700
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WATER TEMPERATURE

(degrees C)

21
21
21
22
22
22
22
22
22
22
22
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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
& ASSOLIATES

TIME
ACCUM.
(min)

15
60
90
120
180
287
307
367

FLELD PERMEAMETER TEST RESULTS

FP-144A

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

July 31, 1972

WATER VOLUME
ACCUM. FLOW
(gal)

0
2.4
9.3
14.2
24.1
34.1
&4.2
54.2
64.1

Coefficient of permeability from nomograph:

K00 ~

430 ft/yr or 4.15 x 1074 cm/sec

G700

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,
o
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 Saunders, West Virginia.

The purpose of this investigation was to study the scil engineering
characteristies of the various materials in order to determine the
in-place soil engineering parameters necessary for use in these
analyses. To this end, the laboratory testing was conducted employing

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

Various bulk and undisturbed samples used in the laboratory invesrti-
gation were obtained during rthe course of the field investigatrion

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

drill hole logs, variocus undisturbed foundation and embankment 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 diameterx
Sﬁélby-type tubes and the large (50-1b.) bulk samples, were transported

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

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

determinations in conjunction with triaxial tests. ALl other tests

WA WAHLER B-1
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reported herein were completed at our main laboratory in Palo Alto,

i ) 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 density (FD)
number if the sample was cbtained by means other than rotary drilling.
Additionally, 2 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 soil 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.

7 The USCS is based on a recognition of the various types and significant
: distribution cf 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
f 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 rriaxial testing. Moisture content and density data were also deter-

mined on additional samples for correlation. Each sample was trimmed

-,
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to c¢btain 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
Ttemperature, which deviates from the specified 210°F in ASTM, was

necessary te 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

prasented on Figure B-1 and alsco with the individual triaxial results.

2. Grain-Size Distribution

The gradation characteristics of selected samples of smbankment and
foundation materials were determined in accordance wirth 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 rctained 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.

hexameraphosphate was used as a dispersing agent.

Sodium
The graln~size
distribution test for samples tested are presented on Figure B-2,
sheets 1 through 25.

3. Atterberg Limits

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 Atterberxg 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.

WA WAHLER B3
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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. 1In addition, bulk Specific Gravity determinations were cop—
ducted on the Field Density samples containing az substantial amount
of plus 3/4-inch size material, using ASTM Method Cl27. Ome bulk
Specifie Gravity was also conducted on the combined sample A-1, 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 compacrtion test results.

C. ENGINEERING PROPERTIES TESTING

The engineering properties testing constituted 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 determine the moisture-density

relacrionships 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
foor (Fr-1b/ft”) by reducing the number of lavers to 3 and the number of
blows per layer of a 10-1b. hammer to 15. For the coarse-grained
materials, it was necessary to scalp the totzl sample on the 3/4-inch
sieve prior to performing the compaction tests. Compacticn test resulrs,
togerther with gradation characreristics of rhe marerials tested are

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

WA WAHLER
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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.

Our main laboratory is equipped with a panel of 6 bays, with individual
pressure contrel to each bay, such that the 6 triaxial samples can
simultanecusly be saturated and/or consalidated at different individual
pressures. The portable laborateory trailer contains 3 bays for 3
individual samples. Other than this ninor difference, the two lazbora-—
tories possess the same triaxial testing capabilities, Bleceding air
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 diameter
Pyrex sight tubes, each with a cross secrional area of 0.0767 square
inches, which connect with the base of the triaxial cell, znd 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 bday,

triaxial cell and strain contrel testing machine is shown in Photoplate
B-1.

a. 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

trimming 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 Figure B-6,

sheets 1 through 15.
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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 V(QL-
UNE CONTROL FOR THE TOP, BOTTOM, AND 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-
fabricared 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 thar 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 average
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 intc the sample umtil a given
weight of soil occupied a known volume. The sample was compacted im 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 predetermined average
dry density obtained as explained previocusly 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 Consolidation ~ After fabrication or trimming
and initial weight and volume measurements were completed, the samples

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

P B I T . e et T . e
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STAGE ].==SAMPLE 1S FABRICATED BY Stace 2.—REMDOVAL OF MOLD AFTER
KNEADING COMPACTION INTD 7§ COMPLETING SAMPLE FABRICATION.
or 4.0'" DIAMETER MOLD USING FIVE OVERCOMPACTED ZONES ARE PRE-
EQUAL LAYERS. VENTED BY SCARIFYING EACH COM-

PACTED LAYER.

Ve

.r'*'- \/é:/ ©>
STAGE 3. —SAMPLE 1S MOUNTED ON STaGE 4. —SAMPLE IS ENCASED IN A
PEDESTAL OF TRIAX!AL CELL. FILTER RUBBER MEMBRANE AND SECURED 70
STRIPS MAY BE REQUIRED TO SPEED BOTTON PEDESTAL AND TOP CAP
UP CONSGLIDATION T!ME OF IMPER- with "0" RiNGS. DRAINAGE LINES
VIOUS SOILS. LEAD FRGHM TOP AND BOTTOM OF
- SAMPLE TO EXTERNAL CELL CONNEC-
TIONS.
<
e
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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 watexr, fitted with & l1-inch diameter stainless steel piston
for load application, and transported to the saturation 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 te
determine whether the back pressure zpplied 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 saﬁuration, 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 top 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 filter paper, placed along
the sides of the specimen during set—up, ‘were used to accelerate the
consolidation process. Oace consolidation was complete, the samples
were failed iv an undrained ccndition with pore pressure, axial load
and sample strain monitored as described in (d) below. The results

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

2. Ko, = Tests - The Ko-anisotropic consolidation was performed
in 2 drainmed condition using strain control techniques. 7Zhe 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 volume
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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 consolidated 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.

Ad

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

leoading at a constant rate of strain while maintaining a constant miner
£ principal stress. The rate of strain selecred for sample failure was
dependent upon the materials comsolidarion characterisrties. The failure
machines used both in Pale Alto 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

-

et

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

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

A4

of consolidaticn and confining pressure.
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3. Permeabilicy Tests

Permeability coefficienrs for selecred 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 ia the tube was then separated from the finer
ML material (Figure B~2, sheet 6). The coarser material was then
compacted into a 4-inch diameter clear lucite tube to the approximate
average dry densicy (51 pef) of rhe sludge material. The sample was
then saturared by allowing it free access to water atr the bottcom 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 begen to rise in the tube
and the migration of material, through a system of branching "pipes,”
was clearly visible. The "pipes' continued to enlarge amd the moving
material had the appearance of boiling.. The condition of piping
described above physically substantiated the theorerical critical

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

FIGURE B-1

SURMARY
OF

AND DRY UNIT WEIGHTS

HOLE SARMPLE DEPTH MATERIAL wATE™ CONTENT 3Ry WEIGHT
NO NO (e} TYPE €3] (pct)
2 $—4 73.0-25.0 EMBANKMENT, DAM ND. 3 1.3 80.3
2 $-4 73.0-75.0 EMB ANKMENT, DAM NO. 3 4.2 80.5
2 S~ 23.0-25.0 EMBANKMENT, DAM NO. 3 5.9 77.4
3 §=5 25.0-27.0 EMBANKMENT, DAM NO. 3 8.7 75.8
4 §2 10.0-12.0 EMBANKMENT, DAM NO. 2 . 8.7 83.7
: 5-6 30.0~32.0 EMBANXMENT, DAM NO. 2 8.2 108.5
4 S-7 35.0-37.0 EMBANKMENT, DAM NO. 2 10,3 84.2
4 S-1 35.0-37.0 EMBANKMENT, DAM MO, 2 8.5 90.7
] §-12 §8.0-70.0 FOUNGATION, POOL 1 SLUDGE 42.8 45.0
4 5-12 68.0-70.0 FOUNDATIGN, POOL 1 SLUDGE 26.4 41.7
4 5=12 68.0-70.0 FOUNDATION, POOL 1 SLUDGE B4.8 47.8
4 513 70.0-72.0 FOUNDATI0%, POOL 1 SLUDGE 49.2 51.1
4 513 70.0-72.0 FOUNDATION, POOL 1 SLUDGE 50, 1 43.8
] §-13 70.0-72.0 FOUNDATION, POOL 1 SLUBGE 38.2 58.7
2 PST-5 715.0-77.0 FOUNDATION, POOL | SLUDGE 38.3 55.6
4 PST-5 75.0-77.0 FOUNGATION, POGL 1 SLUDGE 44.9 82.4
5 55 55. 0-67.0 FOUNDATION, POOL ! SLUDGE 57.1
5 -5 65.0-67.0 FOUNDATION, POOL 1 SLUDGE 45.3
5 §-7 75.0-77.0 FOUNDATION, P3OL | SLUDGE 41.8 72.0
? $-1 19.0-12.0 EMBANKMENT, DAM NO. 3 1.5 86.7
7 S= 20.0-22.0 EMBANKMENT, D&M X0. 3 14.9 87.7
7 5-2 20.0-22.0 EMBANKMENT. DAM NC. 3 14.5 85.8
7 §-2 20.0-22.0 EMBANKMENT, DAM HO. 3 14.0 90.3
7 $=3 30.0-32.0 FOUNDATION, POOL 2 SLUBGE 47.% 48.3
7 St 40.0-42.9 FOUNDATON, POOL 2 SLUDGE 46.5 48.6
7 55 50,0-52.0 FOUNDATI0N, POOL 2 SLUDGE 0.7 65.8
7 $-5 50.0~52.0 FOUNDATION, POOL 2 SLUDBGE 35.2 58.9
i PST-1 52.0-53.6 FOUNDATION, POOL 2 SLUDGE 31.3 56.6
7 PST-| 52.0-53.5 FOUNDATION, POOL 2 SLUDGE 40.8 53.3
7 S~7 71,1-73.5 FOUNOATION, POOL 1 SLUDGE 38.1 65.0
7 57 71.1=75.5 FOUNDATIGN, PROL § SLUDGE 46.8 48.5
8 $-2 20.0-22.10 EMBANKMENT, DAM N0. 3 13.6 §2.0
g PST-~2 55.0-51.0 FOUNDATION, POOL 2 SLUBGE 412 487
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 38.8 54.7
g §5-1 45.0~48.0 FOUNCATION, PGOL 2 SLUDGE 1.3 49.8
g $5-28 55.0-57.0 FOUNDATIGN, POOL 2 SLUDGE 42.5 54,1
g 8524 §5.0-57.0 FOUNDATIONK, POOL 2 SLUDGE 67.7 48.5
g SS-24 55.0-57.0 FOUNDATION, POOL 2 SLUDGE 38.7 47.4
g §5-28 57.0-59.0 FOUNDATION, POOL 2 SLUBGE 49.6 55.8
9 $5-28 57.0-69.0 FOUNDATION, POGL 2 SLUDGE 41.2 52.2
3621 :
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FIGURE B-1 —CONTINUED u
1%
SUMMARY i "
of 3
IN-SITU WATER CONTENT AND DRY UNIT WEIGHTS §
i3
ROLE SAMPLE DEPTH MATER{ AL WATER CONTENTj DRY WEIGHT J ;
NG, NO. ) TYPE (§3) tpef) 17
10 N §0.7-62.7 MIXED EMBANKMENT AND SLUDGE 8.4 73.8
10 iy 60.7-62.7 MIXED EMBANKMENT AND SLUDGE i5.9 85.0
i [ BD.7=52.7 MIXED EMBANKMENT AND SLUDGE 10.7 105.0
10 513 77.0-78.5 FOUNDATION, POOL 1 SLUDGE 35.3 §1.5 3
19 =14 BO.0-31.6 FOUNDATI1ON, POOL 1 SLUDGE 34.7 54.5 :
15 5-14 80.0-01.% FOUNDATI0N, POOL 1 SLUDGE Ep 59.5 z
1 5=t 10.0-12.0 DISTURBED EMBANKMENT 13.8 77.8
1 PST~! 35.0-37.0 EMBANKMENT, DAM XO. 3 12.0 103.4 3
1 PST-1 35.0-37.0 EMBANKMENT, DAM NO, 3 ° 10.5 104.5
it PST-1 35.0-27.0 EMBANKMENT, DAM NO. 3 17.8 80.5 :
1 $5-34 85.0-87.0 FOUNDATION, PODL 1 SLUDGE 37.3 56.5 ;
" $5-34 B5.0-87.9 FOUNDATION, POOL ! SLUDGE 45.0 48.4 :
1 $5-3A 85.0-~87.0 FOUNDATION, POOL i SLUDGE 32.0 65.2 ;
h $5-38 87.0-83.0 FOUNDATION, POOL 1 SLUDSE 46.1 59.0
13 31 10.0-12.0 GCB PILE, GOARSE COAL WASTE 8.3 827 ;
13 $-3 30.0=32.0 G0B PILE, COARSE COAL WASTE 1.1 91.8
13 $-3 30.0-32.0 GOB PILE, COARSE COUAL WASTE 10.9 87.1 ;
i3 -t 40.0-42.0 GOB PILE, COARSE COAL WASTE 9.9 110.2 @
13 34 40.0-42.0 GOB PILE, COARSE COAL WASTE 10.7 87.7
13 §-5 50.0-52.0 C0B PILE, CUARSE COAL WASTE 15.8 74.4
15 $-1 36.0-38.0 FOUNDAT{ON, FOOL 1 SLUDGE 33.3 48,5
15 $2 40.0-42.0 RED D0G, BYRNED COAL WASTE 18.3 85.5
15 52 40.0-42.0 RED DOG, BURNED COAL WASTE 18.2 91.5 \
20 PB-1 4.7-5.5 ENBANKMENT, DAM NO. 3 9.7 82.4
20 PB-1 4.7-8.5 ENBANKMENT, DAM NG, 3 12.2 6.8 :
20 PB4 11.5-14.9 EMBANKMENT, DAM NO. 3 18.3 83.1 :
20 PR~ 11.5-14.0 ENBANKMENT. DAM NO. 3 10.4 84.8
FE-0A 1 1.8-3.9 ENBANKMENT, DAM NO. 3 8.0 98.9
FP-0p 5-1 1.83.9 ENBANKMENT, DAM NO, 3 7.8 87.7
FP-10A $-2 3.5~4.5 EMBANKMENT, DAM NO, 3 8.5 83.9
FP-T14 -1 1.2-3.1 EMBANKMENT, DAM NO. 3 8.4 101.4 :
FP-11A $-1 1.2-3.1 ENBANKMENT, DAW NO. 3 8.1 94.3 ¢
FP-124 S 4.6-5.E EMBANKMENT, DAM ND. 3 101 87.5 1
FP-144 $2 3.5-4.5 ENBANKMENT, DAM NO, 3 5.6 105.3
3105
3
B
WA WAHLER FIGURE B-1 %;
& ASSHE[MES Sheet Z af 2 =
o —



——_

§378002

35uv0D 1

INIS

ISHYOD

| wNIOIN [

INtY

T13AVHD

GNVS

(9116¥1d-NOH] 11115 QL (M1svd) AVD

UUe

¢!

el ]

muwumx\m ¥ 8

L1 et -1}

SYILANINTIN
3

NI 373t14vd 10
06§ n2

Owa~ o

HI1INVI0

(1

=-i00Q
490

3
o
&
T

-1$C

0

‘g0

610

N

T IiTd

-1

DRA®ING NO

R=2

Sheet 1 of 25

T T 7 T — 2
_ "\‘ll PRSI SERRRRUTUNY AR - _ B Y N L
.\“l‘ —_————— - ——— - - - R — - — - -d
—_ t e — — - - - ———— - R — — . - - =
e QEENVIINE SN e _ _ [ o B — G
- - T T = N R =] sptlss’ RRuRN ISR S R S w
- [N P I — - N T ol I I oz
i o i el 4.~ A ] s q
= - DU S o B T | o
e e N S \\f\“\\ il gl (e 5
) By S : IR chiasel s . IR SdenlS Bl St e - =
T - > el iy W &
e R e I - - g - R B e e o F
o s e A } - - - R — o £
o I — Z 1 -1 R Eeithbeel e (N 3 fue
e ov B |~
—=g- 4 - - —f— -— \\ - - - — a )=
—-1- 4 R el S - - - - -—-—-4 mla
i o Dt Sy S SR T Z= (e
Z sl |2
dunul I el (o] Il ARSI AN , S (R S B A e =
= S — Y - : - R RS R 1 “iR
o B e o : S =N I
o el el S 2 \\ b - R SRR S Rt B .
N I el SR P S A (S R R R DA I SN (N I Psmpny Mg -
F)
0 S S — {7 Ape—— - - A e )
il it 4 44 s o _ oo i “
s i B ¢§‘ vl R R . Gl it S 2
00 b
A e IS et I TRt it .
iy = ]- - e : -1- : - - 3
— [«1 ]
[ —]— AL — = i T e e -
A l\\llw ——— N P e e - —_ v _ - L @
o — A - AT : E i
0,0 . W/t e /5 ’ e 8| o o 00! 002 NIWH NI NIRE  NRO9 NIAGIUHE N RSP Bl

SONINI40 INVYNDS MY3ITD

SISATYNY  3A3IS

§31936 QyYONVIS €N

$ONIQY3IB IRIL

SISATUNY HILIWOHQAH

[/

Z

0N 0N

Wl W4

G7-t¢

Ge-t¢

*14"H1d30

v=5

h=3

=5

"ON_31dKYS

}:§

1.9

IS

[GHAS" 418S¥10

0L°1

0L°1

(TN

A1TAYH9 3348

COAL REFUSE DAM FAILURE
Saunders, W. Va.

