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APPENDIX A

FIELD INVESTIGATION

t
A. INTRODUCTION

t

t

,

t

Basic data ~ere gathered du=ing the investigation of the Middle Fork

Valley dams and refuse bank above Saunders, West Virginia, during

field investigations of the site conducted from the end of March through

mid-September, 1972. This information consisted of field mapping, sub

surface exploration and sampling by ffieans of auger drill holes, field

density tests, field peroeability tests, aerial photography, vane shear

tests, and cone penetration tests. The locations of most exploration

features are shown on Figure VI-20; Hole B5-l9, at the downstream end

of the refuse bank is shown on Figure 1II-3A, und exploration features

at the upstream end of Pool 3 and in Darn No. 4 and Pool 4 are shown on

Figure 111-3C. A drill hole summary is included here as Table A-I.

Hundreds of photographs were taken during the field investigation. The

locations of most of those used in this report are indicated on Figure

A-I; a few photograph locations are shown on Figure III-3C. Unless

otherwise credited, the full-page photographs are by Robert T. Johnson

of Logan, West Virginia. The small-format photographs are by staff

p,ersonnel of W. A. Wahler and Associates.

t
B. AUGER DRILLING

t

Sixty exploration holes totaling 3302.9 feet were drilled in Middle Fork

ValJey utilizing truck-~ounted Acker AD-2 and Offi-45 drill rigs. The

drilling services were subcontracted to Tinney Drilling Co., Bridgevill~,

Pen~sylvania. The equipment used varied with the purpose of the hole.

r
~)
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Twenty-two S-series holes (S-i through S-22) were drilled for sample

retrieval. These holes were drilled with 6-inch O.D. (3 9/32-inch I.D.)

hollow stem augers (Figure A-2, Photo A) except for hole S-20 which

was drilled and sampled continuously with a Pitcher barrel of 5-7/8-inch

O.D. (Figure A-2, Photo D). The S-series holes varied in depth from

14.0 tv 174.0 feet, and their combined footage totaled 1,879.8 feet.

The hollow stem auger holes were sampled at intervals determined in the

field by W. A. Wahler and Associates' representatives. Sampling was

done largely with such conventional sampling tools as the standard

C3-inch diameter by 30 inches long) Shelby tube, Shelby tube with

piston, and the standard sp:.lt-spoon penetrometer (ASTM D-1586-67).

Figure A-3 (Photo B) shows typical disturbed recovery with the standard

penetrometer sampler, and Figure A-2 (Photo B) shows the hammer set-up

for a standard penetration test. The standard penetration test ,consists

of driving a 2-inch O.D. by 1 3/8-inch I.D. split-spoon sampler with

a 140-lb. 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 6 inches of penetration. The stan

dard penetrometer blow count, N, is the total number of blows f·or the

second and third 6-inch intervals driven. It is recorded on the drill

hole loss.

The Pitcher barrel, utilizing a Shelby-type tube measuring 4 inches in

diameter by 36 inches long (Figure A-2, Photo D) Wp.s used in hole S-20

to retrieve larger diam~ter samples than could be obtained with the

more common Shelby tubes. Non-standard sampling tools included a

"poorboy" sampler (used in hole 5-4) which was a discarded Nx inner

core barrel, and double-length Shelby tubes, fabricated off-site by

welding the nose of one standard (3 x 30 inches) Shelby tube to the

top of another, and filling the attachment holes in the lower tube.

A double Shelby tube is shown on Figure A-2, Photo C.

G
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TIle rn.:lterials encountered in the S-series holes were logged on a con

tinuous basis by a w. A. Wahler and Associates representative and were

described in accordance with the Unified Soil Classification (ASTM

D-2487). The classification is described on the Key for Explora-

tion Logs, which accompanies the logs included in this Appendix.

Relatively un~isturbed samples were obtained by pushing 3-inch O.D.,

thin-walled Shelby tubes into embankment and reservoir sediment (sludge)

materials. ~~en possible, the 2.3-foor long Shelby tubes were pushed

2.0 feet and the double Shelbys were pushed 4.0 to 4.5 feet if refusal

was not met. The ~itcher sampling techniqJ~ is properly described as

a push-drill metl,od of sampler advancement. The 3.0-fuot long Pitcher

tubes were advanced 2.0 feet unless earlier refused.

The presence of coarse g~avel and cobbles in embankment materials

made it difficult to obtain undisturbed samples in the embankment.

In fact, attempts to take Shelby samples in this material often met

with complete refusal of penetr~tion 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 diff<cult since samples were often lost fro~ the

tubes as they were pulled fro~ the drill holes. The double Shelby

tube was devised in a~ attempt to solve cwo problems: 1) poor

recovery of samples of the sludge ~~h normal Shelby or piston

techniq~es, and 2) a sampler was needed that was long enough to get

through th~ sludge w~ich often rose into the auger stem after the

inner bit was removed. The double Shelby tubes were moderately success

ful in both applications. A discussion of sampling problems and tech

niques in coal refuse will be included in another report to 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 c~ring was c~rried

deeper. The following S-series holes were not cored: 5-14, 16, 18, 19,

W.A.WAHlER
&ASSOCIAmi
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.20, 21 and 22. Figure "'-3, Photo A, shows typical core. Water pressure

tests were conducted in the bedrock in holes S-3 and 5-6. R~sults of

the tests are presented immediately after the respective drill ho:;'(>

logs in this Appendix.

Nineteen BS-series holes (3S-1 through B5-19) were drilled with 4- and

6-inch diameter solid-stem augers. Nearly all of these holes were

drilled to refusal, which was generally taken to represent the bedrock

surface underlying tne overb~rden &~d fill. The BS-series holes were

used to supplement our knowledge of the configuration of the bedrock

surface, and to provide more precision in delineating the surface than

could be attained with scattered 5-series holes.

Data for the B~-series holes are presented in Table A-I; the holes

were not logged due to the difficulty of determining precisely the depth

from which the auger returns came. Some data about depths to various

contacts are presented in Table A-I, but they are a~proximate only, and

in part based on correlation 'Nith nearby 5-series holes. The total

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

Five P-series pilot holes were drilled :or the portable vane shear and

cone penetrometer equipment. These holes, aIso listed in Table A-I,

were drilled with the truck-nounted auger rig. They penetrated gravel

that the vane and cone could not, and permitted Lhe vane and cone to

test the sludge material underlying the gravels. Descriptions of the

result~ of vane $hear and cone penetrometer testing are presented

elsewhere in this Appendix. The total footage involved in these pilot

holes is 205 feet.

Fourteen FP-series holes ~e~e drilled in the left abutment for fi~ld

permea:,ility tests. NOO':: of these holes were drillecl. to shallow depths

with either solid or hollow stem auger. Holes FP-9A through 14A were

I,

t
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drilled by pushing a Shelby tube or tube~ 'and retrieving undisturbed

samples where possible. The total footage involved in the FP-series

holes is 205.5 feet. The field permeability ~ests are described below.

C. FIELD PERMEABILITY TESTS

Fourteen fiel~ permeability tests were conducted in subs~antial

accordance ~th U.S. Bureau of Reclamation Designation E-19. Test

conditions were modified slightly in the field to make the test pro

cedure co~sistent with the nature cf the material to be tested.

Results of these tests follow the drill hole logs in this A~pendix,

and are summarized in Table A-I. Figure A-3, Photo C, shows the test

equipment set up at hole FP-3A. All field permeabili~y tests were

located in the left aOut;nent remnant of D.am No. 3 as shown on Figure

VI-20.

D. FIELD DENSITY TESTS

In order to determine the in-place density variation of the embankment

and foundation materials within the Middle Fork Valley, a total of

44 field density tests, which are summarized in Table A-2, were per

~ormed in accordance with ASTM Test Desi~ation D-15S6-65. The

location of all tests performed near Dams 1, 2, and 3 are shown on

Figure VI-20 and those upstream of Dam No. 3 on Figure III-3C. Because

of the wide variation in grain sizes, two different size cones were

used. A 6-inch diameter sand cone was used exclusively in the founda

tion sludge material, whereas a l2-inch diameter sand ~one was used in

areas of coarse coal and shale waste.

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

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

WA.WAHLER
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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 ciensity data on the

older coal waste material.

E. CONE PENETROMETER g,D V&~E SHEAR TESTS

Static penetration tests were performed by W. A. Wfihler and Associates

personnel, usinf, portable equipment manufactured in Sweden by Jonnell

& Nillson. The test procedure consisted of mechanically advancing

a 10 square centimeter cone with automatic and continuous recording

of total penetration resistance. A specially sealed vertic..-l ::~ 1.p

coupling is provided about 10 em from the tip, ~lich facili~a~2c

separating the two components of total penetration resistance; namely,

skin friction along the rod surface and actual tip friction resistance

at the cone. Six penetration probes were performed at Buffalo Creek

Darn No.3, one at Dam No.2, and thre~ within Poel 3 sludge at the

~pstream end of Pool 3.

In situ shear strengths were determined using the same portable equip

ment described above, except the penetrometer tip was removed and a

L? em long by 6 cm wide vane was atta~hed to the end rod. The vane

shear probes were located adjacent to the penetrometer probes in order

to correlate penetration resistance co shear strength. Predrilled

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

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

coarse materials prior to starting the in-?lace testing.

i
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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 rwo meters, a friction test was conducted in order to separate

rod friction from tot~ll penetration resistance of the material. After

completing the penetration 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 rwo

meter intervals a shear test was conducted to determine in-place shear

strength of the material. Figure V-IS, 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 result of the coarse-grained nature of the foundation sludge

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

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

results. in particular, can be very misleading and were no~, in any way.

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

viding more useful information was a result of the sludge ~aterial

exhibiting a dilatency during the application of shearing strain.

This dilatency resulted in the developmeGt of negative pore pressures

at the tip of the vane, thus increasing the undrained shear strength

by some unknown amount. Si~ilarly. the vertical slip coupling

associated with the penetrometer equipment was not effective in

separating the total and tip penetration resistance. The reasons

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

in-place densities. (2) the low undrained shear strength. and (3)

absence of any cohesion of these materials when saLurated. 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.
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F. BACKHOE PITS AND BULLDOZER TRENCHES

Eleven backhoe pits were excavated in the Pool 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 o~ Figure A-6. Loca

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

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

the left abutment of Dam No. 3 and in the refuse bank nedr hole 5-4.

The trench~s exposed the coal waste for detailed obse~ation and for

field density testing. The bulldozer ·...as prim.1rily used to construct

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

trenching and for on-site drill rig roads and r&~ps. The bulldozer and

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

Rayburn Company, a subcontractor from the local area.

G. AERIAL PHOTOGRAPHY ANIJ TOPOGRAPHIC MAPPING

Aerial photography and the associated ground control were subcontracted

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

vertical stereo coverage were flown as follows:

-~. 1.

2.

Date

March 9, 19 72

April 11, 1972

Photo scale

1:6,000
1:6,000

}1ediurn

black and whi tc

color

In addition, the subcontractor made available from his files black

and white vertical aerial photographs taken February 28, 1972,

November 28, 1962, and January 28, 1963.

The subcontractor prepared topographic maps of Middle Fork Valley

and specific portions of the Valley at scales of 1" '" 10C I, 1" '" 200',

12
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and 1" = 400'. Portions of the I" '" 100' map were enlarged to I" = 50'

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

the small-scale November 28, 1962, aerial photographs in the files of

the subcontractor.