PALD ALT0 e NEWPDRT

b'G

¢y

£'e

9/ IR

N

dN

dN

Id

1

1

R

WA, WAHLER
& ASSOCIATES

iC6

4

*

PR ST

¢ 310H




PO ——— S w’—*""ﬂ:

B R TR AT T2 2t

e R R AT L R AL AT SR o y i YT £ £ 07 B TP AT

I8EV02 | NS IEHYOD 1 CIIST 1 INI4
$370903 TIAVED anvs

SEILINCIA W 2D1[Gvd 10 8123nYI0
h ETINT TR X e a1 065 182 138 »0 w0 810 SO0 W0
1 g,
o3
T LA

, . 600
PR S [N sgglerasl 2 = Mﬁmwmm m ‘m

T T17T — AL LEmen

LOILEYId-HON) 1116 OL (DE6Y ) AYTD

o ®
108
-106
e

]
s 3
T T

oz

[=
«

L
N
b
|
P
P
[
[
|
[
‘V
|
P
[‘I
i
1}
E
(]
I
|
]
B
oo
ix
‘\
y
P
Do ) i P =
th AR RR AR AR v
[
P
|
il
i
B
o
i
‘IV
L
1
1
GRADATIOR TEST RESULTS

i
1T
|
1
+
|t
]
I}'
Torog oy
il
!|1
M
i
it
'\
I
—
|
!
|
I
|
|
D
\‘:
\In
'I
|
I
O
|
[
A
1k
ll
|
[
o
ONISSVYd LN3D¥3d

ORAW I NG NO

Sheet 2 of 25

BATE
NOV. 1972

=
=z
-- - R i R ) 3 ] ) e IR e s - |
Z: D A A : ‘ - S i St Smivuntslitinit S LR
-l = o f e e e e - - -- - — e s|o
[ on =
b p = — e e - — — -— - — —_— — -—_—— - - - _— —_— - - ——n —_———— i —_ a
SNy SN SN GRURURIN (NN (R NN S5 oM SR PR SR I, B [N (SRS RS ||.i.@
] oL
AN - FRRRY P NN DRSS S i SRR - DU P R IR -
e - — - —_ o _—— — - —_——— —— — — -
—1{-t— - f-— | ——- - e B - — = —- i t
1] o
SN - A RS MRS S SRR SSRURURY SRR S R DU SUSR PO S S U S '
) fm— Y Sl ISty S SR S ol S Sl S
oy - ——- R D SN R il LR s I Hateetves
| - RN Sy AU AU (U SNSRI SIS MO SRR SR SE—

L —_ (o]
9.9 af /-0 [T of [ [] 002 KNI NNy KING' N 09 NiNG HHE IR ER HHEE

w »
SONINIO J5¥NDS 5¥313 | 51436 QUYORYIE €N | SONIOYIY I
NY  3JA3IS SISATYNY MILIWONOAH

C “0N I10H

[ 7=C7 ‘14 K140
95 ‘ON I1dWYS
NS [ONAS *4155Y1]
- ALTAYYHD " D3dS

COAL REFUSE DAM FAILURE

e NEWPORT BEACH

Saunders, W. Va.

PALD aLTO

L6 U/k 1V

di Id
7]
11

W.A. WAHLER
& ASSOCIATES

—_— 39

£ 370K



T e mal it R

A S il
N L v Y g Ry ot o vy e AP, .

|

v
B
e

‘ ITUYOD ] INI4 asuvod | nNIgIN | ny .
: $318809 SIAVED GNVE {918 d- KON} LIS OL (J1U6YTa1 AVID

SH3ILIMITUA NI 31UV 4O HILAAVIO
LN L 065 {82 L1208

¥.

= . =00l
ouave| o & 4 N G99
LI TIT

}un_ Fedl _ t 3 1} I'et st
B | | Sedassplp B
LA L 1 T

= -[
-6 &
-1e
-
%
<6 w
-+ -

t

3

. —Eo
B=2
Sheet 3 of 25

e

—vo e
<o
— 20 &
<
&
200
I L]
— sog
*00
—E00
z00
1=
BRAs NG NO

T T T 1 T TT11T T T T TIT T i 4
S I S— — == ] . — LT X
| R R (S O SR W SoR SR S } SRR T Ml plmetsitml A 5
—— | —— ———— ~ R [ v
: = A b - Whh uUMN\;M|1 o
B - - O L s o
- o2 - ~
T oy pai S — Sl Il A pind R SR ) IS bt S B e | -|oy
v =
o — il siasil S Ndbuinl e \\\ B P I [ e s - |
P ot vJ
Pyl P -{- - — = 2
- ] | : B — = S
- S P Tl § - e et i - P .
— d -~ I E: s -1
- P B - - -- = Z1= .| I~
i - e - 3lE [g] |9
_ — P 2 j K sl 2l Lslel -
= AT 1 E T e
iRl i R - - i il R R - zlo
4 oe 3 x
— Shwinl Sinieunl Sonste 1t o] e *
- N SR SURUR N NN S R Z o
- T R EERI r: et o t
[ — B — " oe M b
= it Sl . R el Biehiunit Bl nisinietii thpiialiey 2 e
N o o - - o _ —_ ] -l
. [ . P . N R I . . - - - - M nm z
— \\\\r I = =1 = T = - g |==
S i — il GiCot [ 7 il Gkl (NSENSY Dottiinil il ARRRUSAS SRS NSty IRENEURE SRS MRS Sl Saista et S M = |
K] K 7] 3 /g ) [ [3 0% 00 002 NN NNy HINGl  NiMO9Y [T WY anse .|z
| GONINIJO JHVADE HY11D | £21536 OMYANVIE € 0 | SOMIGYY IRIL a8
SISATYHY 3A2IS SISATYRY ¥ILINOMOAN Bt
0 v b b O TR & 5 o
LE-CL LE=GE 2¢-0¢ 21-01 "13"H1430 da |z
{-5 L-S 9-5 ] ‘08 314HYS S s
IS 5 N NG FERAS J185Y1a :
m. 57 I [4 M === ALIAYHD D34S
! T T 0T T8 a3 IMTINN

h aN N N N Id
,w T
7

WA WAHLER
& ASSOCIATES

— —————— 3

( ¥ 370K

T L

B it TR

e ta



v o TR, PRV

T

v T

e

nOp A T s A

O ——

$3764809

Isuv0d

]

ELLE]

ISHVOD

|

WNnigin

1

ANLJ

JIAVYHY

QNVvSs

(31EV14-NON) LIS OL (3116v14) AYTD

E

13 |

o =

-2

&

SUILININIIN NI )LEVE JO HILINYIO
" é

065

Owovol »

83

& 4

y’

610°

[
N

100

{
“wa

._
3

Ha ®
o
—os

T

1T

B

, b o
“"J:o

DRAWING NO

GATE

1972

NOV.

GRADATION TEST RESULTS

PROJECT NO

0700

' . g B - T | /=// T I S " S fpu—
’ —— ] | e o8
) — I A SRR MDSER DN R IS DN I Sy SRR S A 7]
. = — SR wrvanisl My SRS et eumi S S y
: R — Tl 1: o A RS - iy A S SR R v
i 2o N
SN PSS UU— U PN - . — - Y AR RENRSRGY R JRUD R AN o
. >T’\ —_— e} - ~ - = - _ ——————— \\ m
3 H Z - b IR PERRTRANE SUNDE SR TV T I B S o DU Y S
‘ SRR S v Al i— Y
b— - —_—— ) —-— - - - - - [ SUNINURY SR W PN ———
- = el i B ) 7R Il N S Rt eatores I
S N SN BN SN SN USSR MUY S V4 T i) (Nl A SRR A i—
4 . o9 3
e . _ IR S J— i IR SRR T I U (R S AR S S
————— — — J— J— Y SR (I |—— oS- —_
i T yA
¥ xu
- e—_ R} - SUDURNNNN DU — — . e e o 1|v\ g PUNDNE [U——
- —_ INSSU N RSN S R DU R et (FCama B
—1— _———— —_— —— —— = - —_—— wl o o8
— — -, —
S —— J\D‘i
W S Ty 7 \|Ll¥ll R D SN S l|ll|||JI
— e i e B s o M e B E——
[ SRR [ _ W QU S Lol At S S N R
— —_——— —f e —— |\l ————— — e - —— = - m——— e

W31 e
J9vNds bY1)

SONINIJO

8/E m
SISATYN

v 3A3IS

ot

[+]

£31436 OUYONVLIS §0n

Nimy NN

SISATVNY

T NIWO9
SOKIOVIN IMIL
YIL3INQYAAH

Ninst

001
HHZ HNINEY UHGE

]

Y

“ON 310K

LL-SL

LL=6L

*14°H1d30

§=1Sd

C~1Sd

‘ON_31dWYS

Th

TH

[GHAS" 418SV1

06°1

99°1

ALIAYY9° 2348

COAL REFUSE DAM FAILURE

Saunders, W, Va.

FALQ ALYD o NEWPORT BEACH e CALIF.

6"

LBt

/W 1IN

dN

dN

Id

M

11

A

3

\

W A, WAHLER

& ASSOCIATES

Sheet 4 of 25

49
L

P

N

v

)

%011804
INI3

NCI11HOd
ERL L

¥ 3170H

e N T



- :
S % :
. < 354Y02 1 NS 354 Y0 | IOFEL | N L i
. $318802 TIAVED aNvs (2118¥ Y -NON) LIS OL G_.__:.E;,..Jo }
: SH31INITIN NI 371911HTd 40 BILIAVIQ : R : =
! , 2 fa_ Bu I§s el we 9 o2 61t o4¢ 162 1 . 7 150 610° 600 mc 8 0 e
, S | Ssdassaly 3 S P S T R ssslasg e o 8 88y 58 3 8 z[e
“ Iy vyt v NIty 71 T 17 rIr g vt LI SERNA05 DL DT N 1 Ny vy | — -.N :
| - i I it imsaetull ISy Rl SRR SRR SR SR Sonpag N — = |e
: — —— —— - e e e f— A —— — =
i - JR DR M S ST SR R AP M- A= LU
I e e oy S i e et S IR R R e
. : Ll |
- 7
. 4 v |
' PO — — — |3
.... o€
S I — =
! [ I I o
: —- ——— 2 |-
: o —
— i — 3=
. mio
3 k N - DA P S [ — N b o
3 ; — ———— 0% H z
Lo e l— — = 2 mm
- | [ S— SRV SE— 7 1 o
P 4 0z =@
I 1 _ AR Y 2
- S S P m s
W, - L )
m — . — 06 m vm\-a m
— — = e Sl ey s Semmmt ge— mw. -
* ,4 9.0 . W11 e s 3 ” os % 00l 002 NW RNy NIN6I NIMO® NIRGI YHL z_:nqo%..: - m
< * GONINI&O 3HVYNDE ¥VII)D — £33 OUYANVIS € N _ SONIQYIY INIL ﬁ n “
X ; SISATIVNY 3A3IS SISATYNY HILIWOHOAH 23,
ro y 7 7 p ¥ 7 T g1
" i TL-0L 2L=0L eL=0L GL-BY 0L-8Y 0L-89 *14741d30 g0k
s €1-S €1-5 €1-s Z1-§ Z1-§ 71-g 0K INVS} S |3
: (] T TR JiN IS WS FORAS *415SV19 =
i (0 2A¢ o' 0% T It [45¢ (48} KLTAVHD 9348
, ¢ UL 0% <0y vy 7 9¢ 0 ¢7 3J 1INl c=es
(N PN JN iy IN TN = =
: B ==
; =
: / N &3
. -1
e T - 1 oo
_ ¥ 3704
m_
A - - o o w ¥ ~ . -

Sheet 5 of 25

o

e



IEHVOD | IN 4 361 Y0D | ROIOIA | INL4
§318802 TIAVED anNvs

r SHILINITIM Kl I31J1aHYY 4O HILINYVIQ 500 <00 w0

26! o2 o 069 163 (170 220 L0 810"

3 P N 5283822 ¢ = %3882 3 8 8
T L L LR T RS L. 1

(3118V - NON) 111G ..up 2116¥1d) AVD

100

-400!
106
o8
—6L
~$0B
-106
-0y —
ok
[+24
{01 o
-6 o
-
—14
—19
=< o
T -
—€
2
ot
—6

[ AR SRR S DR DR =Tt
N SURPRNEIG SRR S RN SRR JOSRR DU DL A
o1

03

vvvvvvvvv - IR S . . i - \Qﬂ
RGN ST ANNRS U SN R SN N B 2SN MR 7 s

TN
|
|
i

1‘Y
i
nee
I
|
s
i
|1
it
1
’I
i

[
—
;

1
ol
|
1
i
|
|
!
L
L

|
[

1
ol

|

|
oy
)

i
y

[

I

|

|

I

|

|

|

N\

i

b

|
i NG

.‘y

1

i

II
ONISSYd 1IN3J¥3d

I
|

|
l
|
]
|
|
|
]

[=)
-

DRAWING NO

B—=2
Sheet 6 of 25

DATE
1972

NOV.

GRADATION TEST RESULTS

0700

PROJECT NO

- — = — ==
/ £ oL

0¢

i p— — i Sia— S——— f— o ) E— g e I p— p——
) ——— 7 |- - -
T _ Z N.\\H N NN . _ IS
[ l R S 1 —————ec s e P = NS S S [ S L oo

0.9 . w311 e K73 L] ot oo 00! o002 NIHO LILTY NINBl  "NINOY NINSI ML NIA G uNGe

y
SOMINIJO 34YNDE HY31) | £3)93¢ OBYQNYIS € 0 | SONIQVIY ML
SISATVNY 3A3iS SISATYNY H3ILINOHOAH

S S S “ON_310H
LL=SL £9-69 £9-69 "147H1430
L-§ S-5 $-S ‘0N 31dHVS

N HS il [NAS " 18$¥19
- [e'1 ot 'L ALIAYYD®J3d

BEACH @ CALIF.

@ NEWPORT

COAL REFUSE DAM FAILURE
Saunders, W. Va.

PALD ALTO

- S
9'1Y Y 1°L6 /M LYK
dN dN dN Id
4 4
X4 T

3N

—— ——— G— — ot —— —

WA WAHLER
B ASSOCIATES

NO1180d NO 1404
ISHY0D ELTES

G 3704

[



38HY0D | INIS ICHYOD | nwaigIm 1 INIS
§318d0d TIAVED aNvS

SHILINIA NI 31MIEYE 0 HILINVID
LI Y e 06§ 02 LTTR €0 610 s00
- o] a “ ~» msﬂtu——vc o [ NWW.D. w —.w w m m Wmmm
LN i ¥ 1 TTriT 1 h] LAAD LI ] 1 1

f28vd-HON) 1TIS OL (2106V2d) AV 1D

1 sl iy

36 (3
3 &le
]

%00 200
3 ]

4 OL =~
b d
-{0¢
<40y =
-40%
22

i

100
DRAWING NO

Sheet 7 of 25

p— - ="

72

SATE

NOV,

-

r
€

N
L]
by

T
|\
|
I\
[
A
|
]
i
i
Il‘r
N
{
‘ 1 T
v i
N
\
']
I
|
|
l
BRADATION TEST RESULTS

-

PROJECT MO

_0700

|
1
‘ i
M
\I.
Y
N
|
T
|
!
\
L
4
I\|
..Jll
~
!I\
|
|
|
|:
|
R
|
I
H
|
[
v
I
||
1‘I
(]
il
[
Iy
I
)
il

i
]
]
|
|
|
|
|
i
1.
I
N
{
\]
B¥
|
i
b
- “":“\\;
. ‘\ H
K
P
|
|l
L
I
"z
|
N
il!
9NISSVYd LN3Du3d

i ., FAR P 1 1 . i o1

/2 41 B B S S og

1 |U‘I! m\h.'F -y - oy o e e e o i

1 7 (RN ANV (N Y-, U S N NN SRS (DU S (T SR
A — = - —

. . e I - — === ot e e

) - $/1-1 e K73 v a ot o5 [l [::T) [ILE CILT) EG LT NIWGH HHE NIA S BHSe

$ONINIAO IuVADE HY31D | 3135 OBYONVIS €A | CoKIOvIW Tmi)
SISATYNY 3ADIS SISATYNY H313IWOHAAN

] 7 L / L L "UN 3708
75-05 25-0¢ A ITA Z2-0% _22-0Z 21-01 "117B1430}
GG =5 z-5 2-$ 2-5 1-5 ‘0N T1dMWYS
WS 1:8 ‘I HS 1i8 HS [OWAS ' 4155¥10
~Be'1 Gt 1 [k 07°1 0L°1 = TLIAVE9 3348
£t 7°0¢ o' 71 CH] G o1 911 — O/ IVN
L an dN an dN ar Id
d
1

ciACH w CALIF.

Saunders, W. Va.

COAL REFUSE DAY FAILURE

PALD ALTO & MEWPDR

i
WA WAHLER
& ASSOCIATES

e e e — —_— 1 3

L 370H

-



§378803

IEHY0 |

ELLE]

IEHYOD

LIOUEL)

r

INIS

13AVHD

aNYS

(2118Y - NON) L11S OL (21iEv1d) AV

1
]
¥

A4 o

6l

Owax

068 [

SHIIMINMA N 3TJ1I8Yd ST BILIAVIOQ

14 &rl

| M

S+

DRAWING NO

B=Z
Sheet 8 of 25

=

L1l

KiNg

0ot
HHZ  HIMGb peed

W31 e
SDNINIJO JUYNDS Y31

78 b

SISATVYNY 3A3IS

of

C11HIE QUYONWLE €N

NIn G
SONIOY3Y

L 1L 1]
nn

SISATYNY HILIWOHOAH

[

L

"0N_1104]

CTEL=1tTL

1 W A Nl V2

9'LS~%0

*11"H1d30

L=S

£=5

1-L5d

"ON_31dWys

HS

HS

NS

FIRAS " 415811))

4

7't

A

ALIAVED"3d8

COAL REFUSE DAM FAILURE

[ 2]
. | ad
o i —
—_— PRI U F— - - R . — |- — =
[
- =} == —-1 - =1 N
R [ JOG SRR S R I -l SR (S SN S — oot
— b — ] p— ] — _— - m——e —_——— - . \ B Co - -~ ——— —
T - _ - . - \\ - _ = g e n
0l
— —1- - - - - it ——— = - = \ B ERRb B I e — (] w (O
(SR At i Ryt el e S i) ey b Sl (P el Pataetl S aftudi A = =
- I Y . . ‘\\ [ B £ NS ] — =3 -
— — - A =TI R 0% -
s - \ / - —4 |5 ]| F
- - - DU SR P RS I A28 TR oSSR VR AN AR S o =
ool [ el B ] 1 \ IR { Riuis Sl gusiull uvemmatel mussnu M P9
4 / # ov T 1
F—3-4- -] - - ———}— g -- -4 - = .,\4 . 1.\ —— - --— al=
b | e — | —— T S IRV A A . — e — ] B
] W el RIS St St N BV VA B B B e — il
. [ —— - _ _ I3 — PP [ z
(I O R SR DSt S RN T — - P B AN h- DU N DR Su ol 2|1° b
‘‘‘‘‘‘ | R [ N o 0 /T - _ SRS DA R B w (O
SSE=E e e P A R P e e P s I | I 1
A N A P R S — PRRNY; S DY 4 N . 1 I 1"z a |O
A A U SO SRR el WS RSN PO R BT AN I N ; R S Ly e
) e (el iy edisatud Esbiy A Sy AR Sasr i B . il
b — —[- T e e — .w.\ e I 1 SR (R S S S
—1- Y PSRRI AU SRR RV SR R Sy \ ' Nx T I LT LT w
(et M s et e o / I DR T - :
[ I A R DU SRS I SR N N RS B AR I S USRI AU (R S z
\ \ - Juo [T
[ U SR SR (R SR DAY SR L.m.fﬁ [ SRV IR ANRRADUN BGMIRARNT NDGIR W R D .
AN D-PORRY N Y (VORI (USUURY R PR _ Mml.\@nﬂi [UPSEIT SR RN A IS RSN I _ a
= 08 S
. — e e e e —— h..Csl&q;ﬂXli [ NN [ JEQNENEE NEDNNNE (OUNIS— Sn— e
— oy sty il U A AREg W S [ AR DR SN AR S ®
I ="kt N R S Nﬂu — T z - - .

Saunders, W. Va.

PALC 4LT0 » NEWPORT

g°9%

1'8¢€

£'ec

9/8 T 1VR]

di

dN

dN

ld}

7]

1

HEERR

W.A. WAHLER
& ASSOUIATES

R T kit

i
i

e




P TR L

B N L d

5. LTI, § TR L 4T e

384V0D | N EITRLCE) { antoam | ELTE]
$378609 JTIAVED v anNvs

SYFLINITN N IDILHYD 40 ¥ILINYVIO
't Ly g2 6 06S 182 (14}
"

= "o
a~Nn VBl A u ~ QU@ O & Ui N o

3§

CU<

-00!
-~3O6
. B
5 e
403
-qOt
O =
jos
oz
4O &

1TV T 1 1 TV T T Ll 1T

00
DRAWING NO
2

B
Sheet 9 oI 25

AR S FRNAEY I RN R S i SRR N S DR R N
— ol e Tl —— = —— 3 o
~

DATE

NOV.

SO NSRS DSOS SN A S——

QA

v

1
i
!
1
{
!
|
GRADATION TEST RESULTS

S S S PR S S FOp A IR SSN SRS RO SR S =l
S i NSNS NSO IR N R (Y PG SR S ».‘l.‘l\lLl S5

i
l
|
i
i
|
|
)
[
i1
L
ONISSVd 1N3DH3d

PROJECT NOD

\\
= A == —
_—— e — E ) [ ——— — ———— —4
A NIRRT DU U S N HH\N””“ oy o | T IR S
08
\\\ ) S S SS A SR R (e Sl M S DR B—
" B Il Nttt PR S Anid R Sy m— d DAY USRS SR NUNUSEERSRNY NSRRI

i) 3 7N %3 $8/8 ZaSiRSE B [l — ot 3 00! 002 Nim Ning NIANG  NINO9 Nin S HHL z_:nqo%_.“ﬂ
SONIKIdO THYNOR Y3 _ 631036 ONYONYLS 6 0 _ SONIOYIY Iy
SISATVNY 3A3IS SISATVNY HILINOHOAH

] 8 8 “ON_3108
15-3% 22-02 FENTPEN
¢-15d 7=S "ON_314HYS
KS WS [OHAS° 41$SY1D)
L'l [ ALTAYHD 3348
Z1y 9°E1 I/ IVNY

Id

dN dN

Saunders, W. Va.

COAL REFUSE DAM FAILURE

PALD ALT0 o WNEWPORT BEACWN @ CALIF.

1
11

W.A. WAHLER
& ASSOCIATES

Y S B |

8 370

L * ry H &7 L34 L »” L [ ]




AT

LW | g A T AT L Tt b 1 e ]

- "
SONINIJO 3YYNDE WYY

SISATVNY 3A3IS

£31936 QuYONMYIS £ N

SONIOY3N 3IM)L

SISATYNV HILINOHOAH

I6U V0D 166Y0D RNICIN N4 .
€318902 ...uMdzo _I NV — (J116¥Td-NON) L')1S OL (3116V 1d) AVD
CHILININNIN M1 313MHY4 30 HILINVIO z
|, 26 T_ _am et X.1] 96 oy B 06% 202 (1] ¢ ©
- z
w | wm NMMM 3 B, Sles~a |l 2 w cvo~vol w & ~ 28 9% Hnﬂ.
— L I O A § 4 T NI T 11T —r T r T w <l
—T T I Y S AR RN - - - «
! . [ P R SR R . ] e
————— - — - —_—— —— —— — e ——— - — =
<2
SRR D) N RN SN S SR AT w
PR N R i - o<
.y} _ N &~
- - N
T i — - - - - = v |.|o
sl o - — ——— g — - — e e W — |
T T I - |3]
=
| —— |- T _ — - T ) x m
e [ —]
ol i il S I I T -
oy -
— - — e — —— - - - d R S .ﬁ. -
S - — \\ - --- —_ —_——d mla
. e e e . - - - - = T 4 -
—— - - — - — —_— - — - - — — Ia (=]
os | "lo
— -} e — — —— e — - J S — [1.]
1 f— JA! ORI NNIST i - i) A S R mm
RN P — - R o VRN (SRR RSN R w
b—}—1—— R T - - - MURECR) DUNRNUE, SES ————] @ alo
s 1 08 = >
Y R S R MR SR SR SR R . \\ T UMJ T R *
_ _ [N S DI SUNNI AN
[N S - — = : S—
- - — - \ ot
_ - N SURRYY I, . ¥ NSRS RN S R o
i i — b Y S i B adoi It u
. N [ERNE (EE IR N A e — e o =
T (1] ©
—4——|—- —— | va\;‘.\”wmywwwnwukﬂw e e .
S I Sou SRy S S S S S— R N A — U S R—— 1Y s
b - — e o — g - —— o
_ | . ] RPIE Y A e I PR 4
“III' —— - - I\rl\“ \ - 2 ——— e —f e — - —
| I A —— I BRI Sl g - A B 1 oo
) 3/1-1 e /5 » ] ot [ [T HING  NIROS NIASI ML NimSt amse

6

6

6

ON_ 310K

65-4S

6549

L6-GS

L5=56

‘14701430

1Z=-585

1¢-Ss

VZ=~SS

VZ-SS

"N 314MYS

WS

g

TH

™

BNAS "3158Y10

6t'T

6Ll

[

S

ALTAYEI03d8

¢ LY

97 0%

[ 4°)

EMAT

I8 1NN

dN

dN

dN

id

d

11

b3

v

re

ey

B 3704

Sheet 10 of 25

e NEWPORT

COAL REFUSE DAM FAILURE
Saunders, W. Va,

2aL0 aLT0

W.A. WAHLER
& ASSOCIATES

LA



35k vod |} Ny I54Y0d | WnIoIN | INI3

5318800 T3V ONVS (3146474 - KON 171G OL (211EY1d) AYTD

SHILIMITIA NI IV 0 BILINYID

-1 It T ‘61 a2 &l ots 62 (1]}

.ww

]

™V T Y T T

100
ORAwinGg WO

o 2
<09
-40C
~Op =
~0g

oz
o e
V-E &
L

L

9
-C o

* L) &

- = (o]
AW " Oum~wal o b 1A n amw.._ 289 g )
T T T

UNBRRRS, PPN NS S S SO [ S, DO S—, =
- S

Sheet 11 of 25

'l»l‘ —_— e — — e B I B B V'\illl.l}\ f— — .

e e i e o e e et IO NP A S i (e e

1972

|
|
W
A
|
i
]
|
{
[}
|
\\
N
|
GRADAT!ON TEST RESULTS

M -|—- H\‘H AN WS R uH.|r| il WY, il pulietii) Il Ml R =
1§ iy sl S i pssiond Routienp Sulapete 5 it b s (oo smn o af
s . >
— [ — R s cae— — o
bt el Pl I S—— iyl bt A inpl— ss— 7
i R el A Dbl "cfoml it e M.
) S N RS Il Pt It e Y
e e e = - S k= S — )
% — e ™! E &
- uuilh It S - - it it Gt BE. o (=] B
B ) i N S B Butiit Pelincad s B4 o=
et — - SREL Mot builitstuint il I8 B e
L o
I oy el S— —y S S vt Pt Mo "
(S I iy I SS— I B s fung [—— R—
L o4
o e ! M A S—— p—

e e e ey e R e e Eie et
o i Pl S W R [ T : R—

o

2.0 N EYIN] 4 W/t b L1l ot o5 o [ NIN) Ninb NmE A 09 WM A NI SP BHEe
SONIN3G0 JHYNOR HYI1D _ ENYIC DYHYONYIE €N _ $ONICGYIN INNL
SISATIVNY 2A3IS SISATVNY HILIWOHTAH

01 01 01 o1 1] 01 ‘0N u._a

Saunders, W. Va.

57Td=0 S Te-0u ST 84-LL L£'¢9-L"09] ('29-L'09] L°'Z9-L*09 "147H1¢30

9l-5 y1-9 C1~5 6-9 6-% 6-8 "0 31dHYS

i
COAL REFUSE DAM FAILURE

PaL0 ALTL o WNEWPQRT BEACH o CALIF

TH o Th TS WS IS COKRS " 3155Y19

LT T 1971 e T 40 5T ALTAYHD 33d¢

(%7 AL L'GC 01 6'aT v 31 I/ CIYK

JdR dN dN dN dN ~dN id

%4 X0 Tl 7]

(13 te te T

— G —— ——— — — — . —

WA, WAHLER
& ASSOCIATES

wr

01 370H

ek Ay ST e



Sheet 12 of 25

R = ECT VPN

§3184902 Ju‘mczw LD 1 Mﬂo«uw: LLAL (21S¥d-NON) 1T1S O1 (2118¥74) AVD
. a . . o SHILININIA N 31D11HYE 40 zauubu-‘(_oa 600 €00 w00 W
-1 3 73 ‘! X e 611 068 4 * vl0 d 610 (3
B || Sedlagsele 3 « |n sonvel o . segleg g & 8 g g8 8 8 £l
T Irrnpr Ty L) T | 1 vy p=r- IIFI . IMrtT T T T L YfrT T DL e | ” M Q_u
- B M— A - R ST L hgs= = |°
- ||r!w T T w\l'l - T — . \‘.\“ T.“u ]l“\\\nluv\ o ”
- — -1 el s St L\\..\l PRy s B A N
— — — —t—1— —— e \“\ 08 - ~
o S . i oo “aeniiey I/l p— e -9
- - — - — - B il z — Al 2
— - - 2 eVl i \n\ . - = o
— . - 172743 |= g
[ /1t t - 1 1. .- o o0l DO (=3 s
It — | S/ e e e U1 =
- R o . . \ ol D w -
i i B R o ST 1 ofe
— —— B < iis ] Pol
_ . -— - _ [ 2 RS SR 0¢ L] -lo
ol I8 S — - B Bl e o R Bsbo ettt lF - ole
— \b‘\r\ . - — \ _ — B E— B E—— c.m M. ©
i —, — e (gl BOwaa v A e Il St i B ®
— — ey’ ity por—teall I e i P v i
ol
e— g—— P A r—ns R
—1- i S— A%y Al bl } SR el Ml <
_ - o - . SIS I SRR . 0. u “_
||||| - bl i w\|\\ - : I S IS (S Se— 2 e
\\\\\ =k - ol
- u T l|‘““ R S - _ - 10’ m va .“_
—- .\\ - — S e B M & - - - — -—1 w
Y - === - - - = e B
— A= e ot et - — - B e e - s
kil il 5 — SRR Sl - 1 - R S 2= |
9.9 N - ..(nﬂ\ » == ot ] o0 002 [T NIN [ Nim o9 LD z":n.o%.“a W oa m
SONINIdO 2BYNOE HYIVD | §31U3I6 QUYONVLIE 6N _ SONIOVIN 3IANL nu
NV 3A3IS SISATYNY YILIWONOAH Y i
' 2]
T Tl 11 1 T 1 ow o] &5 o
(8~58 L8~58 (8-58 Le-S¢ LL-6E Lg-S¢ 13RI 3|2
VE~SS VE-SS VE-SS 1~1sd 1-184d 1-1Sd 0N dKIS| S |-
WS giH m RS iE WS [BHAS*JISSYT) :
99"1 991 99T ¢ ¢ VT 77T 1L1AYH9 9345
0t 0°Sy £'lt 9 L1 [ 0°¢1 W] =3
N N N N N N | ==
ul =23
| 2
—_———————— —_———————————— o1y =
i1 370K
"