H. GEOLOGIC MAPPING

Geologic mapping was done intermittently from April thrcugh Septembe~,

1972. The initial efforts were concentrated on the areas most likely

to change due to natural erosio:l or sliding, or due to subsequent

explor4tion activities such as constructing access roads. Conventional

surface mapping was supplemented by the use of aerial photcgraphs a~d

subsurface eh~loration.
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)
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Figure VI-278 78 r' I
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P~OTO A. CME~5 DRILL RIG USING HOLLOW
STEM AUGERS ON HOLE S-I.

PHOTO C. SPECIAL DOUBLE-LENGTH SHELBY TUBE
BEING REMOVED FROM SHELBY HEAo.HoLE S-8.

W.A. WAHlER
&ASSO~IAfES

PHOTO B. STANDARD ?ENETROMETER TEST IN
HOLE S-2.

PHOTO O. PITCHER BARREL USED ON HOLE S-20.
HERE DISASSEMBLED. PARTS LABELLED

FIGURE A-2



,

,.

PHOTO A. CeRE FROll HOLE 5-11.

PHOTO c. TYPIC~L FIELO PERM~~~ILITY TEST
SET-UP FLOAT ~~LVE KEEPS CO~STANT HEAD
IN HOLE; WATER LEVEL IN BARREL IS READ
PERIODICALLY IN SIGHT TUBE.

W. A. WAHl[R
& ASSOCIATES

PHOTO B. STANDARD PENETROMETER RECD~ERY.

HOLE ~-11.

PHOTO 0. PORTABLE VA!IIE SHEAR EOU"' PMENT
IN USE AtJACENT TO HOLE 5-4. THE DRILL
RIG DRILLED A PILOT HOLE THROUGH THE
~EFUSE DUMP iD THE UNDERLYING SLUDGE
,DR lHE PORTABLE EQUIPMENT.

FIGURE A-3



PHOTO~. BAC~HOE EXCAVATING PIT 2.

PHOTO C. PI T 7, GRAVEL OF DAM NO.3 OVER
LYING SLUOGE OF POOL 2. SEE ALSO PIT 7
LOG IN FIGURE A-6.

W.A. WAHlfR
&ASSOCIAHS

PHOTO B. WALL OF PIT 2. HAMMER H~AO IS
AT CONTACT OF OISPLACEO PeoL 2 SLUOGE
OVER IN-PLACE D~M NO. 2 _.BAN~~E~T

GRAVELS. SEE ALSO PIT 2 LOG IN
FIGURE ~.

PHOTO D, EXPLORATORY BULLOOZER TRENCH
IN LEFT ABUTMENT REMNANT OF DAM NO.3.
FIELD DENSITY TEST BEING SET UP IN
MIODLEGROUNO.

FIGtJRE 4-4



9UFFALO CREEK, DAM NO.2, V-I
PREORILLED HOLE AT 5-4 TO 52.0 FEET
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STANDARD PEIIETRAT ION TEST SHE~R STRENGTH. Su
BLOIS/FOOT pst

..

NOTE: STANDARD PENETRATION
TEST RESULTS IN AOJA-
CE~T DRILL HOLE GIVEN
FOR COMPARISON.

W. A. WAHlER COAL REFUS EDAM FAI LURE FIELD VANE SHEAR AND (OR) CONE PENETROMETER
. TEST RESULTS

&ASSOCIAHS SAUNDERS. WEST VIRGINIA
I IPROJECT NO DATE FIGURE NO.

PALO "'LTC • NEWPOR'!' BEACH: • CA ~ IF. 0700 I NOVEMBER 1972 I "-5
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BUFFALO CREEK DA~ NO.3
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BUFFALO CnEEK DA~ NO.3
PV-2
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BUFFALO CREEK DAM NO.3
PV-J
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BUFFALO CREEK DAM NO.3
PV-4
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BUFFALO DAM NO.4
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RESER~OIR SEOIMEN, OF POOL NO.2.
SAND; BLACK; VER! THINLY BEDDED;
ORY TO SLIGHTLY OAMP; VERY LOOSE_
BEDDING SLIGHTLY CONTORTED. SE
DIPS PREVAIL.

\

PIT NO.1
NORTHEAST WAll

SANDY GRAVEL; BEDDING 'IAGUE. PIT
CUT AT RIGHT ~~GLE, TO STRIKE OF
GRA~a -SAND CONTlCr

PIT NO. 2
NORTHEAST WAll

UPSTRE~M FACE
DAM ND. 2

DAI ND. 2 EMBANKMENT
GRAVELS

,._------

BOG. N50oE.

21 0 NW

BOG. tIJSoE. 21 0 NW

POOL NO.2 SEDIMENTS.
APPROXIMATELY eo% SANO
IN VERY THIN BEDS AND
20" CLAY IN BEDS In"
TO 4" THICK.

.'

,--
i W.;
i &~



~OOL NO.2 SEDIMENTS.
SAND (gO!:) IN TH IN BEOS;
BLACK; DRY TO HOIST
ABOVE W. L.; VERY LOOSE.
CLAY A~O SILT lI0:<) IN A
FEW BEDS UP TO 6" THICK:

""" no. '"" ~}_-..__~:- .-;
-+- ..,~ ","~ ~. "'

F---P r T WAL~ CAVEO--J

PIT NO. 3
NORTHWEST WALL

(PIT CUT SlIB·PARALLEL TO STRIKE OF

BEOO IN,. STRUCTURE OF SED IME~rs

IS OBSCURE LARGELY FOR T~ IS REASON .. )

'"
CONucr. ~ENERALLY

N16 0 W. 45 0 SW, LOCALLY
AS STEEP AS 60-70".

SAND. GRAVEL; LOOSE TO VERY
./ LOOSE; OAHP; A FE~ SOUT~ OIPS

/ AT 10_30° PRESENT ON FLAT CLASTS.

G. N37'E, IS'NW

POOL /lD. 2 SAND;
NO STRUCTU~E

APPARENT.

PI T NO.4
NORTH WALL

SCAL E

1'~Oiiiiiiiiiiiiiiiiii~!!!!!!!!!!!!50iiiiii~~iiiiiiiiiiiiiiiiiiiil0 FeET~ !

HORIZONTAL = VERTICAL

SEE SHEET 3 FOR NOTES AND ABREVIATIDNS.

COAL REFUSE DAM FAILURE
SAUNDERS. WEST VIRGINIA

..".

P'LO ALTu NEWPORT 6"OH CALI F

PROJECT NO.

0700

BACKHOE PiT LOGS

" lE
NOVEM9:OR 1972

FIG~R, NO.

A-6
S~EET I OF 3



PIT NO.5
EAST WAll

PIT
SOUTH"E~

--::-

CTC ~!800W.480SII'

SANOY GRAVEL: VERY LCOSE:
DAMP TO r.OIST. ~a PREFER~ED
ORIENTATIONS OF BEOOING
FEATURES.

BDG. IN GRAV.L
MSSOE. IDOSE.

~.,"' """" ,.",VERY LOOSE. SOME TENOENCY FOR
SE alPs AT 100-200.

oa 0 0
<>

1-1/2" YELLOW
CLAY SEAM.

'POOL ~O. 2 S~OI~ENTS; 90S
SANa (BLACK. LOOSE. SLIGHTLY
DAMP) AND IDS CLAY IN SEAMS
BII_12" THICK (saFT. DAMP.
YELLOW-BRO'N) •

•
PIT NO.6

SOUTHEAST WALL DUE N..

PODL
BLACK,
DAMP.:.

oo

o

GRAVELL' SAND; SOME paEFERENCE

(

FOR eRIEl,TATION OF GRAVEL CLASTS
TO BE SUB-PkRALLEL TO THE SEDDING
DF THE RESERVOIR SAND.

CTC H2SoW. 2SoSW
(ON OPPOSITE WALL
CTC is H440W. 240SW~

__....;:;...;:-...0' 00 0

0.. <:I '<::>. ~
--...: 0

~,...:...~f-----..;;;;~-~ -........::::.0
/

("''''''' '"""''' "" .." ". ,SAND WITH A FEW SILT MID CLAY BEDS
(TO 3" THICKNESS). SAND IS BLACK,
LAMINATED TO VERY THINLY 8EDOED,
DRY TO SLIGHTLY DAMP. LOOSE TO VERY
LOOSE. SILTY CLAYS ARE MOIST AND
VERY SOFT, GENERALLY ~ARK GRAY;
ONE BED IS YELLOW-BROWN.

FRACTURE N700E. 7tONE.
LINES UP WITH TOPOCRAPHIC
BREAK EXTENOING SEVERAL
TENS OF FEET.



SA~O; SLIGHTLY OAMP;
;E. SOME TENDH!CY FOR
\T 10'-20°.

-

E PIT NO.7
SOUTHWEST WALL

o ()

"

NS7 0W. 37 0SW Oil
FLAT BOTTOM OF
GRAVEL CLAST

o

If. L. 7/13/72

POOL NO.2 SEDIMENT: BLAC~ SAND;
01Y TO SLIGHTLY CAMP; LOOSE TO
VE~Y LOOSE. "EUT I~ELY UNO I S
TORI50 EEOOING ~ITH SOUTHERLY DIPS
OF IS-200.

DUE N..
PIT NO.8

EAST WALL

POOL NO.2 SEDIMENT:
BLACK SAND; SLIGHTLY
DAMP: LOOSE. GRAVELLY SAND; NO PREFERREC

ORIENTATION.

o

.,. L. 7/ 1~/72

o

o
o
c

c

o 0 0 0 0

o 0 0 0
o O__C__o_~

o

SCALE

l'i,Ciiiiiiiiiiiiiii!!!!!!!!!!!!!!!iCiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil'P FEET

HORIZONTAL = VERTICAL

SEE SIIEET 3 FOR NOTES AND ABREV I AT I DIiS.

COAL REFUSE DAM FAILURE
SAUNDERS. WEST VlnSINIA

BACKHOE PIT LOG~W. A. WAHlER
&ASSOCIAHS

PI.LO ALTO NEwPOAT BrACH CA II r
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540 0 E
•

SA~~Y GRAVEL; JRY TO SLISHTLY
DAHP; LOOSE TO VERY LOOSE.

TREE TRUNK O~~
BRANCH.

PIT NO.9
SOUTHYIE ST WALL

POOL NO. 2 SEDIMENT; SlIGH~LY

CLAHY AIIO SILTY SA~O; VERY
LOOSE: SLIGHTLY ~AMP.

BOG N.ODE, J4 DSE O~
YELLOW CLAY LAYER.

GRAVEL, SLIGHTLY SANOY
3ENERALLY HORIZONTALLY
T~ VERY LOOSe; OA~P TO

M:~ CLAVEY:
3EO JED: LQOSE
~mIST. \

MIO~ L£
FORK

'" Q '" Q0= '"0 C>

0 0°'"

GRAVEL WITH REO DOG
GRAVEL WITH RED DOG

.......

I'! 0 T E: Pli IS FREE OF SUNDING
WATER MiD SEEPS EVEN
THOUGH MIDDLE FOU IS NEARI

PIT NO. 10
NORTHEAST WALL



,DIHEtiT: SLiGHTLY
:ILTY SAND: V~RY

TLY DAMP.

~oo.o___0 0
~

'SAND SLUDGE uRAFT", CONTORTED
BEED ING GENEULL Y 0 IPP ING
3D DR L~SS. SLIGHTLY DAMP.
LOOSE TO V~RY LO OSE,

----~--- -----~

GRAV~L. CLEAN; NO BLAC~ SAN~:

HORIZONTAL BEDDING: OA~P TO
l~oT: VERY LOOSE.