I~
v



LI MEET I YRS S Lg TREEEL N R, 1 T P SR TR e G T S R A S T

a0 Lo

W PR

e e —————

i b0 ,..ﬂ..a
319805 WY 4m>_¢mu ITHY02 | M_r_“w.. | NI 212 -hoN) 1115 OL (3118Y%) AY 1D ] n _ .
SHILIAMIINIA ME JVDHIHYd O BILINYIO z U4 H
%l “.u_ _ [ 1] (N 23 181 ki1 [ ] L 61 [+ 19 113 & H o 1 T
3.+ R I [ » w owawol u & ~ nn/.n.l.- _
LN ) SR B A ) (S T T T LELSLE S | L “« ..Lu [
T R A AR _ T - @ !
H I Rt (R A A - o .U. o
S P s St S— = u
P . L4 =
| 1 R SRR A S o w 0w
—_ _— — Y DR e [- 4
- T B el o Z . -
— T I SRS S o 1.5 g
[ s = i B o T (Vo) Ll ]
. — s - :.,l.,..._.vu\.\ - |3
“‘m ) IR - \.\...\..\..Lr\. z W
I T Pl B 2= .
——m o e - - -~ - b Pl B n - [
5V - GRS S S et LT fle
——p ] - — w.\w ] - - z = {2
b - o . - _ - o foar ©
m i S R I R o ..--\%x..mw i St PP Ny 2| ° m )
; | aial st s ot al 5
| o S St (il A A & “ L ;
— ——— —— g —— -— ——— \{' —— . - - - - - N
= S — — LAl T :
- . (R4 DR e T r\‘llnl\\\ll )
i o iy bt S iyl W.NW:.H [ _U\I\‘\n\.\\.\l o R =
- = 17=A G ol il = I
— A Y = ] - il diul ias 3 .
; — /57 Zsiunt (RIS Y pbiat S 2al:
o |_P&~ 2z | JR— (— Z - Sl
1 e a— ..\.I. [ St seeeieal IR RS B o m = “
t.9 KT R ] 1 ot i3 Q01 oot Kimi CILE MInOY NG HHE RINGE BRGe] s- m
TONINIGO JUYNOE ¥Y3ITD $1IU3C QUYANWLE BN _ S$ONIGYIH IR [SE Y] .m.
v 3AlS SISATVNY 831 INOYQAN 23 ;
]
€] ol Gl £ 0 A T R
25-0S Zh=0Y th=0% ¢E=0t ZE=0C ¢1~01 *14°H1d30 br I
[T ¥-5 y-S £-S £-S 1-S N NSl S e
1S KE ™ HS 263 TR ETRRIBIE a
e et T Tl 17C - ALIAYEY D34S ;
[ £°'01 6°6 6'01 T Lo WA IN o= en
dN dN aN ETN N dR Pl =t
==
u =5
= A
————— e —— — ————————— ) 3 e
310H .
¥
' [ b o~ ) - - :
.4,-



$310€09

35UV0)

ELIES

| LOILEL] |

T13AVHD

aNvs

(3118¥1d- NON) 1111S OL 2116V 1d) AYID

, 26! “N_

Caw
i \ S
LA

-0
-108
-106
- =

SYILIMINUN NI INNLEYY 40 13LINVIQ
1 06§ 162

600
@

E

100

ies

|

o1

(e} ]

B EE - =
- — !Hf\\ﬂ\\ﬁ o=
| e e B et o e

=)
-

GRADATION TEST RESULTS

ORAWING NO

Sheet 14 of 25

nave

NOV, 1972

(L]

v
m
Q
(2]
m
Y - PR T T ) - N Z o
— 1 — - - — os “lo
— | - — - - - B0 I (SRS SR B Gie
P B B e Iy - - —_—f——je————]——q =» wiN
- ——-- — o JE— S ] sle
+ 09 7 «
N e .\‘ll —— = — e s e fe— -~ & o
— 1" T y4 i SR IS D — o
[ A I SR |
4 01
| Ty T s R IR FENARIY SRR AR u
—_—fp—— e —p— — Y —— —_————— —— - ——————— - Il-
e S Y SRR RN MR A 2
o¢ i
4N (SR R [EANE A [N RN R R .
— A b e
/. e o . I [
/ i o NS - .

o eane

NING  N:NO9Y NIRSI

001
WML NINGP HHEZ

W

SOMINIJO JWVNOE HY3ID

X3

SISATVNY 3A3IS

L]] ot "]

$3t43¢ QUYONYIE €N

CONIgYIY NN

SISATVNY Y3ILIWOUQAH

S1

"0 3708]

(Al

‘14°Hid30

¢-S

"N 31dHYS

1S

"BNAS " 4185¥13

ALIAYHD"D3dS

S gl

I/ IV

dN

Id

M

1

o3

Saunders, W. Va.

COAL REFUSE DAM FAILURE

W.A. WAHLER

PALD ALID e NEWPORT BEACH

& ASSOCIATES|

(&)

ar
wr

-

Gl 370H

L

&N



el e
s

p—— -

e

§378800

EITIZH 1 INI4

] anoan |

INIJ

T3AVHD

QNVYS

(2148 ¥1d-NON) 1116 OL (2116VId) AVYD

[eier4

3¢ i

113

1
- ®
T 1

BUILIMITNNIM NI 3WDILbVd 40 HILINVIOQ

[ (3] P (1.0

[e1}

— ] (RN E———

[=]
-

— I — oz
RSN IS R

ot
DN SNSRI (R ]
I P funge -
0
—— e ——— m
- e p——— Z
-] 5

0§
BUNRSY gy PRSI \ .
S Putbeupp fumbunt B |
i o R S /4
i =,
z
)

o7}

09

= |
1L
. —— \||

-

fysidly o o o
e

- uuamw‘mumwm«uwmm”
. l;fl\ (R R
\\\. - -

IS S — Hos
- R

001

7 M W9/€
GONINIJO JY¥NeY ¥YIN)

SISATVYNY 3A3IS

$31836 QUYONYIE €N

1 ot o¢

hik6l  NIROY NIAGH
CONIOYIY 3NN
SISATYNY HILIWOHOAH

YHL NINGY uHse

*0N 3101

'13"Hid30

‘0N 31dHyS

RS

[AHAS " 4158Y10

06°'1

AL1AYHI 0348

/% TIVN

dN

Id

1d

1

R

LI |

.

Sever att omtoailed caeth L Ve LETE

NS 3LV IUNTVIYS Y3LdV
ENELI Y

=¥ 31dWVS

NOILYOYHD
0VEIAY
wiol

C msa

ORAWING NO

Sheet 15 of 25

oATE
197

NOV.

GRADATION TEST RESULTS

0700

PROJECT NO

o CALIF.

BEACH

COAL REFUSE DAM FAILURE
Saunders, W, Va,

PALD ALTO e NEWPODPRT

W.A. WAHLER
& ASSOCIATES




2

Y0 | INIL IBHY0D | RNIGIN | NG
§378406) TIAVED aNV§

.
{
l
|
|
!
'
H
|
N
N
lI
A
\
RN
i

o
o

o
SUILINITUN NI 370MEVd 40 ¥ILIINYIQ 500 £00 200 z ]
Mum_ ww_nlvudh et Vel Wn e " a_l obS 482 (1]l IOM—M o AQO M_Q %wmm m W W w Mr
b | Oﬂ 3888 8 ) Sloava ulr u ~ ovevel o b ui ~ 5381223 ¢8 & 8 s S ¢ N Q w_l
LA U N § T 1) rrrnromytd 1 1 ] 177 T L] L T 1 v 0 L T LB LA § 1 T hd AB
T . . INURTRN R S R AR S Land « u
NSO DRSPS A NSy i R = Nl H
—_— ey — —_—— — . —— =
: = > L
_— e Pl o - o w
- ] Y o 0"~ NN NN, N MUY U — o 2-
H— - —-- \\N RO cap—, [l I —— A ™
I !\[l‘yv\NI\ - N i - W e
[— S PR R haun— 7 S o o S ~ | 3]
2 o >
N . I- N x w
p=y 4
—
-
a
-t
-3
eo

|

N

|

!

N

i

N .

U
;‘.“‘\ .

\‘N

I

|1

i

!

|

i

I

‘\

D

||

1

|

I

K

|

!

|

f

|

I
ONISSVd IN3IDH3d

PROJECT NO
0700

I
]
N
B
i
¥
I
|
|
|

|

|

= S P 7 s e s el [y ] s s s s
L {)h\\ ] — oL

— I\MN el [ e et (R e ) M ileuns Svoupuen Ssa—

i iCd

/ — e JRSUNENINE [ U PO [

¥ \
1~ Y o4 - o9
Cof V3

T Y /A /) B

r Ay/ 8

1/
4 e
rd ;\\\ - AR SN S 1 —
7 Pl / Sy

- o0
0 9 N K7/ WY W9/€ L4 [l of [ 00! 00?2 N NIND NIAG  NIROY HINGI WKL NIWEP UHGe

$ONINIS0 UVNDS ¥Ya1) § 631436 OUVONYIS S 0 i SONIOYIY ML
SISATYNY 3A3IS SISATYNY HILINOHAAM
‘0N 370K

V=i1=dd V-21~d V~=11~d4 V=01-dd V=6-d4
goy-s'cl  g'9o-g'v  1'g-2'1 g H=6'¢ 6°C-6"1 "13HLd30
z-S 1-S 1-5 2-S 1-§ *O0N T14KYS
H) NS 1S NS 1343 FANAS d1SSV19
[4M tee === RN == ALIAYYD 9345
A 0T 7S M M ORIV
anN dnN aN aN EL id
d
N

—1——L7

Seunders, W, Va,

COAL REFUSE DAM FAILURE

PALD ALTD e WEWPORT BEACH e CALIF.

W.A. WAHLER
& ASSOCIATES

————————— 1 1 ¥

$31dKVS ALITIGYIRYId Q7314




o

2T T SR SR TR,

T

.~

$319909 I5YV0D ._u\m<zc ELTF] EITELE) | M_““M: | N (21U5YTd-NOND 1115 OL (2018¥3d) AVTD
a . : SHILINIVIIA NI IINIHVL 4O zw—uz:o 600 o 200 W
o | i - 373 et sl 296 WUy 8t 611 08¢ 2 & »0 1o 610 Y o
B Mfasssle o  sleeads o . Seaval o » o o ssslize g 8 8 8838 88 3 8 h
TV T T 0 1 rTrirsyi 1 1 T L T 1 !M’ [lE‘-x_‘_\- \1-‘ \m||.t_\ xﬂl@lm!ll-‘!\d‘ ” “B
E— E— i ) RS Mahiiid ol vl A IS S =g
1 (e]] [%]
IR D C we
— e oy [« 4
— N R T n
(] L
il iy i S S— e e M N mw
e — - o — _— [ ol DY
N DU N U RED (R _ ~ = m
—+—— —— ] - ] |2
L |- T T I.N.lwl\ i [ S o..m ”
M Z [ R R P SRS f—" R b
— -l S wxl\\ 1111 \k\ i i o e wo
_— e Y ) - - — - e ——— —— _—— ———- - R DN — (L] -
N ot = ‘\“».H il sl R B bl Sy SRS MRS Pl Sa—— m SR
g / A - —-]- - —- - | e — —--— N
—— — T—— 1T 1T —= 09 2 4
— - g l\Wv b e e e e e
\lll Ty - — J“
— A A — [ —— - —]- - - e — — f—— - .
o Sl (i i b/ dn S aion Pttt " S—— S (s AR SRS D et S— 3
4 ‘II N SN S I B _ _ _ 1 - 09 E “
7|/ —= pilinntll Ibenvely fissts S (o S—— 5 |
A el e e —— — =R
Ay Gy Bovessmny s RS PSR S Ry S ——— —— a—— t— ] T
P i i e (e [ivind Dot Sl e s ... m =
9.9 R K 7{H] M W0/8 [3 3 ) of of 001 002 NIW NNy NIW6l  NinOS NINS HHE  NIASD 8HGe w Sn S
SONINIJO JWVYNDE ¥V — C31Y3¢ OYyYONVIE €N _ CONIQVIY NN v M s
SISAIVNY  3A3IS SISATYNY H3I13IWOHOAH Py .
W §l.
0'1 [ c*'0 [ ‘14 H1430 39 |2
Z1-ud S=a4 = T=-0d TR R
WS s NS NS 'BNAS " 418SV1D :
the === a1 -== LLTAVED 2388
9 7 6 1972 66°Z VRN =er
9 JdN dIN dN [P "In.m
z W =2
- = a—t— e - o - L —t— N -_ o
1 #vQ ONY € WVQ - VY34V 13NNVHO/NOILYONNOJ
; . v
. ey e ceea e v . P RSN 42 . [T w i s

Sheet 17 of 25

L o ]
e

i



D

e

T P N o

P

PRSI

§376402

IBYVOD

]

N

ISYVO2

] ]

LIULEL]

AN IL

13AVHY

ONYS

U8Yd- KON} LTI OL (9116¥4) AY)

W:.

-
-4@_2
B cad
O

~ov =

o 't
4 3
T ¥

o]l

ni L]

FHILINNINA N

Il 17 i}

owavel u »

3158V JO WILINVIO

T1V1 Ll

B-2
Sheet 18 of 25

DRAWING WO

U4
— IR T 1= - Bt SR e
SRR N SR T AR Y A S >
. — e} — o _—e— ey e ] =]
- 2 o)
T —— PR R i o e N ¥
. RS SRS USSP ] W Fo— D Il RS S tuveel] Sunsbel s s cames SRR A
- .kl ~ S - _ M\’\l“ [ N
— i g Bumpu IS PO ) — AT SN B AORN [ ]
R SR S i \\..\..i MR S iptl St facdns ws ==
—— e . — U FENE S ) — —_ — a
_ ko]
S — ) R R o " SN B — R ot
(N S S —_— e e —— .\II. N|| S SN SR ” M
PN I DU IR — ] e [ SR :ilx\..u\.i‘ - B e - — ] ==
ovno |l
v A T Ty oy o i \ } [N PSR DA PO I JEUUDNRY DRV S 3l=
L} SNDEEUR RN SN SR / 2 _ I e e mla
SN 00 ST MRS RN IR GUNSUUINRN I O W\R LT . R SR R IR R e twat BN £ IS
4 os Tl |=
MRS S S S T |.T.!\.\\.\‘ - B A I - T oo T 1\; e g w©@ Lad
[ I R Y SRS N S SRRV SNSRI S [ R R R S Sa— R— R Slo
= B T s el o ) e e e e 0 {IE:S
H -t o0 2 a [
| [ Al R4l B SR U N I S ISV (R S SRS Rt =P
1= = y e SURERN S SN S In\J.ml Bhininily IRinaiie M —_ Il —— —
4 e ol
. - Y — = 1 T O =
N I P = E\rﬁ\urli IR D N R SRR R S RS —
P 4 I B MR SR SR A B R R - — ™
N |\\\ il 40 SR (AR R (R (S, AR SR S _ )
- y UG MOUUA IS DSSUURY M el fovetinill IRRATRA ROAIRRN ARSI S Y AR
" T 1ttt 1"
Tlﬂ \h\ d - e — e e e J S [ R T

KRS

o
YHL NinSP bHES

1-) ws

..nox.lucﬁ INynos WyId

SISAIVH

v 3A318

[l 13
$36¢ QUYONVIE ¢ N

LiL]

Wine RINDS
SONMIQY3IN IMIL

y

SISATYNY §3LIROHAAH

LT

0*1

't

*14°H1430

§1-04

6-01

'ON_J1dNYS

1N

HS

[GRAS " 1185¥10

Us™1

LTAYED 3348

COAL REFUSE DAM FAILURE

Saunders, W, Va.

PALD ALTO e NEWPQRT REACN o Calir.

OV Ll

97

M LN

dN

dN

Id

1d

1

— e — oy

R |

W.A WAHLER
& ASSOCIATES

¥3380 0Iv43ng LV

171d 809

ey

S L LR L YTRIEATS
g e

e
o




3

. R 640D ] Ind ISHY0D 1 wnioan | IN) 4
. $318809 JIAVED aNVS

SUILINITNIM NI 3DMEVd JO HILINYIQ
[ %] 6l 068 1 (174

-0
2 4 N ow
L Ty

361 “u. 2o

t

; p
M 5

F:
~40» =
~40%

=4001

(']
1 1 RELEAS L

16l uﬁﬂ 14
8 Olee & w » dwnue
| § 4 | |

...T.... J4-
|
v
[
\

[ o — i T e St Rl RS Rn R
— 01
: — —_— e f—— - — ] ——— == e e e —]
: ) Y R SRRNSU SRR ReSE SR SR I SR DN RN i R S

il Svatonl Msres (i usisl IR (DR ISR SR 5o R S

Ivll yut 02
—_—— B il e ] B T [ e \1il\\‘..ll.l Bl [T
[— PN RUNURIDNDY D P SRR S S S \l\\\\lvfh\ IRUUE U D
1 — [N (PR AR SRR [ I b BN D AN Sty SENDEUEN ASORUUY U S
AR (RN SOV SRR NN USRI JS [ B SR PR S

|
i
J
=
L)
ONISSYd IN3243d

[=}
o

DRAWING NO

Sheet 19 of 2

0ATE

MAY 1672

GRADATION TEST RESULTS

0700

PROJECT NO

ot

(<9
_——— N J—— w
—— —_— It
RIS VPSRN U [ —— - =
0 4
——— e RN S — L]

08

e e e e e e B e e e

!

1

H I RS R R R SEURRE RN SRR SR

— T NN RN SR SRR, AP USRI PRSI W SIS M S A -
—f— — - - B —— \m R et iebiethl ALt St - - ot - A p \4|u8_

9.9 N /11 we X3 of [ 00! 002 NINL NIAY N6l NIROY N NG HHZ NIAGY BHGS

SONINIJO 3HYNOE Hv3IT) _ €3143% QUVONVIS €0 _ SONIQYIW 1ML
SISATVNY 3A13IS SISATYNY H3IL3IKOHQAH

- 0N T10M
; G*0 c'0 *13"Hid30
. C1-ad o1-ad "IN I1dHYS
S WS RS gKAS " 418810
e N AL1AYVED 9348

BEACH

COAL REFUSE DAY FAILURE
Saunders, W, Va.

PALO AL10 e NEWPDR?T

¥ Z'6C 8'9¢ /% T IVN
; an dN Id
i
N

W.A. WARLER
& ASSOCIATES

¢ WYQ 30 INWlnaY 1437 dvaN SONITIVL



IEHVOD 1 INIA 354Y00 1 nnioan | 3N
$318803 TIAVED anvs

CUILINITIA NI I1DILNYd 40 UILINVIQ
v LK 4] 06$ LT 2 1 [k »o

= . -oolo o o
" 06049_ g _» N coaly & &
T T T T LAY LA

(9116¥1d- HON) LTS OL (J116v1d) AVID

W
E 3

10
jO6
o 2
ol
1
-0 —
-4O%

[=:4

[T
-6 &

@

I3
-9
<4¢

v
=il

02

N
-

=]
L

|
1
i
|\
I
i
b
1
[
i
.l
{
P
i
{
{
1
I
vl
NG
P
J
|
|
|
I
|
3
ONISSYd 1NI2Y3d

B-2
Sheet 20 of 25

DRAWING NO

OATE

125

GRADATION TEST RESULTS

0700

PRDJECT NO

Z oL
- P g N — RN . D SRR NS R SN
- MUY S S —— SRR R 09
] - - = —-

/ A .
4 o

- y 4 - P o R DR [N RSN RN S —

- y 4 — [ - - - [ S,
Vi o —

4 B R SR U SR R R R MR o

—L _ 00)
9.9 3 VN e 2978 [ ] 9l o¢ 3 00! ooz LG ‘N'mY HNING  NINOS NINGI ¥HL NIMEP HHGE

SONINIJO JUVNOE ¥YIW | $31836 OHVONVIS & N _ SDNIOY3Y INIL
SISATYNY 3A3IS SISATYNY HILIWOHOAH

s —

0Kk 310H
£'0 ‘131430

11-Q4 ‘ON 31dWVS
I [OKAS *4188Y1)

85°¢ LLIAYY9 ‘034
10T IR IV

Al 1d

8¢ id

oY N

— 3}

Saunders, W. Va.

COAL REFUSE DAM FAILURE

B

renvQ ALTD @ NEWPORT BEACHW e CALIF.

WA. WAHLER
& ASSOCIATES

Z WVO INIHLAGY 1431 - TI¥ILVH TWHNLVN

et e



CHY0D | INLS ICHYOD | wnigam i INI4 S
$313909 TIAVES aNYS (IUUSY - HOND 1TIS OL (215¥1d) AVTD J IR
FHILIAMNA N 3IDI1HV4 40 HILINVIO ! zl Jw
y 2 T 196 '8 s ur e iy 055 ot 17y 10 {£0 6o RSm Lo 8 &0 eledl ©
bed - .Y = z
8 || Saslasuele feavouls u |n Geavely s Wl n 582882 2 8 s588gd 8§88 8§ 8 i
T TIfgrortir T YTT 10 T T T17T T T LILILD LI DU N (LN | (N B R A T T ©r L] ]
! NN PUREY N RN NS RN NPT SN SR SR S U sl {uw
H )y /1 — [BUDEIY PRUNNNDI NSRS ORI WA N - = %
o1 L] ol
RN T L 7
P I TR I . . -
o e e i A o — 4
— —— — —— — o2 |+ iy
——m o - o
—_ o = T p— mY
o
— - }--- - o —— = s
- —— —— _—— = — —_ ———— —_—— ] =] e
[ T RN DU N R B IV S SRR [P Swmm— -
oy [l
]
—1- —— —-— - - — et 3| =
[ — 1 - - Ty """ - mi=s
S O DY AN RN S S DU A Zl= |-
—os "= 1=
— CUNSSURSY RSN (SN PSS DR (NN L, Y -]
_ e f e e e e P [T =]
— ey e} - —}- o w m.\z.
—— - e o — - — ———eed— - n sl
(] = .
N N P S P N— S 4 @ v
—I-1- T — I
oL
- ) AN SRR SRR S R w
R R e - >
—1- 3 on S
— - _ - - - - |u|[w\4 E—— .
— _ N S - oo T - t - I ||..||||.0-
5 — \\ SR e R e e — im
[ - = —t =t == -,
0.8 o0 T T S8 [ L]l [ oS 001 002 CILT HNIWB NIAG!  NINO® HIMST HHZ  NINSP gHGe

SONINIdC JYvndE Lv3Nd _ £3/835 AUvONYLS BN _ SONIOYIE INHL
SISATYNY 3A3IS SISATYNY ¥IL3INWOHOAH

“ON 3104
0 ‘14"H1430
VI-0d "ON_31dK¥S
S [OMAS " 3188¥13
¢s 1 ALIRYYY *03d8
1°2¢C 3/ TWN
dN Id

d
11

Saunders, W. Va,

COAL REFUSE DAM FAILURE

PALO AL70 e MEWPORT AfaACH

WA WAHLER
& ASSOCIATES

—_— k3 Y

? WVO ~ SONITIVL




IBYYOH !

INS

$378800

3AVHD

(N1EY4- RON) LT1S QL (2118v7d 1 AYTD

SHIALININIIA WL INJNINVE 20 HILINYIO

AR ] [y 'l g o wo 800 o0 00 .
| Seelasnsls 8 . 5382 g Eesy 38 3 8
T TINY 1T 7T 7 1 1 T TITT W [ryri1 7 T
— U U S !.1.:\‘\\..\I‘H!nw“,v
= e ey e R e
e

b pRu— . -

. I R IR i IVRVRN SRS ARG I,
—= e m .,\.“ﬂ“\ = il e

AA s .\‘\ SR | S PR

- . - [ DR

- g s \ [ (SEUDENY U NV

W \r\‘ ” - ~ DR

S - - —- RR—

[ R SRS S, e ]

i
t
ONISSYd LN3JH3ad

B i T o D

— - SSRGS S R—
oL
[ - T TC o
~ - Rl —— - 3
I [N (U (R —— S — =
=0} ©
] - RS i S S .
—— §— _— 1]|\I]1 - - - P - - - k3
] by
[ |- i AL R PERES D R R o
- 2 r " -} - - - S PV
] [B] wE OOl 002 Nigsl  Nm09 NPT UHZ NG uHEd

SONINIGO 2HYNDR LYINA

EIIUIC OYYOHYLE § N
SISATYNY JATIS

CONIOVIE 3MIL

SISATYNY 4ILIWOQHOAH

__'ON_310H

0'1

0’1 01

‘11°H1d30

vy-aud

vy-0d VE=t.d

"N 314HYS|

WS

243 WD

[aNAS " 13810

- ST

——— LU7¢

LI AYHD 2343

.89

ah’s

o ol VA

I TN

dRN

Y dN

I

L

d

({4

11

o3

£ Wva

INIWLNAY LHI MY

b Wvo
18343

B=2
Sheet 22 of 23

ORAWING MO

Dartr

MAY 1972

GRADATION TEST RESULTS

0700
o 3oy
LN 4

a

PROJECT WO

e« NEWPRR?

COAL REFUSE DAM FAILURE
Saunders, W. Va.

PALL ALTOD

W.A. WAHLER
& ASSOCIATES




s

PR N

B e AL

Sayegm

Sheet 23 of 25

ISYVOD | FLIN] ICYV0D WNIoIN INIS
3149409 SIAVED | GNVE l (0118¥1¢-HONY 1T1S OL 12116v1d) AVD
o
SHILINNUA N 3VINUEVS 20 HIIINYIQ | =
, 381 L am et 181 e 9y 652 6 065 83 (TR 7T 160 610° $00 2 §90 g «m..o . 2 lny
w 1 W“Wmuﬁm % 3 Sluava vl p @ » oQwan s L4 ~ soa2 28 % 2 Q) W%Am m o 5 m M
LI L A S | T MYTT1 T T T TIT T T T T v . T I T[rrr_ T T ..N o ]
. ' _ ~ i) Sty S st Sninban) (e ey (N oz [ U S S - -
et Il Bttt ettt Dot o S Mttastitl Il St s tteletil mees W >
11— 1 I R T P " - R R e A SR D [T ]
— e (niaantebt it Do~ A of Rl otk et A L St e e o
] — B D SR, Il VAR <O B - — BN DR SRR GE
4.2 A \\\ o3 I ~
-I- S——f - R i e A e e - R S e e X 1N
- ——— - - —y —— = — ——fp - _— ——— e e e e d w — il
I S w-l\\I" DR B B DR At SRR T — >
- “ I Y S R - I N —_ o6 Lot
SV AT s A I RIS SRR z v.m
R B |\ R U N D M [ JUSNUN AR SE Q|-
—7 ev 3 |—
\ » 4 ~ D A e St s ] -
iy e a e S PO Sty IO bl Iouieeution ininmuann: [ 3 L/
-
i e e (=
4R - - - — - g - e f—— (2] (]
ERanrEr EEIRTEIPEN I - - - - EEE Y R RS - ——— e ———— — '\“M W oo
- - - - - - ————e— e —— 173 [ Y
—f - - — —— e A= =1 W0 P (e
100 (R fe AP PEp— . SN I E—— ——— 2
) IRV RRSRSE S W SE— —— — — I 7]
BEUURIN DERREN S - RN SR AR SR W
oot vy B N B B ot vl S S ——— M—— 3
_ - 09 3
U IS DUl Y B S IR R SO RSNV PR .
) DS RPN M IO P R P (ST SN A [ x
06 o
RN SO RSN _ — RN ISR SIS Sy =
[N (EUUNUUNNY AU MUV I - s [ [N ™
. SRR RS . B _ — 1 - i E—— Y1
] K W31 s B/€ [3 "] [l at o5 00! 002 ‘NN KNy NIWGl  MINOY NIWGI UM NI GP UHGe

CONINIJO IHYNOS HYIT)

SISATVYN

¥ 3A3IS

€3103¢ QUYONVLIS § N

SONIOVIY 3MWNL
SISATYNY Y313R0UQAM

“ON_ 3108

£°6

'S

8'S

89

‘1401430

v l-da

Vei1-ua

Vo1-a4d

vB8-ad

'ON_31dWYS

R5=d%

[10)]

WD~MD

db

LS 31 55V19)

1671

0¢"¢C

ALIAYHD D34S

Saunders, W. Va.

PALO ALTD e NEWPOAT

COAL REFUSE DAM FAILURE

0'%

1°¢

6't

89

J

1VK

dN

qN

dN

<

Id

12

1d

£e

1

A

3

3

W.A. WARLER
& ASSOCIATES

€ WO 40 LNVNWIH HONOWHL LND 43700

- >

s
rals

-




Sheet 24 of 25

$379800 I6UY0D Ju\m:_o NI I6HV0D ] Mﬁ_ﬂma | INN4 (91166~ HON) 111G OL (115¥1d) AYTD
SHILINIIM NI 31011uva 90 HILINVID z
SN LNE es ]} age 9y 1] 61 06§ 62 [ 1 €0 610 600 Ligd L4 »
B | wm&m[mu ¥ 3 Olegm~o ulp w » ovavel u & 522|223 %] & & Wmmmw m m w.. m m?.L
T TT .___4.||_\ qq.u-J_ T T TIIT 'Y LIRS O O LU N | L LA T 1 ..M.. mB
T _ el ! ! s I i W‘ NN SR nlu_ ©
— o1 v
- (Y R S w
- N N o
— — — 02 |+~ 2
- ) N P S — Nl
p— Y S A S e e
oS Eol
- - 1 ax
I ) Be—— e A B =
r—t b - - - - il S i e -1 b
= e e e i
S — = T g = .
G ) S I T R P SRS Sa— N < ol N
" T T T T T T T T T & :
- — —— ——
B e | B e et e :
£ oo | B |5
F BN I - R P ..v..u_ ¢
o 7 - H s |
! R iU R ~los < 9 |5
— - f Y R Y IR N e m
— \M‘N - . . S AN DU RN DI P = M x bt
O] . KV K3 W8/t ’y - L] of ot o0 002 N L1LES NING  NINO9 NN BHL zinqﬁﬂnn w s- m
SONINIJO JHVNDS bv2T) _ $31436 OBVONVIS § 0 _ SONIQVIY Wil 3 T =
SISKIVNY 3A3IS SISATYNY HILINOHOAH Bl
waon X5 |
0'81 0't? 0'8¢ *11'H1d30 I
— vEe-Ud | vol-aa vg1-aa ‘0N MYS] S |
KO=d9 1§-dS WS=dS  TgKAS JISS¥1) -
99°1 == A ALTAYHD 0348
6'g 1°'21 y'11 W] e=cem
"d*'N 4N ‘d'N ] ==
u ==
=
lllll _ hoIN | =es
€ WY0 10 LNVNW3H HONO¥HL 1nJ ¥3z00
L] () i e - y
g e Nt - L . - v - it e et

e et i d



ﬂﬂﬂzwu

et iy o e S

e -

$3794039

IEHY0D 1

I8WY0D

| nnioIm

INLJ

13AVYHO

GNVS

(IsvId-NON) LIS OL (2116v1d) AV

Jor =

3
T

i3 rel

f
8l g 8
1

SHILIAMITIIA NI DYV 40 HILINVIO
' 6t 06§

g2

ovwovol o

[

o

—

11 T

|\\|’

LU 34 N

‘NIn09

00!

[ — [ ——4——| ,r\ - S = :\ el B R et g speuuatn [
N O 11 = 17 177" ~ — — — "=
[ — A \.h\‘.un ai W o i i ey I m
e e S (7 S S 7 A , R e R
i o i bt e vl Vel it Vol RO .‘ Lo i} - i il st (N 215
e i p— — (— e E— - Ep—— RESER— s— a
P S A llu\ iyl (R i S SR WS (R A= i Sapas—
\“MT — 1" — e ™
O Py m— fwlN\l s lsestens et S ol G S Elp— P 3
p— P T - — T 1 ——1°° ©
— L Sl A iu s gty DRSO S gt Dot i S ’
S i AN L. R [ . - - o “los F3
A 7= S RS St SR Iub il U R T D! " o
—t—t— Lgs INX — — - - -t =y - - R A —
os

NASIYHL NGt gnee

7 W

SONIN2JO JUYNOE HY31D

Y 3A3IS

L]} ot
31436 OUVONVIS § 0

SONIOYIY INN

SISATIVNY H3L1IWOUOAH

“0N_370H

Z

i1

A4

"14°H1430

Vi =i

VIZ-(1

VG-

v2e-tl

‘ON_31dHy3

HS=MS

1:0-1D

NE~dS

28 T'OHAS'4ISSV1)

98°1

YO

£0°¢

BT

ALIAYHD 3348

2°9

v'e

£yl

1°11

~O/W LN

9

S

.m—.z

6

I4

(44

4

[44

1d

87

X4

1€

N

— — e — —

RS

)

b3

B2
Sheet 25 of 25

DRAYING NO

——

QATE

MAY 1972

GRADATION TEST RESULTS

130

e NEWPORT

COAL REFUSE DAM FAILURE
Saunders, W. Va.

PALD ALTO

WA WAHLER
& ASSOCIATES




Lo TS B

PLASTICITY CHART

S Az

T40-3

80
70 //
60 //
z yd
= 90 <
w cH /
=
= //,
> AD
> \i&/
= y .
b AN oH ;
- i
S . =
//’//’ MH
20
10 ctL
[CL=—ML,
. ML
0 10 80 70 80 90 100 120
L1DUIE LINIT (%)
PLASTICITY DATA
PLASTIC LIQUID | PLASTIGITY u[npunllg{n u"gfuﬂ'fn
SYNBOL NER;ER LI®IT LA INDEX W —PLy | CLASSIFICATION
(%) (%) (%) (‘L'E':P_L SYMBOL
© 10 23 23 0 _— Si
WA WAHLER COAL REFUSE DAM FALLURE ATTERBERG LIMETS - PLASTICITY DATA
& ASSH“ATES Saunders, W. Va. PROJECT NO. | OATE DRAWING NO.
PALO ALIU » NEWPORT BEACH CALIF. 0700 fOCTOgER 1972 B-3

-

ich

Sheet 1 of 3




ERNT TN

.