PIT NO. 11
NORTH EAST WALL

MID~LE

FORK

~----

IS FREE OF STANOING
JrER ArID SEEPS EVEN
~UGH MIDDLE FORK IS NEARBY.

NOTES: I. SOIL DESCRIPTIONS ARE BASED ON UNIFIED SOIL
CLASSIFICATiON (SEE KEV TO DRILL MOLE LOGS
IN T~IS APPENDIX).

2. A"BREVIATIONS: BOG =BEDDING ATTITUDE
CTC = COIo:TACT

3. FIRST FIGURE OF BEDDING ATTITUDE IS THE STRIKE,
SECOND ~IGURE IS THE DIP. EXAMPLE:
BOG N5D E, 34"SE = BEDDING ATTITUDE: STRIKE
N500E. ~IP HOSE.

4. FOR LOCATION OF BACKHOE PITS SEE DRAWING NO. VI-20.

SCHE

1.~iiiiiiiiiiiiiiii~~!!!!!!!!!!!!!Ii0iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiill~ FE ET
HOR IZONTAL = VC:RT ICAL

.,

W. A WAHlER COAL REFUSE DAM FAILURE BACKHOE PIT LOGS 20
& ASSOCIATES

SAUNDERS. WEST VIRGINIA PRDJEn N•. I .ATE I F I SUR E NO.

PHO ALlD NEWPORT BEACH CHIF. 0700 I ~IDVEt.lBER 1972 I A 6
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SHEET 3 OF 3

-:'

"I . ~ '.
. . ,;:. . lil



TABLE NO. A-l

DRILL HOLE SUMMARY
[FOR NOTES ANO ABBREVIATIONS. SEE SHEET 2 OF 3]

~EPTH TO .. ( fl) ELEVATIO'
HOLE O~TE(S) TOTAL AT

NO DRIL'.E~
DEPTH SOIL BEDROCK COLLAR LOCAT ION
( r l) SLUDGE TOP SURF~CE (r tl

S-I 4'5-6.'72 41.5 N. E. 29.0 32.5 1764.5 DAM NO.3, LEFT ABUTMENT
2 4 6-12 72 56.0 N.E. 39.0 43.5 1763.6 DAM NO.3, LEFT ABUTMENT
3 4 13-18 72 66.0 N. E. ? 47.0 1762.5 OAM NO.3, LEFT ABUTMENT
4 4 19-5 6 72 126.0 58.0 111. 0 113.0 1692.0 OAM NO.2, REFUSE BANK
5 6 25-27 72 111. 8 56.0 96.0 i 100.5 1690.0 OAM NO.2, NOSE nEMNANT
6 5, 8-10 72 51.5 33. O~ 34.0E 36.5 1706.0 DAM NO.3, n:GHT CHANNEL
7 5 12-16 72 106.0 28.0E 80.0~ 83.0 1702.0 DAM NO.3, CEHT:P. CHANNEL
8 5 17-18 72 86.0 32.0 63.0E 70.0 1707.0 OA~ NO.3. LEr 7 CHANHEL
9 5 10-22 72 105.0 34.0 ? 86.0 , 1704.0 OAP:! ~IO. 3. CENTER CHANNEL UPSTREAM

10 5 24-6 2 72 120.0 75 0 7 109.5 1701.Q DAP:! NO.3. CENTEn CHANNEL DOWNSTREAM
11 65-9 72 120.5 79.0 10B.0 112.0 1703.0 OAM NO.3. CENTER CHANNEL DOWNSTREAP:! TOE
12 6 28,7 10-14 721 174.0 N.E.

I
N. E, 7 2B.0 1750.0 CAP:! NO.3. RIGHT ABUTMENT

13 713-19 72 ~ 15.0 N.E. 94.0 102.0 1657.0 DAM NO. I. LEFT ABUTMENT REFUS E BANK
14 7 '19-24 72

I
115.5 34.0 104.0 115.5 1692.0 POOL 2

15 7 19-25 72 76.0 27.5 N. E.? 74.0 1657.0 POOL i

16 727 72 81.5 68.0 80.5 81.5 17 00.0 .~~u, NO.3. CENTER CHANNEL DOWNSTREAM
17 724-25. 72 70.0 33.0 N.E. 60.0 1700.0 I POOL 2. LEFTS1DE
18 7 27-28. 72 66.5 65.5 N. E. N. E. 1695.0 POOL 2. CENTER. UPPER END
'9 7 25-26 72 70.0 48.5 I N. E. 6B.0 168B.0 POOL 2. RIGHT SIDE
20 7 27-28 72 14.~ N.E.

I N. E. ~l.E. 1763.0 DAM NO.2. LEFT ABU,MENT
21 7 27 72 I C5.5 5D. 0 ; N. E. N. E. 1701.0 DAM NO.3, CENTER CHAN~EL DOWNSTREAM
22 7 31 72 41.5 40_ 0 I N. E. N.E. 1701.0 DAM ~lO. 3, CENTER CHANNE L OOWNSTREAM

I
TOTAL -- __________ ---! 1879.8 I

I

I I
B5-1

I
5,2,72 31.4 N.E. I ~28. C 31.4 1763.4 DAM NO.3. LEFT ABUTMENT

2 5, 2. 72 26.5 N.E. I -24.0 26.5 1764.0 DAM NO.3. LEFT ABUTMENT
3 5 '272 25.; N.E. I -22.0 25.7 1764.3 DAM NO.3. LEFT ABUTMENT
4 I 5272 I 26.0 N.E. 1-23-0 25-0 1765.0 OAH NO.3. LEFT ABUTMENT
5

I
5 2 72 37.0 N.E. I ~35. 0 37.0 1696.0 DAM NO. 2. R~FUSE BANK

6 5,2.6/23/72

I
81.0 "'!l0.0 I -79.0 -BD.O 1694.0 DAM NO. 2. R~FUS: BANK

7
I 5,2.6,24.'72 125.0 I "60 a 95E lOOE 1693.0 DAM NO.2, REFUSE BANK

B 52'72 15.0 I N. E. N.E.? 10-15£ 1705.0 I OAM NO.3. RIGHT CHANNEL AREA
9 5,3.10'72 G7.5 I -30.0 ? 67.5 1704.0 DAM NO.3. CENTER CHANNEL AREA

10 5'3.10/72 89.0 ? ? B9.0 1704.0 DAM NO.3. CENTER CHANNEL AREA
11 5,3;72 5B.0 N.E.? 54.0E 58.0 1716.0 I OAM NO.3. LEFT CHANNEL AREA
:2 52.72 39.5 H.E 36.0E 39.5 1728.0 DAM NO.3. LEFT CHANNEL AREA
13 5/2, It'72 81.0 -30.0 BO.5E B1. 0 1706.0 I DAM NO.3. CEN7ER CHANNEL AREA
14 5.'3.11,72 99.5 ? 9o-9SE 99.5 \700.0 ! O~M NO.3. CENTER CHANNEL AREA
15 5/3,'72 40.5 N.E. ? 7 40.5 1702.0 ; DAM NO.3. RIGHT CHANNEL AREA

W. A. WAHlER
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TABLE NO. A-I - CONTINUED

DRILL HOLE SUMMARY

TOTAL
DEPTH TO ... (tl)

ELEVAlIo,
HOLE DATES( S) DEPTH AT LOCATIONSO IL 8EDRoC~NO. DRILLED (fl ) SLUOGE COLLAR ITOP SURF ACE (1 t)

BS-16 5/3/72 46.5 ? ? 46,S 1709.0 DAM NO.3. RIGHT CHANNEL AREA
!7 5,'3.11/72 64.5 ? ? 64. DE 1696.0 DAM NO.3. LEFT CHANNEL AREA
16 5:'3/72 38.5 N.E.? ? 38.5 1720.0 DAM NO.3. LEFT CHANNEL AREA
19 7 18,72 20.5 -- .... ? I 2o.5E 1500. a I TOE OF REFUSE BANK AT BUFFALO

TOTAL 1012.6 i CREEK.
---------------

IP-I 5,4 72 65.0 1692.0 5I I'lEST OF 5-4, 5, 23.72 35.0 I 17 02. a ADJ ACENT TO S-7L

2 521 72 35 0 1707. a ADJACENT TO 5-8
4 523 72 35.G

I
1702. a ADJ ACENT TO S-7

5 5 23 72 35.0 1707. a AD JACENT TO S-8--
TOTAL --------------- 205, a i

~oTES I. FOR LOCATION OF "ilILL HOLES. EXCE~T 8S-IS SEE FIGURE VI-20
as-Is IS SHOWN ON FIGURE 111-3A

2 ELEVATIONS ARE APPROXI~ATE: THEY MAY NOT MATCH THE INDICATED
ELEVATION ON FIGURE VI-20 DUE TO PAD CUT OR FILL.

J ABaREVIATIONS ANO SYMBOLS: N.E =NOT ENCOUNTERED'
E~ ESTIMATED; - =APPROXIMATE; 7 =NOT DETECTED DR
UN~NoWN

•. SEE FOLLOWING PAGE FOR FP SERIES HOLES.

':~.
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. .~

- .~

t
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TABLE NO. A-l --CONTINUED

DRILL HOLE SUMMARY

HOLE OATE( S) TOT Al K200C
DEPTH LOCH IONNO. ORILLEO (f t) (em/see)

FP-IA

I
5:12 '72 2G.0 2.42xl[j'l ALL FP-SERIES HOLES ARE ON THE LEFT

2A 5. 15 72 40.0 - --- .. ABUTMENT REMN~T OF DAM NO. 3 ANC
3A 5 24-25. '72 10.5 - --- .. THEIR LOCATIONS AR~ PLOTTED ON FIG-
4A 5/31 72 25.0 ---- .. URE VI-20.
j~ 62:72 355 ---- ..
6A 7 17· 72 I 15.0 ..
7A 718. 72 15.0 2. 17xl0-4 } 2 TESTS IN FP-7A
7A 72072 1.79x 10-4
BA 7. 21·72 15.2 1.35x 10-4
9A 7 26-27,72 4.9 ...

lOA 7 25-26 72 4.5 4. 64x I0-5
l1A 7 2';-25 72 4 0 4.83xI0-5
12A 7 2772 6.B ..
13A 7 2B 72 4.9 2.85xl0-4
14A 7 31 72 4.2 4.15xl0-4

TOTAL ---------------- 205 5
GRANO TOTAL ---------------- 3302. 9

.. ~O USEFUL DATA OBTAINED. SEE FIELD PERMEABILITY TEST RESULTS
IN THIS APPENDIX FOR DETAILS .

.... SHNDARD T~ST NOT RUN. BUT A TRAVEL-TIME TEST WAS MADE SEE
FI,LD PERMEABILITY TEST RESULTS HEREIN

i-

W. A. WAHLER
& ASSOCIAHS

TABLE A-I
Sheet 3 of 3
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TABLE A-3
PENETRATION AND VANE SHEAR TEST RESULTS

(1) LOCATIDN OF PRDBES

LOCATION PROBE NUMBER

PRE-DRILLED HOLE @ DAM NO.2; s-4 Y-I
UPPER REACH OF POOL NO. 3 P-l. Y-l
UPPER REACH OF POOL NO. 3 P-2. Y-2
UPPER REACH OF POOL NO. 3 P-3. Y-3
UPPER REACH OF POOL NO. 3 P4. Y-4

PRE-DRILLED HOLE @DA~ ND. 3: 3-7 P-5. Y-5
PRE-DRILLED HOLE @DAM NO.3; s-s P-6. Y~

POOL BEHINO DAM NO. 4 P-l. Y-l
POOL BEHIND ~AM NO.4 P-2. Y-2
POOL 8EHIN~ DAM NO.4 P-3. Y-3

NOTE: SEE FIGURE VI-20 FOR FIELD LOCATION.

(2) PENETROMETER TESr RESULTS

DEPTH Til TAL DEPTH TOTAL
PROBE NO. RESISTANCE PROBE NO. RESISTANCE

III FT. kalcm 2 M FT. kalcm 2

DAM NO. 3 DAM NO. 4
P-l 0.2 0.7 3 P-I U 7.5 a

1.0 3.3 3 2.3 7.5 12
1.3 4.3 2 2.8 9.2 17
lo8 5.9 6 2.S 9.5 66
2.0 6.6 1 3.4 11.2 8
2.2 7.2 10 3.5 11.5 30
2.4 7.9 4 3.6 11.8 16
2.6 8.5 7 4.6 15.1 25
3.0 9.8 80 5.6 18.4 8

P-2 O. 2 0.7 1 5.9 19.4 29
1.0 3.3 4 6.2 20.4 14

1.1 3.6 1 6.5 21.3 71

I
2.3 7.5 3 P-2 a- 3.5 0- 11.5 0
2.4 7.9

L
70 3.5 - 7.0 11.5 - 23.0 2

P-3 0.2 0.7 4 P-3 o - 4.5 o- 14.8 0
0.7 2.3 5 4.5 14.8 6
1.3 4.3 2 5.0 16.4 0
2.0 6.6 2 5.5 18.0 2
2.3 7.5 4 5.9 19.4 7
2.4 7.9 50 6.4 21.0 0

P4 0.3 1.0 0 6.4 21.0 7
1.2 3.9 5 7.6 25.0 I

1.6 5.2 3
2.5 8.2 6
3.0 9.8 3

283.1 10.2 90

'.- -"

'-

W. A. WAHlER
&ASSD[I~iES
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TABL E A-3 - CONT INU ED
PENETRATION AND VANE SHEAR TEST RESULTS-CONTINUED

(2) PENETROMETER TEST RESULTS--CONTINUED

DEPTH TOTAL CEPTH TOTAL
PROBE NO. RES I STANC E PROBE NO. RESI STANCE

M FT. • alcm2 1.1 Fl. kll/cm 2

DAM NO. 3 DAM NO. 3-CONTlIIUEO

P-5 10.1 I 33. I 20 P-6 10.9 35.8 24
11.5

I
37.7 31 12.4 40.7 29

11.6 38.0 18 12.7 41.7 49
11.7 38.4 43 13.0 42.6 32
12.1 i 39.7 39 13.4 44.0 27
12.2 I 40.0 18 13.5 44.3 60
12.4 40.7 19 13.7 45.0 23
12.5 41.0 46 14.1 46.2 21
13.3 43.6 23 14.4 47.3 48
13.4 43.9 50 14.6 47.9 47
13.6 ':4 6 36 14.7 48.2 29
14.2 46.6 35 15. I 49.5 28
14.3 46.9 20 15.4 50.5 41
15.4 50.5 47 15.6 51.2 29
15.5 50.8 20 16.4 53.8 21
15.9 52.2 19 16.7 548 40
16,0 52.5 52 17. 0 55.8 19
16.2 53.1 45 17.3 56.8 19
16.3 53.5 20 17.4 57.1 42
16.5 54.1 19 17 •7 58.1 42
i6.9 55.4 55 17.8 58.4 22
17.1 56.1 32 18.2 59.7 26
17.2 56.4 53 18.5 60.7 . 46
17 .9 58.7 22 18.7 61.4 22
18. I 59.4 45 19.1 62.7 20
19.0 62.3 22 I 19.2 63.0 32
20.0 65.6 41 20.2 66.3 18
20.5 67.3 26 21.0 68.9 23
21.8 71.5 50 21. I . 69.2 36
22.0 72.2 25 21.6 70.9 18

22.2 I 72.8 20 21.8 71.5 80

22.3 i 73.1 45
22.7 74.5 75

(3) VANE SHEAR TEST RESULTS
DEPTH

" A'I VALUE VANE COEF. SHEAR STRENGTH *PRDBE NO. TEST NO.
H FT. IN. psI/lN. psI

DAM NO. 2
V-I S-I 20.D 65.6 2.59 1300 3370

S-2 21.0 6U 2.78 1300 3620
s-J 2J. 9 71.9 2.98 1300 3870
S-3

(REMOLDED) 21.9 71.9 1.40 1300 1820
S-4 23. I 75.8 I. 75 1300 2270
S-5 24.0 78.8 1.69 1300 2200
S-6 24.9 81.7 1.05 1300 1360
S-6 24.9 81.7 0.82 1300 1070

(P.EP:IOLDEO)

.?

;.,

oil SHEAR STRENGTH - " A" VALUE I VANE COEFFICIENT.

W.A. WAHlfR
&ASSOCIAHS
~~/I.~:'._----"-'- -_.- .-.- ..------

SEE APPENDIX A, SECTION E FOR INTERPRETATION.
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(3) VANE SHEAR TEST RESULTS-CONTINUED

PROSE NO. TEST NO. I
DEPTH " A" VALUE VANE COEF. SHEAR STRENGTH *

M FT. IN. psi/IN.

OA~ NO. 2--CONTINUED

V-I S-7 26.0 85.2 LID 1300 1430
CONT. S-8 27.0 88.6 1.24 1300 16JO

5-9 28.0 91.9 1.34 IJOO 1740
5-9 28.0 91.9 LOB IJOO J400

(REMOLDED)
5-10 29.0 95.2 1.87 lJOO 2430
5-11 29.7 97.5 3.14 1300 4080

DAM NO. 3

V-I 5-1 1.0 3.3 0.44 1300 570
5-2 2.0 6.6 0.73 IJOO 950
5-3 30 5.8 3.26 1300 4240
S-3 3.0 9.B 2.B7 1300 3730(REMOLDED)

,
S-4 3.5 11.5 4.03 130e 5250

V-2 5-1 \.0 3.3 0.39 1300 510
S-2 1.9 6.2 0.78 1300 1010
S-3 2.2 7.2 0.62 1300 BIO
S-3 2.2 7.2 0.45 1300 590

(REMOLDED)
V-3 S-I 1.0 3.3 0.66 J300 660

I 5-2 2.0 6.6 0.69 1300 900
S-J 2.9 9.5 " 4.25 1300 5520
5-3 2.9 9.5 4.07 1300 5280

(REMOLDED)
I

Y-4 5-1 1.0 3.3 0.55 I 1300 720
5-2 I.B 5.9 !J.Bl 130n 1050
S-3 2.B 9.2 3. J3 1300 4070
S-3 2.B 9.2 2.52 1300 3280

(REMOLDED)
Y-5 S-1 11.0 36.1 3.65 1300 4750

5-2 13.2 43.3 1.B3 1300 2380
S-3 15.0 49.2 2.BS 1300 3760
S-3 15.0 49.2 1.70 1300 2210

(REMOLDED)
S-4 16.5 54.1 2.02 1300 2620
5-5 17 .8 58.4 3.5 + 1300 4550+
S-6 lB. I 59.3 3.5 + 1300 4550+
S-6 16. I 59.3 3.5 + 1300 4550+

(REMOLlJEO)
V-6 5-J 11.2 36.7 3.40 1300 , 4420

S-2 12.5 41.0 1.53 1300 .,' 1990
5-3 14.9 48.9 3.46 1300 4530
5-3 14.9 48.9 2.04 1300 2650

(REMOLDED)

./

W.A. WAHlER
& ASSU~IAlES

TABLE A-3 - CONT INUEO

PENETRATI O!'! AND VANE SHEAR TEST RESULTS-CONTINUED

* SHEAR STRENGTH - " A" VALUE. VANE COEFFICIENT. SEE APPENDIX A•• SECTION E FOR
INTERPRETATION. TABLE A-3
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TABL E A-3- CONT INU ED
PENETRATION AND VANE SHEAR TEST RESULTS-CONTINUED

(3) VANE SHEAR TEST RESULTS-CONTINUED

,-

DEPTH IIAII VALUE ~AIIE CDEF. SHEAR STRENGTH *PROBE NO. TEST NO.
M I FT. IN. gSf/IN.

DAM NO. 3--CONTINUED

V-6 s-4 16.0 52.5 3.55 1300
,

4620
CONT.• S--5 18. 1 59.4 2.42 1300 3150

S--6 19.3 63.3 3.44 1300 4470
s-6 19.3 63.3 1. 65 1300 2150

(mOLD EO)

DAM NO. 4
V-I S-1 2.0 6.6 0.21 1300 7.70

S-Z 2.4 7.9 1.41 1300 1830
$-Z 2.4 7.9 0.26 1300 340

(REIII)LOEO)

V-2 S--l 1.0 3.3 0.16 650 ICO
5-Z Z.O 6.6 0.11 650 70
s-J 4.4 14.4 0.32 650 210
S-3 4.4 14.4 a 19 650 120I (REM~OEO)

6. I 20.0 0.61 650 400
5-5 7.5 24.6 3.93 650 2560

~-3 S--! 2.0 6.6 0.10 1300 130
5-2 4. Z 13.B 0.25 1300 325
5-3 6.JI. 19.7 ~!. BO 1300 iD40
S-3 6.0 19.7 0.62 1300 810

(REHOLDED)
s-4 6.9 22.6 2.4B 1300 3220

* SHEAR STRENGTH = "AIIVALUE 1 VANE COEFFICIENT. SEE APPENOIJ A. SECTION E FDR INTERPRETATION.
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HOLE 5-3 WATER PRESSURE TESTS

Cumulative
Gallons

0.7
1.4
2.3
3.0
3.7
4.6
5.2
5.9
6.7
7.4

Gallons
'Laken
OT

0.7
0.9
0.7
0.7
0.9
0.6
0.7
0.8
0.7

PSIG = 25. other data same as above
Gallons Cumulative

Minute No. Taken Gallons
1 ~ 0.4
2 0.4 0.8
3 0.6 1.4
4 0.6 2.0
5 0.7 2.7
0 0.6 3.3
7 0.7 4.0
8 0.6 4.6
9 0.6 5.2

10 0.6 5.8

Minute No.
1
2
3
4
5
6
7
8
9

10

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 water
travelled from the test interval
through fractures to enter the drill
hole above the top packer. Test
terminated. packers reset for Test #3.

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

Cumulative
Gallons

5.9
11.9
17.5
23.1
28.8
34.3
40.9
46.3
51.8
57.1
62.5
67.!!

Cumulative
Gallons

0.5
1.2
1.9
2.6
3.1
3.7
4.2
4.8
5.4
5.9

same as above
Cumulative
Gallons

2.6
5.2
7.6

10.1
12.6
15.0
17.4
19.7
22.1
22.4

Gallons
Taken

5.9
6.0
5.6
5.6
5.7
5.5
6.6
5.4
5.5
5.3
5.4
5.3

Gallons
Taken
0":""5

0.7
0.7
0.7
0.5
0.6
0.5
0.6
0.6
0.5

other data
Gallons

Taken
2:"6

2.6
2.4
2.5
2.5
2.4
2.4
2.3
2.4
2.3

No.