1
PLASTICITY CHART
80
s 2 //
60 — ]
. = / ;
50 <
= cH / ,
= i
> 40 // [
> 7 3
= y '
a Ry oH C
= 3 L .
. ar !
et / :
MH
20 //
” cL //()
L~
[ELHL yﬂb L i
o ML {
a g 20 k1] 40 S0 60 70 80 80 100 110 120
10UI0 LAIMIT (%) .
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{1e0t) W (%) 1£2) (%) £2) ==t SYMBOL
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FD-14A 5.0 9.3 _— _— N.P, 5P=SM
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O FD-244 22.0 11.1 22 31 9 SC
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FIGURE B-4 g
SUMMARY
OF &
SPECIF!IC GRAYITY TEST RESULTS
MINUS NO. ¢ | PLUS 3749 !
HOLE SAMPLE DEPTH NATERIAL SPECIFi L SPECIFLIC ‘
NE. NG. (1) . TYPE GRAVITY GRAVITY 2
2 St 23.0=75.0 EMBANKMENT, DAM NO. 3 1.70
4 -6 30.0-32.0 ENRANKMENT, DAM NO. 2 2.32 -—-
4 57 35.0-37.0 EMBANKMENT, DAM NO. 2 1.87 —— -
4 $12 §8. (~70.0 FOUNDATION, POOL 1 SLUBGE .37 S— s
i 813 70.0-72.0 FOUNDATION, POOL 1 SLUDGE 1.40 ---- :
4 PST-§ 75.0-77.0 FOUNDATION, POOL i SLUDGE i.46% -—-- §
8 PST-5 75.0-77.0 FOUNDATION, POOL 1 SLUBGE 1.96% -
5 55 55.0~67.0 FOUNDATION. FOOL 1 SLUDGE 1.39
g 5 B5.0-57.0 FOUNDATION. POOL 1 SLUBGE .37 S
7 $-2 20.0-72.0 ENBANKMENT, DAM. HD, 3 1.70 - :
7 -5 50.0~52.0 FOUNDATTON, POOL 2 SLUDGE 1.39 1
7 PST=1 55. 0-56.3 FOUNDATION, PGOL 2 SLUDGE 1.42 — ;
7 & 71.1=73.5 FOUNDAT 0N, POOL 1 SLUBGE 1.42 -—-- :
8 PST-2 55.0-57.0 FOUNDAT|ON. POOL 2 SLUDGE 1.34 ---- f{
8 5528 55.0-57.0 FOUNDATIGN, POOL 2 SLUBSE 1.45 i
9 $3-28 57.0-58.0 FOUNDATION, POOL 2 SLUDGE 1.38 e
10 &9 50.7-52.7 RIXED EMBANKMENT AND SLUDGE 1.52 i
17 $-~13 77.0-78.5 FOUNDATION, POOL 1 SLUDGE 1.B1% ——-- .
10 Se14 80.0-81.6 FOUNDATION, POOL 1 SLUDSE 1L77* ---- jf
10 14 80.0-81.6 FOUNDATION, POOL | SLUDSE 1.83% ¥
T P§T1 35.0-37.0 EMBANKHENT, DAM NO. 3 2.2 i
1 $8-38 85.0-87.1 FOUNDATION, POOL 1 SLUBGE 166 — &
13 3 30.0-32.0 GOB PILE, COARSE COAL WASTE 214
FP=10A 52 3.5-4.5 EMBANKMENT. DAM NO. 3 .66 - i
FP-124 $1 4.8-5.8 EMBANKMENT, DAM NG. 3 .23 - E
FP-14A ) 3.5-4.5 EMBANKMENT, DAM NO. 3 1.82 ;
Fi-1 0.5 EMBANKMENT, DAN NO. 3 — .3 L
Fo-3 0.5 EMBANKMENT, DAM NO. 3 ——— 1.75 s
Fi-4 0.5 EMBANKMENT, JAM NO. 3 1.73 1.68 P
FD-8 1.5 BO0B PILE, COARSE COAL WASTE 1.80 2.55 i
Fa-10 6.5 DISTURBED POOL 2 SLUDGE 1.38
FO11 0.2 NATURAL SOIL 2.58 2.86
£0-12 1.0 EMBANKMENT, DAM NO. 1 2.43
Fi-tA 0 FOUNDATION, POOL 4 SLUDGE 1.52 e
FD-3A 1.0 EMBANKMENT, OAM NO. 4 2.07 2.35 L
FO-5A 1.0 EMBANKMENT, DAN ND. 3 1.85 2.12 é
* QUESTIONABLE DATA DUE TO HICH OVEN TEMPERATURE, TMEST DATA WERE NOT INCLUDED 1IN THE ’5
DETERMINATION OF AYERAGE SPECIFIC GRAYITY. i
WA WAHLER FIGURE B4 i
& ASSOCIATES 41343 Sheet 1 of 2
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FIGURE B=-4 — CONTINUED r
- SUMMARY
oF 1
SPECIFIC GRAVITY TEST RESULTS :
.. ) P "
HOLE SAMPLE neRTH MATERIAL Moreeirie C | Reit
GRAVITY GRAVITY
FD-104 3.9 EMBANKNENT, DAM NO. 3 2.20 2.06
FO-144 5.0 ENBANKMERT, DAM NO. 3 1 g 2.2
FD-184 35.0 ENBANKMENT. BAM NO. 3 1.32 7.02
FO23A 100 ENBANKMENT, DAN NO. 3 .68 .98
FD-24A 22.0 ENBARKMENT, DAM NO. 3 185 '_
FD—254 17.0 ENBANKMENT, DAM NO. 3 .07
FO-27A 7.0 ENBANKMENT, DAN NO. 3 1.8 2.51 :
FO-28A 2.0 EMBANKMENT, DAM NO. 3 1.86 2.28
A=l COMBINED EMBANKMENT, DAM NO. 3 1.90 1.84
SAMPLE :
:
:
IH
- K
. I
- B
|
s E
; B
WA WAHLER 105 FIGURE B i
& ASSOCIATES Sheet 2 of 2
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SAMPLE| HOLE | DEPTH specreig C1QUID | PLASTIC | pERCENT PASSING
ND. | ND | (103 SAMPLE DESCRIPTION GRAVITY| LIMIT Yol vet T oo ¢
FD~4 0.5 |Dark gray, silty SAND (SM) 1.75 NP 80 65
ZERO AIR
VOIDS CURVE
=
@ g
| LT DA
95 ‘ E I | KE Y
I O AN J/ _
: T o
N T N P ]
-— I ] R J
w ! ’ - { | |
= o P i _ i
* g0l i | ! [ E N
z T T PN N T )
2 R NENAEN R [
z | R A ’r
P ! f I\
| : [ T I
gs |t || . i) ;
i i | | RN
| | l N\,
| Sl A
I |
80 |
o 5 10 15 20
MO1STURE CONTENT, %
SAMPLE NO _—
HATURAL WATER CONTENT, % 7.6
OPTIMUM WATER CONTENT. % 11.0
MAXIHUN {IRY.DENSITV, pet 90.3
ASTM TEST DES!GNATION 0-1557-70
COWPACTIVE ENERGY ft.ib/ft? 20.000
WA WAYEER CGAL REFUSE DAM FAILURE COMPACTION TEST RESULLTS
&' ASSUEIMES Saunders, N. Va. PROJECT mO. DATE DRAFING WO,
FALO ALTO .+ NEwWPDRT BEACH = CALIF. 07Q0_ }my 1972 B_S
136 Sheet 1 of 13

P
e

KL B i 6 rtn ]

£ W‘*‘-'\W‘&"&“’ S Laan



TR L AT AR

. e

R

-~
-“r

~r

~»

gooT e e e e

» -_11...-‘- “ cag e

i -iww‘.ﬁ,hﬁ.‘,@ﬂ*_ ": s

" A arabery ot

- b a,q PR - [ R = o
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SAMPLE| HOLE | GEPTH seCIFIg LIQUID | PLASTIC | pERCENT PASSING
N0, | NO | (1D SAMPLE DESCRIPTION GraviTy] LUNT | LT v | w4
Fp-9 1.5 | Dark gray, silty SAND (SM) T il.80 NP 81 65
i ZERD AIR
VO ID5S CURVE
-
| F/‘/
i \ ;_’7//
100 | S N A K E Y
! : ! e
| \ |
| H
3 3 f N ?
= o E |
o ‘ I
= 95 | [ 2o B N ! I
z | 'II/ \\
g BN N
| N X
90 | |
| |
RN
LY
- T +
85
0 5 10 15 20
MOISTURE CONTENT, %
SAMPLE NO FD-9
HATURAL WATER CONTENT, % 7.6
QPTIMUN WATER CONTENT, % 7.5
MAXTMEM DRY DENSITY, pcf 95.5
ASTM TEST DES|GNATION D=-1557=70
COMPACTIVE ENERGY ft.lh/ﬂ.a 20.900
o WA WAHIEH COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
=1 IFWT, Saunders, W. Va. PROJECT nO. DATE ORAWING NO
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SAMPLE| HOLE | DEPIH speciFig L!QUID | PLASTIC | pEREENT PASSING
no- | NG| (1) SAMPLE DESCRIPTION GRAVITY] IMIT | LINIT e | no 2
FD- 0.5 Black, sandy SILT (SM/ML) 1.38 NP 100 99
10
I# ZERD AIR
T v0i0S CURVE
655 | K E Y
) |
| ‘ Pl
3 % A1
= | BEEY 7 ]
: * T —
- N N1 ]
v | ! ~ :
= : | =5 :
& | N N~ )
ford ] T T~ T
= . i ! <S i
3 3 1
i /Et N S 1; !
55 ! ’ i l / . h i i { P
I 1 i L LT
1 | N\ L
’ PN T
- —‘Elh 4- o+ a»} i\. S GRS
| ] j
50 1
10 15 20 25 30
MO1STURE GONTENT, %
SAMPLE NO FD-10
WATURAL WATER CONTENT, % 26.8
OPTIMUM WATER CONTENT, % 21’0
WAXIMUM DORY DENSITY, pcf J 56.4
ASTM TEST DESIGRATION p-1557-70Q
COMPACTIVE ENERGY Ft.ib/ft3 20,000
wn WAHl[H COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
& ASSOCIATES Saunders, V. Va. PROJECT N0 vate T
PALD ALTO » NEWPORT BEACHM =~ [CALIF. Q700 MeY 1972 =5
P Sheet 3 of 13
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B05~2

S TR ——

ok L/ T T T

auip PLASTIC P PASSING
SAMPLE[ HOLE |DEPTH sPeciFig Lf ERCENT PA&S
NO. | MO | (tD) SANPLE DESCRIPTION GRAVITY Lm;"' L 72 T ne 4
FD- 0,3 |Light brown, gravelly, sandy 2.58 40 28 73 60
11 SILT (ML/GM)
I i ZERO ALR
YO01DS CURVE
P
/
//
\ L/
115 K E Y
t \
- ! \
2 ] \
= 10 | | \
2 4: \
e 1 { \
z e BN |
i ! haa T
f RN TN
1os L | T N\ !
i | ! LN
J ] 1 \ \\
| i
o0 LI L. |
0 5 10 15 20
MOISTURE CONTENT, %
SAMPLE NC FD-11
MATURAL WATER CONTENT. % 20.7
OPTIMUM WATER CONTENT. % 12.5
MAXIMUM DRY DENSITY, pef 107.8
ASTM TEST OESIGNATION D—1557-170
COMPACTIVE ENERGY ft.0n/ft> 20,000

COMPACTiION TEST RESULTS

W A WAHLER] ©COAL REFUSE DAM FAILURE
LR Saunders. W. Va. ——— — —
&ASSM[MES FALD ALTO - NEWPORT BEACH < CALIF. 0700 MAY 1972 5=5 N
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SEAR s

T ‘m P R

o)

-a-

BO5=2

.
SAMPLE| HOLE | BEPTH sprciFig L1010 | PLASTIC | pemcenr PASSING |
na- | a8 b SAMPLE DESCRIPTION AR L::)” L,I:l,r R P
FD= ; ! 0 | Black, silty SAND (5M) 1.52 NP 106 99
W
- I r |
|
|
|
I 2ERD AIR |
+ Vo105 CURVE
. T
| 4 J
L N / |
50 E f | NS KE Y
| - ! N )
HEREN N N | !
) ‘ H
S SR WA BN
= 75 b N S S S ‘ N
z T e | N
- L] oA L] N :
= [ | L ? POIN i
EERERANE RERE YN ;
3 : : LT T - T T : T ;
70 . r. | § | . ! ! H | ) F
[ | ) i N \
J i i 1 L1 * %
T H 1 )1
' L.l L ] i
i ! - '
65 L |
5 10 15 20 25 a
MOISTURE CONTENT, % t
3
1
SAMPLE NO ED-1A ;
i
NATURAL WATER CONTENT. % 32.1 g
- S
OPTINUM WATER CONTENT, % 19.0 E
MAXIMUM DRY DENSLTY. pet 7.4
ASTM TEST DESIGNATION P-1357-70 T #
SOMPACTIVE ENERGY f1.4b/ft3 20,000 4

W WAHLER COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS

AL Saunders, W. Va, prryr—. e -
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G TR N

PR R IR TP T

N

805=2

S e e .

LIQUID | PLASTIC | pEasENT PASSING
SAMPLE| HOLE [ DEPTH SEMPLE DESCRIPTION SPECIFLO 5 it l.- eacen
ND. | NG | (fU) SRAVITY| "oy L T T | we
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
Y0108 CURVE
W
=
110 ; A : K E Y
| A
) /
2 ! N i
> |
- 105 . 1 \\ I
2 | RN :
= | /- 1
x ; [ R N
| ;EJ | NI TN
[ |
100 - —+
T 7 N Y
| \ N
| g
g5 L
0 5 10 15 20
MOISTURE CONTENT. %
SAMPLE NO FD=-3A
NATURAL WATER CONTENT. % 7.5
OPTIMUM WATER CONTENT. % 10.0
MAXIMUM DRY DENSITY. pef 103.4
ASTM TEST DESIGNATION D-1557-70
COMPACTIVE ENERGY H.Ib/(la 20,000
WA WAHLER COAL REFUSE DAM FAILURE COMPACTION TEST RESULTS
& ASSHE!MES Saunders, W. Va. PROJEGT RO, ___bare DRAWING KO.
PALD 4LT8 - HNEQPOMT BEACH + GALIF. 0700 AAY 1972 L~5
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805-2

e

SAMPLE| HOLE | DEPTH speciFig LIQUID | PLASTIC | pERCENT PASSING
MPLE] MOLE | DEET SAMPLE OESCRIPTION CRAY| 7Y LJ!;;T Lj;;T v | xo s
D~ 1.0 | Light gray, silty SAND ($M) 1.85 3P 9% 77
54
Combined sample from FD-5A and FD-6A.
| ZERO AIR
’ VOIDS CURVE
| 1 T
1 T T L~
| '
4‘“7" 7
10s ) ! K B Y
\ ‘ e : | i
T TN ST
= j ! ! A\ !
Z 100 i L ! G[] -
i i | | | L
& i ' | ‘ | \
= 1 | 1 N vl
| | Al N
gs L I | I N
! L LN L
| / \ | I\
|
| IRNENBNE
i
S0 I
0 5 10 15 20
MOISTURE CONTENT. %
SAMPLE NO FD-54A
HATURAL WATER CONTENT, % 5.5
O0PTIMUN WATER CGNTENT, % 10.8
MAXIMUN ORY TENSITY, pcf 96.5
ASTM TEST DESIGNATION D=1557=70
COMPACTIVE ENERGY 1t.40/11° 20.000
WA WAHLER COAL REFUSE DAM FAILURE COMPACTEON TEST RESULTS
& ASSDE'A}.ES Saunders, Y. Va. PROJECT NO. DATE ORANING NO
PALO ALTO = NEwPOAT BEACH = CALIF. 0700 MAY 1972 B=2
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saMPLE| WaLE | DEPTH specipig L1QUID | PLASTIC | pERGENT PASSING
UPLE| HOLE | DERTH SAMPLE DESCRIPTION RRAY L TY Li:I)T Lmr T T w3 i
FD- 5.8 | Light gray, silty, sandy GRAVEL| 2.20 NP 81 40
10A (GW-GM)
[ | ' TER0 ACR
| Y010§ CURVE ‘
z \ ] 5
? ‘ 3\ [ld /A/
1sp | i A A KE Y
P | N X
] 3
| ! \ :
- l | { \ | F ;
: T L
= 110 Lol Pl h :
z | LB IONE N :
= ! VAN RN
= | I /:/ ' ! W \\! | P
|| L7 oy by N | g
105 Iy P ! P AN [ i
i i | | N |
T T 1 e
) ] ! v | :
! I .:AI
| | ) #
100 L1 1| . :
0 5 10 15 20 i
MDISTURE CONTENT, &
i
SAMPLE WO FD-104 §;
2
NATURAL WATER COMTENT, % 3'9 ;::
OPTIMUM WATER CONTENT, 4% 9.5 E
. RAXIMUM ORY QEKSITY, pcf 110.7 :
i ASTH TEST GESIGNATION D-1557-70 y
TOMPACTIVE ENERGY fi.in/f1 20,000 i
oMP
E WA WAHlEH COAé,aiig‘giz D&A,M SAILURE t RETION TEST RESULTS 3
=} & ASSOCIATES » - e TROIEET MO, Bave DRA®(HE KO, i
PALO ALTO - NEWPORT BEACH = CALIF. 0720 MAY 1972 B-5 3
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J i ZERD KIR
4 v0IDS CURVE
74
i R \’\i
95 J ! KE Y
] || , \
i ! I T
! | i N
> ' ! } : | \
a i 1 i ‘
] i ! | L
= g0l [ . | L
z : T i | RN
e ! i | ‘ | i }
- T2
s Pl 5T o
Ran RN
. P R i o T T 0T
&5 —F — —
I I ! Lif i
| | LT | L
| | Lol .
| 17
80 L— 1
0 5 10 15 20
MOISTURE CONTENT, %
SAMPLE NO FD=-23A
NATURAL WATER CENTENT. % 8.9
OPTIMUM WATER CONTENT, % 12.5
MAXIHMUM DAY DENSITY, pct 87.8
ASTH TEST DESIGNATION D-1557=-70
COMPACTIVE ENERGY f1.00/1t° 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 Vg ot TEe et