Minute No.
1
2
3
4
5
6
7
8
9

10
11
12

Hinute

Interval ~0.0-65.0

Gravity Head: 72.5 feet
PSIG 25

1
2
3
4
5
6
7
8
9

10
Test /12

B.

Test tIl
I. Data Compilation

A. Interval 65.0-66.0
Gravity Head: 70 feet

PSIG = 25

Minute No.
.c 1

2
~

3
4
5
6
7
8
9

10

PSIG = 100.

W. A. WAHLER
&ASSOCIATES 0700 NOVE11BER 1972

.,,
il- .,



.. "'" '.... ."'"

I -~

HOLE 5-3, WATER PRESSUR~ TESTS--Continued
~,";.

Test i/3
... C• Interval 60.0-66.0 Interval = 60.0-66.0
.'.•.~ Gravity Head: 73 fee:t Gravity Head 73 feet

PSIG = 25 PSIG 50
Gallons Cumulative Gallons Cumulative

Minute No. Taken Gallons Minute No. Taken Gallons
1 8T 8.8 1 10.3 10.3
2 8.0 16.8 2 10.7 21.0
3 9.5 26.3 3 10.1 31.1
4 8.S 34.8 4 10.5 41.6
5 8.6 43.4 5 10.3 51.9
6 8.6 52.0 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 9 10.8 94.4

10 8.4 85.6 10 10.6 105.0

PSIG = 75, other data same as above Interval 60.0-66.0
Gallons C4.mulative Gravity Head: 73 feet

Minute No. Taken Gallons PSIG = 25
1 13.3 13.3 Gallons Cumulative
2 13.6 26.9 Minute No. Taken Gallons
3 13.7 40.6 1 6T 6.5
4 13.7 54.3 2 6.3 12.8
5 13.5 67.8 3 5.6 18.4
6 14.0 81.8 4 6.3 24.7
7 13.9 95.7 5 6.5 31.2
8 14.0 109.7 6 6.4 37.6
9 13.0 122.7 7 6.5 44.1

10 13.6 136.3 8 6.4 50.5
Note: 75 PSIG = Mcu:. pressure 9 6.5 57.0
obtainable with this pump for 10 6.4 63.4
the interval.

Test 114
Interval 54.0-59.0

Attempted test, but packer wO'lld not hold.
Since there were no other ,otentially testable
intervals in the hole, the water pressure
test program for hole 3 was terminated.
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Ie
Minute

No.
1
2
3
4
5

PSIG 100
Gals.
Taken

10
9

11
10
10.5

Id PSIG 25
Cum. Mi~te Gals. Cum.
Total No. Taken Total
10 1 0.6 0.5
19 2 0.7 1.3
30 3 0.7 2.0
40 4 0.7 2.7
50.5 5 0.6 3.3

Holding Test:
Pressure,psig

100
50
25
10

5
o

W.A. WAHLER
&ASSOCIATES

TilIIe, see.
o
5

30
70

150
210

0700 :-<OVE}ffiER 1972
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HOLE 5-6. WATER' PRESSURE TESTS-Continued

IIa PSIG 25 lIb PSIG 50
Minute Gals. Cum. Minute Gals.

No. Taken Total No. Taken
1 0.0 ·0 1 0.5
2 0.0 0 2 0.0
3 0.0 0 3 0.0
4 0.0 0 4 0.0
5 0.0 0 5 0.0

lIe PSIG 100 IId ?SIG 25
Minute Gals. Cum. Minute Gals.

No. Taken Total No. Taken
1 0.0 0 1 0.0
2 0.0 0 2 0.0
3 0.0 0 3 0.0
4 0.0 0 4 0.0
5 0.0 0 5 0.0

Holding Test
Pressure, Time,

PSIG Minutes
u:o 0
100 1/4

95 1
85 2
82 3
77 4
75 5 end test.

Series II
Interval 41.0-49.0

W. A. WAHlER
&ASSOCIATES

Gravity Head 50.0 Ft.

0700

Cum.
To!:al
0.5
0.5
0.5
0.5
0.5

Cum.
Total

o
o
o
o
o
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HIGHLV ORGAtllC SOILS PT ?EAT. ~UCK AND OTHER HIGHLY ORGA~IC SOILS.

II-_~=-_-r_-::S~A,:"N-::D r---::~=_--1I_~=-_G_RATV_~-:L~=,...-j1 C0BBLE~
I "INE I "EDIUM I COARS' I FltlE I COARSE l

SASEO ON THE ~ATERIAL PASSING
THE 3-IN. (75-~~) SiEVE.

U.S.
200

SILTS & CLAYS OISTIN
~UISHED O~ eASIS OF
PL~STICITY

DEFINITION OF TERMS
GRAIN SIZES

STANDARO SERIES SIEVES
50 16

CLEAR SQUARE SIEVE OPENIHr,S

3/,11 3" 12"

I BOULDERS

BLOWS/FoOi*RELATIVE DENSITY

MOISTURE CONDITION (INCREASING MOISTURE ---) S~NDS & GRAVELS
SLIGHTLY DArlP oAr.1P 1/,0lST VERY rlOlST WET (SATURATED)

(PLl (LL)
GRY

SAMPLE NUMBER COLUMN MODE COLUMN REf:1ARKS COLUMN VERY LOOSE 0-'

4-10

10-30

30-50

OVER 50

O-~

J~-J.1

';-1

1-<
2-4

OVER 4

0-2
2-4

4-B
8-1G

lG-3Z
OVER 32

CLAYS & SILTS

VE~Y DErISE

OENSl

VERY SOFT
SOFT
FIRM
STIFF
VERY ST I r~

H~RD

LOOSE

MEDIUM DENSE

CONSIS7ENCY BLOWS/FOoT$ STRENGTH**

TER~INATED HOLE: SUFFI
CIENT INFORMATION DB
TA INEO.

NUMBER OF BLOWS REQUIRED
TO DRIVE SAMPLER IS
SHOWN rOR EACH 0.5' OF
PENETRATION AS FOLLOWS:

17/22/29 FOR ~ TOTAL 0"
1.5 FEET: N =51 BLOW _
COUNTS SUf:1MEO FOR LAST
1.0 FOOT.

RECOVERY RATIO INDICATED ..----------....&-----1
BY A FRACTION:

.!..:l. =FOOTAGE RECOVERED
1.5 FOOTAGE SAMPLED

'.'ETHon OF ADVANCIN.
HOLE: ' . • .

DRILL
HaLLCW· 4 S.r E~

AUGER.'.. _•.....••• AH
SPIN AUGER ...•..••• SA
R07ARY DRILL RO
CABLE iDOL .•••.•••• CT

SAMPLER
DRIVE (STO. PENETRO-

METEP.).~ ... __ .... n
PITCHER 9ARR::L ...• P9
CCRE ••.••••••••••• C
PUSH P

TYPE OF SA~PLE CO~

TAI~ER:

BAG .. __ ... __ ..... _. 8

JAR .•........... 1

SHELBY TUBE _•. S

LINER (TUBE) - -. L

"IR~PPEO CDR: .•..••. we
SOX ••.•..•••..•.... X

PITCHER TUEE ....... P8
PISTON _. __ ..•..• PST

* NUMBER OF BLOWS or 140 POUND HAMMER FALLING 30 INCHES TO DRIVE A 2-INCM 0-0. (1-3/8 INCH 1-0.)
SPLli SPOON(STANOARO P:NETROMETER).

,,', UtlCONF It!ED COr.?RESSI-IE STRteN.TH IN TDNS.lSQ. FT.W.A. WAHlfR
&ASSOC!AHS ?.tlO AL 70 • N~""PO?T BEACH • ':AllF. I ~EV FOR EXPLORATION LOGS

TABLE A-4

I~



TEST HOLE NO.:

LOCATION:

FIELD PE~'~~TER TEST RESULTS

FP-1A

Left abutment remnant, D~~ ~o. 3.

,;.

:~

",

HOLE DIAMETER: 4"

TESTED INTERVAL: 10.0 to 20.0 feet

, .

, >
! ~-,

DATE OF TEST: ~tay 12, 1972

TIME WATER VOLUME WATER TEMPERATURE
CLOCK ACCUM. ACCUM. FLOW
(hrs) (min) (gal) (degrees C)

955 0 0

1115 80 48.0 15

1133

1255 168 92.8 17

1305

1405 228 126.8 19

1421

1521 288 161. 6 18

1536

1636 348 198.6 17

1648

1718 378 216.0 16

Coefficient of permeability from nomograph:

ISooc =250 ft/yr or 2.42 x lO-4cm/sec

~-.

...-_~.

W.A. WAHLER
&ASSOCIATES

0700 NOVEMBER 1972



-t
FIELD P~;RtlEANETER TEST RESULTS

TEST HOLE ~O.: FP-2A

L()C.-\TIO:;: Left abutment remnant, Dam No.3.

lIOLE DIA~lETER: 6"

TESTED I~TERVAL: ~ot run

DATE OF TEST: ~lay 15, 1972

:-':oCes: ilole was seC up drilled to 40 feet, ~ravel @ 20-40, casinp; @ 0-20. It
.."as ab.:mdoned \~l:len ini tial results indicated the in terval gravelled was
too larl2e for practical testinp. of a 6" hole. The hole took 6.1 ?,pm fOT
approxi;;tately 1 lIr ...ith the tJater level sta:>ilized at the cop of the
hravel. TIle water did not rise inco the casing.

..........

I:

!

r

.
t

w. A. WAHlER
& ASSOCIATES

------------

0700 NOVEMBER 1972
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..,._- -.~ .. -~----~'

FIELD PER}~~~TER TEST RESULTS

TEST ilOLE :\0.: FP-3l\.

LOCATIO~: Left abu~ent. Darn ~o. 3.

HOLE DIA:1ETER: 6"

TESTED I~TERVAL: 3.6 to 10.5 feet

<.

DATE OF TEST: :-fay 24-25. 1972

The results tvr two consecutive days of testing were inconsistent. Hole was
abandoned and data not processed.

80

.' ,'loo,

WA. WAHlfR
&ASSOCIAHS 0700

., iii

NOVE.'1BER 1972

.;

l'

4:.-------- -~_~_:.c...;o;;; ..;
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TEST HOLE :'<0.:

LOCATlO~:

FIELD PEffi-1EMmTER TEST RESULTS

FP-4A

Dac No.3, left abutment remnant. .--
HOLE DIAHETER: 4"

TESTED I~TERVAL: 19.6 to 25.0 feet

DATE OF TEST: ~'1ay 31, 1972

Remarks: Could not establish a water level in the casing. rtole took 4 gal/minute
from the supply hose for approximately 1/2 hour before efforts to
establish water level in casing were abandoned.

, .
i

0700 NOVEMBER 1972

l,,
~ ~.

W. A. WAHLER
&ASSOCIATES



FIELD PERHEA..1'1ETER TEST RESULTS

TEST iiOLE NO.: FP-sA

LOCATION: Left abutment remnant. Dam No. 3.

HOLE DIA:-!ETER: 4"

TESTED INTERVAL: 30.0 to 35.5 feet

DAT~ OF TEST: June 2. 1972

Remarks: Could not establish and maintain a water level just above the gravel
top at 30.0 feet depth. \~eight of float chain too hiBn; when
additional counterwei~hts were added to the valve. it would not
properly function ~hile carrying the extra weight.
Hole abandoned in favor of additional shallow holes.

. }

-'

W.A. WAHLER
&ASSOCIATES

........' -

0700 NOVEt"1BER 1972
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FIELD PERHEA:·1ETER TEST RESULTS

TEST HOLE NO.: FP-6A

LOCATION: Left abu~"ent remnant. Da~ Xo. J.

HOLE DIA:1ETER: 4"

TESTED INTERVAL: 10.0 to 15.0 feet

DATE OF TEST: July 17. 1972

Remarks: 900 gallons of water placed in hole in 45 ~inutes.

~Jater level r:1<!intained at 6" above top of gravel durin~ pouring - no
sign of stabilizing.

~.
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t.
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i

~
~

r

1
,'-
.'

~' -'

W. A. WAHlfR
&ASSDCIAHS
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TEST HOLE NO.:

LOCATION:

HOLE DIAMETER:

TESTED INTERVAL:

DATE OF TEST:

FIELD PER:·lEAHETER TEST RESULTS

FP-7A

Left abutment remnant, J)"Ir.l 1<0. 3.

4"

7.5 to 15.0 feet

July 18. 1972

''\-
..:,..

TIME WATER VOLUME
CLOCK ACCUM. ACCUM. FLOW
Chrs) (min) (gal)

902 0 0

917 15 8.0

932 30 17.0

947 45 26.5

1002 60 35.0

1037 95 52.5

1107 125 70.0

1211 189 105.5

1333 271 141.0

1520 378 169.0

1627 445 196.0

Coefficient of permeability from nomograph:

Kzoo c ~ 225 ft/yr or 2.17 x 10-4 cm/sec

WATER TEMPERATURE

(degrees C)

25

25

25

25

25

26

27

28

29

30

29
\.

W. A. WAHlER
& ASSOCIATES

0700

" I

NOVEMBER 1972
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TEST HOLE NO.:

LOCATION:

HOLE DIAMETER;

TESTED Ir.-rERVAL:

DATE OF TEST:

FIELD PER~~TER TEST RESULTS

FP-7A (continued)

Left abutment remnant, Dam No.3.

4"

7.5 to 15.0 feet

July 20, 1972

TIME WATER VOLUME WATER TEMPERATURE
, CLOCK ACCillL ACCUM. FLOW

(hrs) (min) (gal) (degrees C)
,
?:

842 0 0 24

942 60 19.5 25
;i.

1042 120 38.5 26

1148 186 57.0 26
-t

1300 258 79.0 29"

"'

1406 324 97.0 27
• 1506 384 115.0 29
"

1613 451 132.5 29
1645 483 142.0 29

"

-,

Coefficient of permeability from nomograph:

~Oo C = 185 ft/yr or 1. 79 x 10-4 em/sec

85

"-,
"

w. A. WAHLER
&ASSOCIATES

I

0700
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P'IELD PERHE:A'1ETER TEST !".ESULTS

<.", .....

,-

TI::ST HOLE NO.:

LOCATION:

HOLE DIAMETER:

TESTED INTERVAL:

DATE OF TEST:

FP-8A

Left abutment remnant, Dam No.3.

4"

9.1 to 15.2 feet

July 21. 1972

TIME WATER VOLUME
CLOCK ACCUM. ACCUM. FLOW
(hrs) (min) (gal)

1055 0 0

" 1110 15 3.5

1125 30 5.5
i.. 1140 45 8.0

1155 60 10.5

1255 120 20.0
-.

1355 180 30.5

1455 240 40.5

Coefficient of permeability fro!ll r.omog;:,3(,i-;:

K2 00 C = 140 ft/yr or 1.35 x 10-4 em/sec

WATER TEMPERATURE

(degrees C)

28

28

28

28

29

30

30

31

W.A. WAHlER
& ASSOCIATES

0700 NOVEMBER 1972
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TEST :-luLE ~W.:

LOCATIO... :

al1LE DIA:-!LTCR:

FP-9!1

Left abutment remnant. Da:n :lo. 3.

4"

I
I
I,
i

.~ TESTED LlTERVAL: 1.2 to 4.9 feet

D,\TE OF TEST: July 2(,-27. 1972

Remarks: 0ater s~ep observed in hillside 13' from aole. ~l~vntinn of seep is
2.5' below t0i' of water in hole. ;\rr.ount of flow ~.I:1S about t!,e sar.1e
as flov into hole. The test :,,'ns tcr:ninated.

Travel tim~ test: The obvious channel-type floW' above neZilted nny
attel'"lpt to run the usual test, but provided .:m opportunity [or a
crude travel ti'ile test performed on July 27. 1972. Flo\.I to the secp
\l.:l.S re-established nnd n hend of 2.45 feet \-las Mnint:>.ined. !~ed dye
:..oas adcied to the test hole and the seep ~MS observed for its appearance.
".1ter temperature was 70o F; horizoLltal distance fro::l the bole to tne
seep was 13 feet. TIle first traces of red dye appeared at the see?
14.5 minu:~~ after it was put in the hole; a stronger color <I?peared
16.0 minutes after the dye \1af' put in the hole, and vcr] strong color
appeared at the seep 17.0 minutes after the dye was pat in the hole.
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TEST HOLE NO.:

LOCATION:

HOLE DIAMETER:

FIELD PER"m.A!1ETER TEST RESl'LTS

FP-10A

Left abutment remnant. Dam ~o. 3.

4"

----~~-

TESTED INTERVAL: 0.9 to 4.5 feet

DATI:: OF TEST: July 25 and 26, 1972

t
TIME WATER VOLUME WATER TEMPERATURE

CLOCK ACCUM. ACCUM. FLOW
(hrs) (min) (gal) (degrees C)

926 0 0 25

1026 60 1.4 25
t 1126 120 2.5 26

1226 180 3.7 27

1326 240 5.3 27-
1426 300 6.6 27

t 1526 360 8.0 28

1626 420 9.4 28

800 (7/26) 1354 29.7 21

t

~ Coefficient of permeaoi1ity from nomograph:

~:.

~OoC= 48 ft/yr or 4.64 K 10- 5 em/sec

'C
" ..
'"

,

•

"..
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FIELD PEK lEA,·lliTEP. TEST RESULTS

._--_.-~-.--- _. __ ......

TEST HOLE NO. : FP-llA
l~

LOCATION: Left abut:nent rer:mant. DaIn ~o. 3.

HOLE DIAMETER: 4"

:; TESTED INTERVAL: 0.7 to 4.0 feet

DATE OF TEST: July 24 and 25, 1972

...

TIME WATER VOLUME WATER TEMPERATURE
CLOCK ACCUM. ACCUM. FLOW
(hrs) (min) (gal) (degrees C)

.~: 855 0 0 27-.f:
t.

1.4 27'. 955 60
~.

1055 120 2.6 27

1155 180 3.5 28
:;. 1255 240 4.7 29

1355 300 6.1 30......
1455 360 7.4 30

1555 420 8.7 31

1655 480 10.1 32

805 (7/25) 1390 30.4 25
:T..

.,:

Coefficient of permeability from nomograph:

~Oo C= 50 ft/yr or 4.83 x 10- 5 em/sec

'.:

W.A. WAHLER
&ASSOCIATES

.. .,.:
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TEST fiOLE NO.:

LOCATION:

HOLt: DIMlETER:

FIELD PERMEAMETER TEST RESL'LTS

FP-I2A

Left abutment remnant. Dam No.3.

4"

..
----.........,._._~.~~.~: ..

'~

i
J

,.

i ~.,.

T£STED INTERVAL: 3.8 to 6.8 feet

DATE OF TEST: July 27. 1972

Remarks: IJater drained from hole as fast as barrel would empty for 324 gallons.
Could not establish a uater level in the casing.

WA. WAHLER
&ASSOCI AlES
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LOCATION: Left abutment remnant. Dam No.3.

.,--~-

~: I

-....
TEST HOLE NO.: FP-13A

FIELD PERIiEANETER TEST RESULTS

'.,...

___________~~,'~._:_"---:__7..

\

-....

HOLE DIAMETER: 4"

TESTED INTERVAL: 1.3 to 4.9 feet

DATI: OF TEST: July 28. 1972

~

~

~

,.

TIME WATER VOLUME WATER TEMPERATURE
CLOCK ACCUM. ACCUM. FLOW
(hrs) (m:n) (gal) (degrees C)

1145 0 0 21

1215 30 4.2 21

1215 60 8.1 21

1315 90 12.0 22

1345 120 15.~8 22

1415 150 ;,.19.5 22

1445 180 23.2 22

1515 210 26.9 22

1545 240 30.6 22

1615 270 34.3 22

1645 300 38.0 22

COEFFICIENT OF PERMEABILITY FROM NOMOGRAPH:

~Oo C = 295 ft/yr or 2.85 x 10-4 c~/sec

W.A. WAHLE~
&ASSOCIATES 0700 NOVEMBER 1972
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FIELD PEP~IE.AMETER TEST RESULTS

TEST HOLE NO.: FP-14A

~

..
"

J;

,

LOCATION: Left ab~tment remnant. Dam No.3.

HOLE DIAMETER: 4"

TESTED INTERVAL: 0.7 to 4.2 feet

DATE OF TEST: July 31. 1972

TIME WATER VOLUME WATER TEMPERATURE
CLOCK ACCUM. ACCUM. FLOW
(hrs) (min) (gal) (degrees C)

903 0 0 19

918 1S 2.4 19

1003 60 9.3 19

1033 90 14.2 19

1133 120 24.1 19

1233 180 34.1 20

1340 247 44.2 20

1440 307 54.2 20

1540 367 64.1 21

Coefficient of permeability from nomograph:

Kzoo = 430 ft/yr or 4.15 x 10-4 em/sec

32
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A?PENDIX B

LABORATORY INVESTIGATION

A. GENERAL. ~.

.f,

This Appendix includes a discussion of test procedures and actu21 test

~sults for the laboratory investigation performe~ by W. A. Wahler

and Associates on the various embankment and foundation ~aterials

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 soil engineering

characteristics 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 Society of Testing

a.,d Materials (ASTI1).

Various bulk and undisturbed samples used in the laboratory investi

gation were obtained during the course of the field investigation

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

drill hole logs, various 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 diameter

Shelby-type tubes and the large (50-lb.) bulk samples, were transported'

to our labo~atory in Palo Alto for more extensive examination and testing.

Laboratory testing completed in Logan, West Virginia consisted of 22

triaxial tests, 13 water contents and dry denSities. and 8 permeability

determinations in conjunction with triaxial tests. All other tests •

i,;j". "

W.A.WAHlER
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reported herein were completed at our main laboratory in Palo Alto,

California. All of the various laboratory tests performed during the

course of this investigation are described below. Ident~fication of

each sample is by hole number and depth or by field density (FD)

number if the sample was obtained by means other than rotary drilling.

Additionally, a special series of triaxial tests was performed on

samples, typical of Dam No. 3 embankment, and materials fabricated in

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

B. INDEX PROPERTIES TESTING

In the field of soil mechanics and earth dam design, it is advantageous

to have a standard method of identifying soils and classifying them

into categories or groups that have similar or distinct engineering

properties. The most commonly used method at present is the Unified

Soils Classification System (USCS) as described by ASTM D2487-69T.

The uses is based on a recognition of the various types and significant

distribution of soil constituents, considering individual grain-size,

If.agnitude and type of gradation characteristics, and plasticity of

materials.

The inde~ properties tests presented in this report included the deter

mination of natural water content and in-place dry density, specific

gravity and absorption, Atterberg Limits and grain-size distribution

for both the embankment and foundation materials.