B s T e e

|
|
|

;
J
3
4
P

=,



AW e e v

s (198

-k

8i¥5-2

A -

- . - = -3
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MPLE) HOLE | DEFTH SAMPLE DESCRIPTION GRAV I TY L(l:;T L(l:;r o T a s
D 7.0 |Light gray, well graded, silty [1,98 | 27 22 92 62
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;Jl

NOTE; Combined sample from FD=26A and FD-27A.
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MAXiMUM DRY DENSITY, pef 104.4 !
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FISURE B

SUMNARY
OF
PERMEABILITY TEST DATA

) . . any veip WATER DEGREC OF SATURATION COEFFlctEnT
S e et SERSITY | RATID CONTENT il pERCARILITS
Bt = “ INIT1AL SURNHG TIST roh osect
a0 HL 51 3 0. 685 22,7 93.0 100.0 45007
4 75 0-717.0 ML 56.3 0.618 37.8 87.6 100. G . 3x1
p 5.0-77.0 L §3.5 9. 854 40.3 94,8 100.0 3. 00107 .
7 i0.0-12.0 SM 86.7 9. 225 11.6 86.4 100.0 1. 1xi04 i
Tl o20.0-22.0 SH 87.7 0.281 14.9 95.8 100.0 1. 1x107% :
T | 55.0-56.3 SM 53.7 5.658 41.9 87.5 100.2 1.9x107% .
7 | 55.0-36.3 SH 54.8 8.617 ad 2 100.0 100.0 i Sxgt .
| o020 SH 370 0.370 15.8 | 56.3 1000 5. 75105 ;
£| 55057 © M 50 0 569 2.3 | 81.0 100.0 1t ;
§ ] 550870 ML 260 0.51¢ 225 g7.1 100.0 3 g :
Tl M 7.8 0.85¢ 3.6 0 w8 190.0 1 2xipd :
0 L35 M 545 1.000 375 596 100.1 I Sing :
‘it { B0.0-5B ML 59.8 0.872 405 85.7 100.0 6.0r108 ;
Bty 35.0-37.2 SK 103.4 0. 087 12,0 100.0 100.0 302107 '
"L 85,0670 ML 58.5 B. 4895 373 100.0 100.0 142108 :
%L 30.0-37 9 o 9.8 3,224 1.1 B9.5 100.0 ¢ gx1e~? B
Toroa0.0Ene ¥ 7e.4 0.509 5.8 55.8 190.0 2ot i
Fp-at f L 9ed G N 584 3,406 1.3 3.3 100.0 2 3x10~Y B
FP-i0A;  3.5ec,2 SH 84.5 0.47: 4.8 48.2 100.0 2,7x10‘2 i
FPailh | 3 5wz s W s E | 357 12.2 100.0 100.9 Bl =
FPa10A| 3.5=2.5 ™ g7.4 0478 12.9 100.0 100.0 1.9x10 i
FR=TiA1 §.2+3.1 ™ 101.9 0. 385 10.4 30,4 100.0 g.4x100 E
FP-128 | 2.8-6.8 M 88. 4 0.574 18.2 3.5 100.0 L 2x10 i
FP-128| .8-6.8 M 89,7 0.560 18.5 190.0 180.0 1.0xi04 -
FP-i28{ &.8-5.5 M g1.1 0.527 17.1 100.9 100.0 §.4x1073
FP-124[ 3.5-2.3 SN 105.3 5.308 1.7 45,5 100.0 §.6x107° o
gp-iza] 55as SH 7.7 0.237 1.0 160.0 190.0 4251073 L
FP-14A| 55— = M 1.9 0.25¢4 9.2 100.0 100.0 i.7x1078
=+ | COMBINED sM : 1. 356 10.3 55.12 100.0 g.axir™
®UNIFIED SDIL CLASSIFICATION SYmglL
NQTE DRY DENSITIES AND WATER CONTENTS SHOWN REPRESENT CONGIT!ONS AFTER SET-UP AND _:
APPLICATION OF A SWALL CONFINING PRESSURE IN THE LABORATORY TRIAXIAL SHEAR :
APPARATUS, AND [0 NOT NECESSAREILY COINCIDE W!TH IN-SI¥U COND!TIONS 1
WA WQHHB . FIGURE B~7
§ ASSOCIATES 163 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 ocur investigation, bur which
were intentionally removed from Volume 1 of the report in order to

avoid unnecessary text interruption by basic data inclusions.
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FEATURE YEAR 1960 1961 1962 1963 1964 1965 :
. - INACTIVE
REFUSE B3ANK ACTIVE (HOTE 1) (ROTE 2)
DAM NO. 1 :
POOL 1 | I ]
DAM NO. 2 ,
POOL 2 2
DAM NO. 3 .
POOL 3 j
DAM NO. 4 .
POOL 4 :
1980 1961 1962 1363 1964 1965 ;
CALENDAR OF DAM AND POOL
MIDDLE FORK
1960-1972
NOTES: (1) REFUSE BANK ACTIVE = RECEIVING COAL REFUSE. REFUSE DAMK WAS ACTIVE SIMCE 1347. ?
(2 REFUSE BANK INACTIVE = MINES CLOSED,
€3) REFUSE TGAMK GEMERALLY INACTIVE = KOST OR ALL DF THF COAL REFUSE OUT®YT BEIMNG
USED TO CUILD GR ENLARGE CDAMS, OR PLACED ELSEWHERE.
(4) THE PATTERM OR REFUSE PLACEMENT CAUSED THE REFUST SAMK TO COALESCE WiTH DAM NO. 1 K
SOMETIME GETWEEN 1560 AND 1962. IT THUS BECAHE FUMCTIOMALLY A PART OF DAM MO. 1 HORIZOKTAL -
AT THAT TIHME. OURING THE PERIOD 1967-1968, THE PATTERN OF REFUSE PLACEMENT CAUSED ' "
;HE RE:USE BANK TO COALESCE WITH THE LEFT PORTI!GN OF THE DOWNSTREAM FACE GF DAM /12 -
0. 2 ALSG. ;

(5

SEE THE ARTIST*S SKETGHES IM THIS CHAPTER FOR A VISUAL REPRESENTATION
OF TH1S SEQUEMCE.

THE TIMING SHOWN HEREON REPRESEMTS AN 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
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1960-1972

HOAR1ZOMTAL SCALE:
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GAl BECAUSE RESER-
VOIR 1S FILLED
WITH SECINENT

0S:D0
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UNDER
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e SEDMEMT TIVE DAL UPSTREAM FULL OF SEDIMENT
1 11 - ] l i l
I
] PODLS lRAZNN 7777777
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TABLE C-1

CONSTRUCTION METHODS
MIDCLE FORK REFUSE BANK AND DAMS

FEATURE

SOURCE AMD REPORTED (OR INFERRED) COMSTRUCTIOM KETHOD

REFUSE BANK

DAM NO. 1

DAM NO. 2

CCNMISSION REPORT: TRUCK DUMPING

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

DAVIES AND OTHERS, 1872; TRUCK DUMPIHG

PARK AND OTHERS, 1872: OUMPING

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

COMMISS!ON REPORT: NO DETAILS GIVEN

U.S. CONGRESS, 1972a: NOT SPECIFICALLY COVERED, RUOTES
PARK AND OTHERS (1972).

DAYIES, 1866: TRUCK DUMPING

DAYIES AND OTHERS, 1972: TRUCK DUMPING

PARK AND OTHERS, 1972: "WAS CONSTRUCTED BY PLACING COAL
REFUSE PART!ALLY ACROSS THE VALLEY AT A POINT UPSTREAM
FROM THE THEN EXISTING REFUSE PILE. THIS REFUSE WAS
APPARENTLY PLACED ON FIRN GROUND."

TASK FORGE PRELININARY REPORT 1972: QUOTES PARK AND OTHERS,

1972 (SEE ABOVE}.

WALKER, 1972: *__.BUILT BY END 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.)

CONMISSION REPORT- “DAM NO. 2... WAS GONSTRUCTED BY
DUMPING REFUSE ACROSS THE WIDTH OF THE HOLLOW ON THE
DEPOSITS REMAINING IN THE RESERYCIR BEHIND DAN NO. [.*

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

DAVIES, 1866: TRUCK DUMPING

OAVIES AND DTHERS, 1372 TRUCK DUNPING

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 (18723, (SEE ABOVE).

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

e, A o
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TABLE C-1 — CONTINUED

CONSTRUCTION METHOBS
MIDDLE FORK REFUSE BANK AND DAMS

§a4

FEATURE

SOURCE AND REPORTED (DR INFERRED) CONSTRUCTION HMETHOD

DAM NO. 3

COMMISSION REPORT: ' DAM NO. 3 WAS CONSTRUCTED BY ERD
DUNPING COAL WASTE FROM TRUCKS N CLOSELY SPACED PILES
FROM 4 1O 7 FEET HIGH AND THEN GRADED IN LAYERS 2 TO 4
FEET THICK. THE DUMPING WAS CARRIED ACROSS THE YALLEY
FROM THE RIGHT ABUTMENT ON THE NO. 5 MINE ROAD TOWARD
THE LEFT ABUTMENT... THE DUMPING ¥AS DONE i THE FORM
OF A SINGLE LIFT (LEVEL OF WATERIAL) WHICH RANGED UP
T0 60 FEET THICK. ONCE THE DAM HAD BEEN COMPLETED
ACROSS THE YALLEY, DUMPING WAS MAINLY ACROSS THE BACK
SIBE OF THE DAM WHICHK STEADILY GREW UPSTREAM.Y

Y.S. CONGRESS, 1972a: "AFTER THE EMBANKMENT FOR NO. 3
WAS COMPLETED ACROSS THE VALLEY BY DUMPING DVER THE
EWD OF THE F1il, ADDITIGNAL REFUSE WAS PLACED BY
TRUCKS OUMPING OYER THE EDGE OF THE EMBARMMENT INTO THE
IMPOUNCMENT OR OX TOP OF THE FILL. FOR THE LATTER,
LEVELLING BY A DOZER AND BACKDRAGGING OF THE BLADE.
TOSETHER WITH THE HAULING TRAFFIC, WAS THE ONLY COM-
PACTION THE REFUSE RECIEVED."

DAYIES, i965: (DAM NO. 3 NOT BUILT)

DAYIES AND OTHERS, 1972: "IN CONSTRUCTING DAM WO. 3. THE COAL
WASTE WAS DUMPED FROM TRUCKS (N CLOSELY SPACED PLLES FROM
4 TO 7 FEET HIGH AND THEN GRADED IN LAYERS 2 TO 4 FEET THICK,
THE DUMPING WAS CARRIED ACROSS THE DAM IN THE FORM OF "LIFTS"
ON SUCCESSIVE LEVELS OF HMATERIAL 10 TC 20 FEET THICK. ONCF
THE DAM WAS CLOSED. DUMPING MAS MAINLY ACROSS THE BACK SIDE
OF THE DAM, HICH STEAQILY GREW UPSTREAM. TREES IN THE PATH
OF THE DAM CONSTRUCTIOK WEZRE NOT REMOVED BUT WERE COVERED BY
DUMPING. THE PBOL AREA ALSO wAS NOT CLEAREQ OF VEGETATION.
THE SLUDGE ON WHICH THE WASTE WAS BUMPE) WAS ONLY PARTIALLY
DISPLACED AtD HUCYH OF T FORMED THE FOUNDATION OF THE DAMS."

PARK AHD OTHERS, 1872- U“THE ..DAM._.(WAS) CONSTRUCTED BY HAUL-
ING REFUSZ 3Y TRUCK. A&ND DUMPING [T INTO AR AREA WHICH CON-
TAIHED SILT AND WATER IMPOUMDED FARLIER...RECENTLY. PLACING OF
THE REFUSE WAS DONE GY TRUCKS DUMPING ETHER OYER THE ENDS OF
THE DAM AHD INTO THE IMPOUNDMENTS WHEN POSSIBLE, OR BY DUMP-
ING THE LOADS ON THE TOP OF THE DAM FOR SPREADING, WHEN LOADS
WERE OUMPED ON TOP, THIS MATERIAL HAD TO BE LEYELED PER!OD-
ICALLY TO PREYENT 3LCCKING THE ACCESS TOR TRUCKS. THIS Was
DONE BY GRADING THE MATERIAL WITH A BULLDOZER &ND THEN "BACK
BLADING'' OR SCRAPING THE MATERIAL WITH THE BACK OF THE BULL-
N0ZEA BLADE WHILE OPERATING [N & REVERSE DIRECTION. THIS
PROVIDED A LEVEL SURFACE FOR HAULAGE. COMPACTION YAS DONE
ONLY BY THE WEiGHT OF THEZ BULLDOZER AND TRUCKS AS THEY HOVED
ACROSS THE MATERPAL.M

3?
1.
|
:
L

.
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TABLE C-1 —CONTINUED
CONSTRUCTION METHODS

MIDDLE FORK REFUSE BANK AND DAMS

FEATURE

SOURCE ANG REPORTED (OR [NFERREDY COMSTRUCTION METHOD

DAM NO. 3
(CONT INUED)

DAM NG. 4

TASK FORCE PRELIHMINARY REPORT, [197Z: (QUGTES PARK AND
OTHERS (1972). (SEE ABOYE).

WALKER, 1872: “.__BUILT BY END DUMPING FRON THE YALLEY
SIDES IN ABOUT 20~FOOT LIFIS.Y

COMMISSION REPORT: "DAN NO. 4 WAS CONSTRUCTED I[N 1889
AND IS STILL IN PLACE...CONSTRUCTED MAINLY OF SHALE
AND COAL WASTE."

¥.5. CONGRESS. 1972a: DAM NO. 4 MENTIONED ONLY AS
MSTILL IN PLAGE."

DAVIES, 18661 (DAM KD. 4 NOT BUILT)

DAYIES AND OTHERS, 1972; ™, _.CONSTRUCTED NMAINLY OF
SHALE WITH COAL WASTE..."

PARK AND OTHERS, 1972: (DAM NO, 4 NOT MENTIONEDR)

TASK FORCE PRELIMINARY REPORT, 1972: (DAM NO. 4 NOT
MENTIONED).

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

WA WARLER
& ASSOCIATES
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TABLE £-2

DAILY WEATHER CONDITIONS JANUARY 1972
(WEST YIRGINIA)

- — e et

["1" DENOTES TRACE OF PRECIPITATION. TEMPERATURES SHOWN ARE UEGREES FAHRENHEIT.
PRECIPITATION SHOWN 1S IN INCHES.]