1. Natural Water Content and Dry Density

Natural water content and in-place dry density data were determined in

the laboratory on extruded 3-inch diameter Shelby tube samples used

for triaxial testing. Moisture content and density data were also deter

mined on additional samples for correlation. Each sample was trimmed

J',

, :...
i
~.
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to obtain 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 temperature of ~lOoF. The 110°F

temperature, which deviates from the specified 210°F in ASTM, was

necessary to prevent spontaneous combustion of the coal waste material

and was determined by trial and error methods.

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

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

2. Grain-Size Distribution

..,
_..----

.~,

The gradation characteristics of selected samples of embankment and

foundation materials were determined in accordance with ASTM designa

tion D422-63 and Dl140-S4, except as modified below. Representative

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

tion D42l-S8. The samples were soaked in water until individual soil

particles were separated, and then washed on a #200 mesh sieve. That

portion of the material retained on the #200 mesh sieve was oven-dried

and then mechanically sieved. A hydrometer analysis was performed

using a constant temperature hydrometer bath, for those samples with

more than apprOXimately 30 percent passing the #200 mesh sieve. Sodium

hexametaphosphate was used as a dispersing agent. The grain-size

distribution test for samples tested are presented on Figure B-2,

sheets 1 through 25.

3. Atterberg Limits

The liquid and plastic limits for selected samples were determined in

accordance ~~th ASTM cesignation D423 and D424. Results of the

Atterberg Limits are presented on Figure B-3, sheets 1 through 3.

Results of the Atterberg Limits have also been presented on the

Gradation and Compaction Sheets and on the triaxial test result sheets,

where appropriate, to aid in interpretation of such results.

WA.WAHlEA
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4. Specific Gravity
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Specific Gravity determinat~pns were made primarily on samples used.-,

for compaction or triaxial testing in accordance with ASTM designation

D854-58. In addition, bulk Specific Gravity determinations were con

ducted on the Field Density samples containing aa substantial amoUDt

of plus 3/4-inch size material, us:ng ASTM Method e127. One bulk

Specific :Gravity was also conducted on the combined sample A-I, used

for lab-fabricated 4.0-inch triaxial testing. The specific gravity

test results pre presented on Figure B-4, sheets 1 and 2, and also on

the individual triaxial, gradation and compaction test results.

c. ENGINEERING PROPERTIES TESTING

--

The engineering properties testing 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 d~termine the moisture-density

relationships of the materials. The tests were performed using a

Howard mechanical compactor in accordance with ASTM designation D1557-7Q,

modified to yield a compactive energy of 20,000 foot-pounds per cubic

foot (Ft-1b/ft
3

) by reducing the number of layers to 3 and the number of

blows per layer of a 10-lb. hammer to 15. For the coarse-grained

materials, it was necessary to scalp the total sample on the 3/4-inch

sieve prior to performing the compaction tests. Compaction test results.

together with gradation characteristics of the materials tested are

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

W.A.WAHlER
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2. Static Triaxial Shear

The triaxial shear testing program was planned to determine the shear

strength parameters of both the coarse waste and sludge constituents

of the embankment and foundation materials. The program was detailed

in scope &,d consisted of testing undisturbed 3-inch diameter Shelby

tube samples and 4.0-inch diameter laboratory-fabri cated samples.

Our main laboratory is equipped with a panel of 6 bays. with individual

pressure control to each bay, such that the 6 triaxial samples can

simulta~eously be saturated and/or consolidated at different individual

pressu,·es. The portable laboratory tri'liler contains 3 bays for 3

individual samples. Other than this minor difference. the two labora

tories possess the same triaxial testing capabilities. Bleeding air

regulators capable of delivering air pressure up to 200 psi are used to

control the top. bottom. and chamber lines leading to the triaxial

cells. Each saturation bay is also equipped with constant diameter

Pyrex sight tubes. each with a cross sectional area of 0.0767 square

inches. lolhich connect with the base of the triaxial cell. and thus to

the sample. The sight tubes are easily read to the nearest 0.1 inch.

Which indicates an accuracy of volume change readings of better than

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

triaxial cell and strain control testing machine is shown in Photoplate

B-l.

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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TRIAXIAL 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 VOL
UME CONTROL FOR THE TOP. BOTTOM. AND CHANBER LINES OF EACH CELL.)
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b. Fabricated Samples - Due to the large grain size of some of the

embankment materials. it was necessary to conduct a series of laboratory

fabricated 4.0-inch diameter triaxial tests. An extensive study was

performed to obtain an average gradation. dry density and water content

from all of the field and laboratory data. These averages were used

as the guide for fabricating samples.

The set-up gradation for the triaxial samples simulated that of the

total average gr2dation except for the exclusion of plus I-inch

material, the weight of Which was compensated for by inclusion of 3/4

to I-inch material so that the percent passing the 3/4-inch sieve was

identical to the average total gradation (Figure B-2. sheet 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 to 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 into the sample until a given

weight of soil occupied a known volUilie. The sample was compacted in five

equal layers with care being taken to scarify each compacted surface

in order to preclude preferential bonding or laminae developing between

layers. These specimens were compacted to the predetermined average

dry density obtained as explained previously and were designated

Sample A-I. The results of these laboratory 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

W. A. WAHLER
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STAGE 1.--SAMPLE IS FABRICATED BY
KNEADII;G COMPACTION INTO 2.6"
OR 4.0" DIAMETER MOLD USING FIVE
EQUAL LAYE~S.

STAGE 3.-SAMPLE IS MOUNTED ON
PEDESTAL OF TRIAXIAL CELL. FILTER
STRIPS MAY BE REQUIRED TO SPEED
UP CONSOLIOATION TIME OF IMPER
VIOUS SOILS.

.......".'

STAGE 2.--REMOVAL OF MaLO AFTER
COMPLETING SAMPLE FABRiCATION.
OVERCOMPACTEO ZONES ARE PRE
VENTED BY SCARIFYING EACH COH
P~CTED LAYER.

STAGE 4.--$AMPLE IS ENCASED IN A
RUBBER MEMBRANE AND SECUREO TO
BOTTOM PEDESTAL ANa TOP CAP
WITH "a" RINGS. DRAINAGE LINES
LEAO FROM TOP ANa BOTTOM OF
SAMPLE TO EXTERNAL CELL CONNEC
TIONS.

PHOTO PLATE B-2
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rubber membr~e and sealed to the bottom pedestal and topcap with

rubber "0" rings. After securing the triaxial chamber, the cell vas

filled with water. fitted with a I-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 to

determine whether the back pressure applied was causing complete

saturation, Skempton' S "B" parameter was measured for all samples. A

value in excess of 0.95 u3S considered to represent a fully saturated

condition. After achieving complete saturation, the samples were

either consolidated isotropically or anisotropically. or failed un

consolidated.

1. I.C.D. 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 de5~gnated consolidation pressure.

the top and bottom drainage lines wer~ simultaneously opened. and the'

total volume of water expelled from the samples was monitored as a

function of time. In some cases. strips of filter paper. placed along

the sides of the specimen during set-up. 'were used to accelerate the

consolidation process. QQce consolidation was comp]ete, the samples

were failed in an undrained condition with pore pressure. axial load

and sample strain monitored as described in (d) below. The results

for the I.C.U. triaxial shear testing appear on figure B-6, sheets I

through 5 and 8 through 14.

2. Kg - Tests - The Ko-anisotropic consolidation was performed

in a drained condition using strain control techniques. ~e Ko-value

is an at-rest pressure coefficient defined by the ratio 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 K consolidation
o

and triaxial shear tests appear on 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

monitored as described in (d) below. Results for the uncoDsolidated

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

d. Sample Failure - All tria~ial specimens were failed by compression

loading at a constant rate of strain while maintaining a constant minor

principal stress. The rate of strain selected for sample failure was

dependent upon the materials consolidation characteristics. The failure

machines used both in Palo Alto and in Logan were geared to fail the

undisturbed samples at appro~imately 4 percent of axial strain per

hour. The rate of strain for the taller, fabr~cated-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

Obtain~d during the test at specified axial deformations using a BLH

load cell (0-2,000 lbs.) and a Stathom pore pressure transducer (0-200

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

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 ~nich 10 percent strain was used. The point of failure was

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

of consolidation and confining pressure.

B-3
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3. Permeability Tests

Permeability coefficients for selected samples were determined in

conjunction with triaxial shear tests by applying a constant head

hydraulic gradient to the sample and monitoring the flow of water

from bottom to top of sample through the sight tubes. Samples

were tested for permeability at initial setup densities or after

consolidation. In some cases, the same sample was tested at two or

three different densities. Permeability test results are presented

em Figure B-7.

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

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

The coarser SM ma~erial in 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 density (51 pcf) of the sludge material. The sample was

then saturated by allowing it free access to water at the bottom of

the sample. A slight head was then established so that water would

flow from bottom to to)p. When the applied gradient (head loss divided

by sample length) exceeded 0.25, the sample began to rise in the tube

and the migration of EDaterial, through a s)"stem of branching "pipes,"

was clearly visible. The "pipes" continued to enlarge and the moving

material had the appearance of boiling•. The condition of piping

described above physically substantiated the theoretical critical

gradient of 0.26 as discussed in Chapter VII of this report.

WA.WAHlER
&ASSOCIAJIS

".
, .., ...... ,.'

B-9



.... --' ... '..

'! t
".

.,

.~

t

,'.

~.

~

~.
,'. ..
•

'., -~ "

FIGURE B-1

SUMMARY
OF

IN-SITU lATER CONTENT AND DRY UNIT WEIGHTS

MOLE S~~'PL~ DEPTH MATERIAL ~ATE~ CONTENT ~RY WEIGHT
NO NO ( It) TYPE (~) (~C f)

2 S-4 23.0-25.0 EMBANKMENT. DAM NO.3 3.3 80.3
2 S-4 23.0-25.0 EMB ANKMENT. 0AM NO. 3 4.2 80.5
2 s-4 23.0-25.0 EMBANKMENT. DAM NO.3 5.9 77 .4
3 S-6 25.0-27.0 EMBANKMENT, DAM NO.3 9, 7 75.9
4 S-2 10.0- !2. 0 EMBANKMENT, DAM NO. 2 - 8.7 83.7
4 S-6 30.0-32.0 EMBANKMENT, DAM NO.2 8.2 106.5
4 S-7 35.0-37.0 EMBANKMENT, DAM NO.2 10,3 8402
4 S-7 35.0-37.0 EMBANKMENT. DAM NO.2 8.5 90.7
4 S-12 68.0-70.0 FOUNDATION. POOL 1 SLUDGE 42.9 49.0
4 S-12 68.0-70.0 FOUNDATION, POOL I SLUDGE 26.4 47.7
4 5-12 68.0-70.0 FOUNDATION, POOL I SLUDGE 64.8 47.8
4 S-13 70.0-72. 0 FOUNDATION, POOL 1 SLUDGE 49.2 51.1
4 5-13 70.0-72.0 FOUNDATION, POOL 1 SLUDGE 50.1 49.8
4 S-13 70.0-72.0 FOUNDATION, POOL 1 SLUDGE 38.2 58.7
4 PST-5 75.0-77.0 FOUNDATION, POOL 1 SLUDGE 38.3 55.6
4 PST-5 75,0-77. D FOUNDATION, POOL 1 SLUDGE 44.9 62.4
5 5-5 65.0-67.0 FOUNDATION, POOL I SLUDGE 57. I -- --
5 S-5 65 ..Q-67.0 FOUNDAT ION, POD L 1 SLUDGE 45.3 ----
5 5-7 75.0-77. 0 FOUNDATION. POOL I SLUDGE 41.6 72.0
, S-l 10.0-12.0 EMBANKMENT, DAM NO.3 11.6 86.7I, $-2 20.0-22. Q EMBANKMENT, DAM NO.3 14.9 67.7,
7 S-2 20.0-22.0 EMBANKMENT. DAM NO.3 14.5 85.9
7 5-2 20.0-22.0 EMBANKMENT, DAM NO.3 14.0 90.3
7 S-3 30.0-32. D FOUNDATION, POOL 2 SLUDGE 47. 6 48.3
7 S-4 40.0-42.0 FOUNDATiuN, POOL 2 SLUDGE 46.5 48.6
7 S-5 50.D-52.0 FOUNDATION, POOL 2 SLUDGE 30.7 60.8
7 5-5 50.0-52.0 FOUNDATION, POOL 2 SLUDGE 35.2 58.9
7 PST-1 52.0-53.6 FOUNDATION, POOL 2 SLUDGE 37.3 56.6
7