LDGAN MAD! SON PINEVILLE
DATE NAX MIN. WAX. MIN, MAX. WIN.
TENP. TEWP. PRECIP. | yewp, TENF. PRECP. TEWB, TENP. PRECIP.
1 44 23 ——— 42 22 ———- 43 21 ——
2 a0 24 0.8C 30 23 0.38 52 22 1.08
3 30 29 0.1% 50 28 0.19 47 28 0.06
4 55 30 0.23 46 28 0.24 53 217 0.42
5 49 33 1.30 50 a0 1.07 47 a2 1.22
B 34 24 T 32 21 0.03 33 20 ————
7 15 21 ---- 34 20 ——— 34 11 -
8 44 20 -— 42 20 -—-- 42 17 cou-
L] 49 21 ——— 47 .1 ———- 47 2 ———
10 50 41 0.61 35 40 B.53 40 32 0.53
i1 50 14 0.04 B1 45 0.10 54 39 ——
12 53 Kh 0.22 30 28 0.15 80 30 ———
13 62 31 ——— 36 i —-——— g1 g ————
14 12 it 0,35 71 28 0.25 a7 30 B.49
15 32 17 T 33 I6 -—- i 4 0.02
16 19 -3 ——— 23 -8 -——- 20 -1 T
11 15 2 ——— 15 -1 - 12 =1 R
18 44 11 ———- 40 i2 ——-- 40 3 -——--
18 59 17 0.10 53 18 0.08 50 13 0.05
20 48 39 0.05 52 38 0.08 42 34 0.10
21 57 40 0.65 58 40 6.39 46 36 1.37
22 51 45 0.02 48 41 T 38 38 0.06
23 67 43 0.04 B3 40 0.03 b3 42 0.04
24 58 46 0.30 62 48 0.34 L) 43 0.03
25 76 41 0.33 12 38 0.29 12 38 0.2
2B 43 i3 c-—= 40 17 ———— 41 i8 -—
27 30 19 —— 43 17 —— 48 18 ~——
28 42 28 0.85 a7 23 0.60 4f 19 1.00
2 39 26 T kY 23 -——— 42 28 T
30 35 75 — 38 23 — 46 25 ———-
31 35 20 -——— 34 20 T 34 21 T
172
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TABLE C—2 —CONTINUED
DAILY WEATHER CONDITICNS FEBRUARY 1372
(WEST VIRGINIA) 2
z ["r nenoTES TRACE OF PRECIPITATION. TEMPERATURES SHOWN ARE DEEREES FAHRENHEIT. :
PRECIPITAT |ON SHOWN IS IN INCHES.] :
LOGAN MAD | SON PINEVILLE
oAT M
E Tl:;':lxp.. TP, PRECIP. T EAuxP', TeuP ] PRECIP. Tz;xp'. T"Eln:::. PRECTP.
~ 1 38 I8 - 37 7 - 3 17 —-- :
2 a2 18 -—-- 42 17 N— 43 18 T
3 55 3 0.08 54 28 0.04 45 28 0.12
4 45 18 0.52 43 17 0.42 42 15 0.29 :
- 5 22 1 -—-- 22 10 T 21 11 ———-
§ 35 1 ——-- 33 1 — 3 12 ——-- :
7 3 27 0.32 40 24 0.22 35 24 0.32
: 28 10 T 25 7 T B 3 -—-- :
g 32 12 -—-- 30 7 — 28 0.30
) i0 37 2 — LY 17 - 37 16 —
n 45 &) -—- 41 18 — a1 10 -
12 57 12 — 51 73 -en- 52 il
13 40 28 0.92 59 25 0.81 58 2% 0.78 )
: 14 57 a0 0.28 40 32 0.28 38 3’ 0.34
15 45 32 ---- 53 32 53 23 .
16 48 28 — 54 25 45 7 :
17 50 25 0.06 47 26 0.08 46 2% 0.18
18 43 3 8.10 4D 31 0.10 41 32 0.70 ;
i 19 41 24 0.34 a2 2 0.30 a1 22 0.22
20 28 19 0.04 27 16 o.10 25 15 0.14
2 % 18 ---- kK 16 — 2 g
22 55 18 0.14 56 18 0.16 43 g 0.15
: 23 45 8 — 42 22 - 42 25 -
2% 48 27 1.41 51 24 1.27 41 2 1.33
25 * * 0.4 53 3g 0.52 4 40 0.86
2 B8 40 1.90 65 40 1.87 G 41 1.54
27 50 28 8.05 45 28 0.08 56 26 0.03
28 57 28 57 28 — 56 28 —--
2 7 31 59 36 - 85 23 -
* NOT REPORTED, '
CRIGINAL SAaVRCE: CLIMATOLOGICAL DATA, WEST VIRGINIA
V5T DERARTHENT DF COMMERGE. . foorUART. 1972
ENVIRDUENTAL DATR SERVIGE, || AOHINISTRATIN
WA WAHLER =2 BLE £z
& ASSOCATES e BLE 02




»
TABLE -3
| 4 SUMMARY
WEATHER COND!TIONS JANUARY 1 — FEBRUARY 29, 1972
[PRECIPITATIUN AND SNOW LEVEL RECORDS ARE GIVEN IN [NEHES]
. 25 DESCRIPTION LOGAN HADI SON PINEVILLE
JANUARY (1=31)
AVERAGE HAXIMUM TEMPERATURE 47.5 46.5 45.8
o AYERAGE MINIMUM TEMPERATURE 26.9 2.2 24.0
AVERAGE DAILY TEMPERATURE 37.3 5.0 34.9
PRECIPITATION, TOTAL 5.08 4.06 B.55
PRECIPITATION, NORMAL 3.76 (n '4))
_ SNOW, TOTAL. | e-een 1.00 0.50
" FEBRUARY (1-29)
AYERAGE MAY!MUM TEMPERATURE 45.0 44.4 43.1
AVERAGE MINIMUH TEMPERATURE 23.7 22,1 21.1
_ AVERAGE DAILY TEMPERATURE 34.4 33.6 32.1
i PRECIPITATION, TOTAL 6.56 6.26 7.30
PRECIPITATION, NORMAL 3.50 (n N
SNO®, TOTAL 2.50 3.20 10.60
FEBRUARY (11-25)
BYERAGE MAXIMUM TEMPERATURE 45.7 = 45.9 43,7
AVERAGE MINIMUM TEMPERATURE 24.5 * 23.3 22.6
AYERAGE DAILY TEMPERATUR 35,1 % 34.6 33.2
PRECIPITATION, TOTAL 3.5] 3.43 1470
g DAYS WITH MEASURABLE RAIN g g g
FEBRUARY (24=25)
AVERAGE MAXIMUM TEMPERATURE 20,0 * 57. 48.0
AYERAGE MiN!HUM TEMPERATURE 27.0 * 1.5 33.0
AVERAGE DAILY TEMPERATURE 38.0 * 41.8 48.5
PRECIPITATION, TOTAL }.82 1.79 2.18
FEBRUARY (24~25)
PRECIPITATION, TQTAL 1.82 1.7¢ 2.19

=FEBRUARY 25 TEMPERATURE DATA MISSIMG 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 TIME NANE REFERENCE °BSERVQEEQT“5;3TE° IN
TUESDAY 2/22/12 | EARLY MORKING DAMIEL S. YOoL. Iif, p.40 DRAYE ON IMPOUNDMENT.
DASQVICH WATER SEYERAL FEET
BELDW 24 INCH PIPE
TUESBAY 2722772 | MORNING EARL G. REEODY|VOL. V11, p.185] NONE
WEDNESDAY | 2/23/72 | MORNING EARL G. REEDY |voL. v!1, p.165] NONE
WEONESBAY | 2/23/72 | MORNING MARIC VARASSI(YOL. 111, p.184] NONE
THURSDAY 2/24/72 | MORNING EARL G. REEDYIVOL. YII[, p.168| DAM LOOKED OKAY TO HIH
TRURSDAY 2/24/72 | MORNING RARIQ VARASSI|VOL. [!I, p,1B4] NONE
THURSDAY 2/24/72 | AFTERNOON DANIEL §S. YoL. t11, p.41 WATER GOMING THROUGH
DASOVICH ) 24 INCH PIPE.
THURSDAY 2/24/72 ] 4:00 P.N, JaCK KENT oL, I, p.i28 PLACED MEASURING STICK
IN DAM NEAR DRAIN
PIPE.
THURSDAY 2/24/72 === BEN TUDOR YOL. III, p.13%3] NONE
THURSBAY | 2724772 PER$OBICALLY JACK -KENT YOL. |, p.128 | WATER RAISED AN INCH
UNTIL §1:30 P.M, PER HOUR.
FRIDAY 2/25/12 | EARLY MORNING ODANIEL S. YOL, I, p.128 WATER LEVEL & FTW INCHES
DASOYICH BELOW TOP OF DRAIN PIPE.
FRIDAY 2/25/72 | 4:00 P.N. JACK KENT YoL. 1, p.128 LEVEL HAD RISE% if INCHES
IN 35 HOURS.
FRIDAY 2/25/72 ] 5:30 P.M, BEN TUDOR YOL, §ll, p.133] INSPECTED WATER LEYEL
FRIDAY 2/25/72 | 9:00 P.N. JACK KENT YoL. . p.133 WATER LEVEL HAD BEEN
CHECKED BY MR. KENT AT
REGULAR INTERYALS BETWEEN|
! 4500 P.M. AND 9:00 P.M.
FRIDAY 2/28/112 g:00 P.M. ELMER ELSWICK;YOL, !, p.133 NONE ;
FRICAY 2/25/12 10:00-11:00 P .M. | EDGAR PIERSON|vOL, ii, p. 84 SA¥ CRACK SIX T9 EISHT
INCHES WIDE NEAR RIGHT
Of OAM, EXTENDING THREE
{UARTERS OF waY ACROSS.
WATER WAS TEN 10 FIF-
TEEN INTHES FROM CREST.
NJ PIPES IN DAM. CREST
WAS SOFT. SOME BLACE
WATER SEEPING INTO POOL
2 AT TOE OF DAM NO. 3,

# REFERENCES GIVING VOLUME NUMBERS REFER 70 THE HEARING TRANSCRIPT OF THE AD HOC COMMISSION REPQRT.
REFERENCES GIVING APPENDICZES REFER TC THE HEARINGS BEFORE THE SUBCOMMITTEE ON LABOR, U.S, CONGRESS, 1572B.

W.A. 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™ DBSEkvggég?"gﬁifiﬂ N
FRIDAY 2/25/12 10:00-11:00 P.M.IMR. CHANDLER {¥OL. II, p.85§ ---
(ACCOMPAN | ED
EDGAR PlER-
SOR)
SATURDAY | 2/26/72 12:38 AN DENNY GIBSON, [¥OL. 1, §.192 | ALL THREE VISITED THE DAM
JACK KENT, SITES, OBSERYED A SLIDE
AND HARYEY IN THE RIGHT SIDE OF THE
PIERSON VALLEY BETWEEN DAMS 1
AND 2 WHICK WAS DIVERTa
ING WATER INTC POOL 1.
SATURDAY | 2/26/72 |  2:00 A.K. . [ARVEY PIERSOMVOL. [1, p.71 {SA¥ ND PIPES ON DAH
SATURDAY | 2/26/72 3:30 AN JACK KENT YOL. |, p.134 [WATER LEVEL RISE INCREASED
TO TWO INCHES AN HOUR.
SATURDAY | 2/26/72 4:00 AN, KENNETH voL. i, p.134 |DIDN°T SEE ANY PIPE
OSBORNE
SATURDAY | 2/28/72 4:30 AM. JACK KENT  [VOL. 1, p.134 |WATER LEVEL HAD RISEN THREE
INCHES IN AN HOUR.
SATURDAY | 2/28/72 4:30 AN, DENNY GIBSON IVOL. I, p.71 |MESSRS. KENT AND GIBSON
REMOVED A TIRE FROM ONE
OF THE DRAINFIPES ON DAM
NO. 1.
SATURDBAY | 2/26/72 4:30 ALK, HARVEY PIERSOMYOL. I1, p.71 |SURFACE OF DAM NO, 3 KAS
SOFT, SA¥ NO PIPES ON
TOP OF DAM. SAW NO
WORKMEN AT DAM.
SATURDAY | 2/26/72 B:00 A.M. DENNY GIBSON |VDL. VEIf, p.i13{ SAW PIPES ON DAM
SATURDAY | 2/26/72 6:00 A.M, KENNETH VOL. I1. pp.23,| THD SECTIONS OF 24 INCH
0SSORNE 34, 35, 36 AND| CORRUGATED STEEL PIPE
44, LAID END TO END TO FORM
40 TO 68 FOOT SECTION ON
CREST OF DAM, PART OF
PIPE TOWARDS REAR OF DAM
PARTLY BURIED. SMALL FLOW
OF WATER QUT OF PIPE, SAW
CRACK 10 FEET WIDE, 30 FEET
LONG. 0N LEFT FRONT OF
DAM. WALKED ON DAM, FELT
NO MDVEMERT.

= REFERENCES GI1VING YOLUWE NUMBERS REFER TO THE HEARING TRANSCRIPT OF THE AD HOC COMMISSION REPORT.
REFERENCES GIVING APPENDICES REFER TD THE KEARINSS BEFORE THE SUDCUMMITTEE ON LABOR, ¥.S. CONGRESS, 1972E.
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TABLE C-4 — CONTINUED

IIJ

[ "

CHRONOLOGICAL LISTING CF VISITS TO REFUSE DAM NO. 3
PRIOR TD FAILURE

DAY

DATE

THEE

NANE

REFERENCE ™

DBSERVATION LISTED IN
TESTIMONY

SATURDAY

SATURDAY

SATURDAY

SATURDAY

SATURDAY
SATURDAY

SATURDAY

SATURDAY

SATURDAY

SATURDAY

2/26/72

2/28/12

2/26/112

2/26712

2/165/12
2/26/12

2/26/12

2/28/12

2/28/12

2/26/72

E:30 A.M.

B:30 ALM.

§:30 A.M.

6:30 AM.

6:30 AM,
G:43 ALM.

7:00 AN

7:00-7:30 ALM,

7:15 A.M.

7:30 ALM,

DANIEL S.
DASOYICH

JACK KENT

PALBON MULLINS

[FALDDN MULLINS

MELVIN DUBA
BEN TUDOR

BEN TUDOR

MASGN
~-BLANKENSHIP,

iR.
LEONARD LANKAS

BEN THUDOR

YOL. FHI, p.i2

YaL. 1L, p. 12

YOL. I, p.195

AFEIRDIX A,

| 5 1287

YaL. 111, 9,201

APPENDIX A,
p. 308

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

YoL. 11, p.151

YoL. 1H1, p.153

WATER COMING THROUGH OY¥ER-
FLOW PIPE. DAN LOOKED
STABLE. COULD HAYE
DRIYEN ACRDSS DAM.
CRACKS IN LEFT FRONT
FACE OF DAM. CONTEMP-
LATED ANOTHER PIPE ON
DAM.

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

WALKED ON DAM, NOT SOGGY.
WATER LEVEL 4 TO 6 FEET
BELOW COMPACTED DAM.

WATER COMING OGT OF DRAIN
P1PE.

NONE
"DAM HOLRING ITS OWN"

WATER LEVEL 8 FEET BELOW
COMPACTED OAM. SURFACE
FIRM. NOD CRACKS.

WATER HAD NOT REACHED TOP
OF DAM.

WATER AT CREST OM LOW SIDE.
TRASH BAGS CIRCLING LIKE
A WHIRLPOOL ON RIGHT
HAND SIDE OF POOL EEHIND
DAN,

NO CIFFERENCE IN LEYEL
FROM 7:00 A_M.

» REFERENCES
REFERENCES

WA. WAHLER
& ASSOCIATES
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GIVING YOLUME NUKBERS REFER TO THE HEARINW{ TRANSCRIPT OF THE AD MOC COMMISSICON REPORT.
GIVING APPENDICES REFER TO THE HEAR!NSS BTtFORE ThE SUBCOMMITTEE ON LABOR, U.S. CONGRESS. 71972B.
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TABLE C—~4 — CONTINUED

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

DAY DATE TIME NAME REFERENCE * WSERV#E ;g’l‘l'ﬁ'g\-’:““ in
SATURDAY | 2/26/72 7:45 AN, WAYNE GCOODMAN |YOL. 11!, £.232 SURFACE WET BUT FIRM.

WATER G TO 8 FEET
BELOW. OQVERFLOW
PIPES FLOWING,

SATURDAY | 2/26/72 7:50 AM. DENNY GIBSON |YOL. 1, p.193 | SAW LARGE CRACKS AND
SLUMPS ON DGWNSTREAM
FACE OF 0AM NG. 3 NEAR
CENTER. ABOUT 20 FEET
SLUMPER INTO POOL 2.
TOP OF ODAM NO. 3 SOFT
ANL SOGGY. WATER "00Z-
ING" THROUGH LOOSE RE-
FUSE. MR. KENT"S MEAS-
URING STICX SUBMERGED.

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

pp. 226~231 SIBE OF DAK HAD FAILED,
REMAINGER OF DAM SLID-
ING INTO BREACH.

= REFERENCES GIVING VOLUME NUMBERS REFER TO THE HEARINC TRANSERIPT OF THE AD HOC COMMISSIOR REPORT.
REFERENCES G!YING APPENDICES REFER TO THE HEARINGS EEFORE THE SUBCOMMITTEE ON LABOR, U.S. CDNEGRESS, 19728.
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