I
PST-l 52.0-53.6 FOUNDATION. POOL 2 SLUDGE 40.B 53.3

7 S-7 71.1-73.5 FOUNDATION. POOL 1 SLUDGE 38.1 65.0
7 5-7 71.1-73.~ FOUNDATION. POOL 1 SLUDGE - 46.8 48.5
8 S-2 20.0-22. D EMBANKMENT. DAM NO.3 13.6 82.0
e PST-2 55.0-57.0 FOUNDATION. POOL 2 SLUDGE 41.2 ':9.7

9 S-2 20. ~22. D EMBANKMENT. DAM NO.3 9.4 84.6
9 S-4 35.~37. D FOUNDATION. POOL 2 SLUDGE 38.9 54.7
9 S5-1 45.0-48.0 FOUNDATION. PliOL 2 SLUDGE 41.9 49.6
9 SS-2A 55.0-57.0 FOUNDATION, POOL 2 SLUDGE 42.5 54.1
9 SS-LA 55.0-57. 0 FOUNDATION, POOL 2 SLUDGE 67.7 48.5
9 SS-2A 55.0-57. 0 FOUNDATION. POOL 2 SLUDGE 38.7 47.4
9 SS-28 57. 0-59. 0 FOUNDATION. POOL 2 SLUDGE 40.6 55.8
9 SS-29 57.0-59.0 FOUNDATION, POOL 2 SLUDGE 41.2 52.2

, ;
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I
DRY WEIGHTHOLE SAMPLE DEPTH !lATER I AL WATER CONTEiI'T·

NO. NO. (f t) TYPE 0;) ( PC f)

10 S-9 60.7-62.7 MIXEO EMBANKMENT ANO SLUOGE 18.4 73.9
10 S-9 60.7-62.7 MIXED EMBANKMENT ANO SLUOGE 15.9 85.0
!O 5-9 60.7-62.7 MIXED EMBANKMENT ANO SLUDGE 10.7 106.0
10 5-13 77. 0-7B. 5 FOUNDATION. POOL 1 SLUDGE 35.3 67.5
HI ::-1<: 80. ll-ll1.6 FOUNDATION. POOL 1 SLUDGE 34.7 54.5
1~ li-1J 8D 0-ll1.6 FOUNOATION. POOL I SLUDGE .:j2.9 59.6
11 " , 10.0-12.0 DISTURBEO EM8ANKMENT 13.8 77.8.)-1

11 PST-l 35.0-37.0 EMBANKMENT. DAM NO.3 12.0 103.411 PST-l 35.0-37.0 EMBANKMENT. OAM NO. 3 10.5 104.611 PST-l 35.0-27.0 EMBANKMENT. DAM NO.3 17.6 90.5II 5S-JA 85.o-B7.0 FOUNDATION, POOL 1 SLUDGE 37.3 58.5
II 5S-JA 85.o-B7.0 FOUNDATION, POOL 1 SLUDGE 45.0 48.4
11 5S-JA 85.o-B7.0 FOUNOATION. POOL 1 SLUDGE 32.0 65.2
II 5~B 87. o-B9. 0 FOUNDAfION. POOL 1 SLUDGE 46. I 59.a
13 S-1 10.0-12.0 Gr8 PILE. COARSE COAL WASTE 9.3 84.2
13 5-3 30.0--32.0 GOB PILE. COARSE COAL WASTE 11.1 9\.8
13 5-3 30.0-32.0 GOB PILE. COARSE COAL WASTE 10.9 87.0
13 S-<: 40.0-42.0 GOB PILE. COARSE COAL WASTE 9.9 110.213 S-4 40.0-42.0 GOB PILE. COARSE COAL WASTE 10.7 87.713 S-5 50.0-52.0 GOB PILE. COARSE COAL WASfE 15.!I 74.4
15 5-1 36. 0-3B. 0 FOUNDATION, POOL 1 SLUDGE 55.3 49.515 S-2 40.0-42.0 !lEO DOG. BU RN ED COAL WASTE IB.5 86.515 S-2 40.0-42.0 REO DOG, BURNED COAL WASTE 19.2 91.5
20 PB-I 4.7-6.5 EMBANKMENT. DAM NO.3 9.7 82.420 PB-I 4.7-6.5 EMBANKMENT. DAM NO.3 12.2 68.820 PB-4 11.5-14.~ EMBANKMENT. DAM ~O,,~ 18.3 83.1
20 Ps-4 11.5-14.0 EM8ANKMENT, DAM NO.3 10.4 64.8

FP-9A S-I 1.9-3.9 EMBANKMENT. DAM NO.3 9.0 98.9FP-9A 5-1 1.9-3.9 EMBANKMENT. DAM NO.3 7.9 87. 7
FP-IOA 5-2 3.5-4.5 EMBANKMENT, DAM NO.3 6.6 S3.9
FP-I1A 5-1 1.2-3.1 EMBANKMENT. DAM NO.3 6.4 101.4
FP-l1A 5-1 1.2-3.1 EMBANKMENT. DAM NO.3 6. I 94.3
FP-12A 5-1 4.8-6.8 EMBANKMENT. DAM NO.3 10.1 87.6
FP-14A S-2 3.5-4.5 EMBANKMENT. DAM NO.3 6.6 105.3
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(W-PL) CLASSI FI CATION
(f set) W (%) (") (%) (") .II - Pl SYMBOl.

• FD-8 0.5 9.01 19 22 3 S:'1

() FD-ll 0.3 20.70 28 40 12 HI.

e FD-12 :L.O 6.8 21 27 6 S~

C> FD-4A 1.0 10.4 23 29 6 S11

0 FD-8A 6.S 6.8 23 21 2 SP
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FD-13A 3.1 5.2 - - N.P. G\.J
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FIGURE Il-4
Sheet I Df 2:13·1

* QUESTIONABLE DATA DUE TO HIGH DVEN TEMPERATURE. THESE DATA WERE NOT INCLUDED IN THE
DETERHINATIDN OF AVERAGE SPECIFIC GRAVITY.

W.A. .wAHl~R
&" ASSOCIATES

, MINUS NO. 4 PLUS 3/4"
HOLE SAMPLE DEPTH MATERIAL SPEC IF,iC SPECI~IC

NB. NO. (It) TYPE GRAVITY GRAVITY

2 S-4 23.0-25.0 EMBANKMENT. DAM NO. 3 1.70 ----
4 s-6 30.0-32.0 EMBANKMENT. DAM NO.2 2.32 ----
4 5-7 35.0-37.0 £~BANKMENT. DAM NO.2 1.87 ----
4 5-12 66.0-70.0 FOUNDATION. POOL 1 SLUDGE 1. 37 ----
4 5-13 70.0-72. 0 FOUNOATION. POOL 1 SLUDGE 1.40 ----
4 PST-5 75. ~77. 0 FOUNDATION. POOL 1 SLUDGE i.46* ----
4 PST-5 75.0-77. 0 FOUNDATION. POOL 1 SLUDGE 1.90* ----

5 S-5 65.0-67.0 FOUNOATION. POOL 1 SLUDGE 1. 39 ----
5 £-5 65.0-67.0 FOUNDATION. POOL 1 SLUDGE 1.37 ----
7 5-2 20.0-22.0 EMBANKMENT. DAM. NO.3 1.70 ----
7 5-5 50.0-52.0 FOUNO~TION. POOL 2 SLUDGE 1.39 ----
7 PST-l 55.0-06.3 FOUNDATION. POOL 2 SLUDGE 1.42 ----
i S-7 71. 1-73.5 FOUNDATIDN. POOL 1 SLUDGE 1.42 ----
a PST-2 55.0-57.0 FOUNOATION. POOL 2 SLUDGE 1.34 ----
9 SS-2A 55.0-57.0 FOUNDATION, POOL 2 SLUDGE I. 45 __ e.

g S5-2B 57.0-59.0 FOUNDATION. POOL 2 SLUDGE 1.39 -- .. -
10 5-9 60.7-62.7 MIXED EMBANKMENT AND SLUDGE I. 52 ----
10 S-13 77.0-78.5 FOUNDATION, POOL 1 SLUDGE I. 81* ----
to S-14 60. G-81.6 FOUNDATION. POOL 1 SLUDGE 1.77* .. ---
10 5-14 80. G-8 I. 6 FOUNDATION, POOL 1 SLUDGE 1.83* ----
II PST-I 35. ~37. 0 EMBANKMENT, DAM NO.3 2.24 --- -
11 SS-3A 85.[\..8U FOUNDATION. POOL I SLUDGE U6 ----
13 5-3 30.0-32.0 GOB PILE, COARSE CDAL WASTE 2.14 --- ..

FP_l0A S-2 3.5-4.5 EMBANKMENr, DAM NO. 3 I. 66 ----
FP-12A 5-1 4.8-6.8 EMBANKMENT, DAM NO.3 2.23 ----
FP- 14A ~2 3.5-4.5 EMBANKMENT. DAM NO.3 1. 62 ----

FD-I 0.5 EMBANKMENi. DAM NO.3 ---- 2.34
FD-3 0.5 EMBANKMENT. DAM NO.3 ---- 1.75
FB-4 0_5 EMBANKMENi, DAM NO.3 1.75 I. 66
FD-9 1.5 GOB PILE, COARSE CO.L WASTE I. 60 2.55
F:J-IO 05 DISTURBED POOL 2 SLUDGE 1.36 ----
FO-l1 0.3 NATURAL SD IL 2.58 2.66
FD-l2 1.0 EMBANKMENT. 0AM NO. 1 2.43 ----
f!>--~A 0

I
FOUNDATION, POOL 4 SLUDGE 1.52 ----

FD-3A 1.0 EMBANKMENT, DAM NO. 4 2.07 2.35
FD-5" 1.0 EMBANKMENT, DAM ND. 3 1. 85 2.12

t

, ..~.
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FI SURE B-4 -CONTINUED

SUMMARY
OF

SPECIFIC GRAVITY TEST RESULTS

HOLE SAMPLE OEPTH MATERIAL MINUS NO.4 P~US 3/4"
NO. NO. ( f t) TYPE SPECIFIC SPECIFIC

GRAV ITY GRAV ITY

FD-1O~ 3.9 EMBANKMENT, DAM NO.3 2.20 2.06
FD-14A 5.0 EMBANKMENT, DAM NO.3 I. 9I 2.24
FD-1BA 35,0 EMBANKMENT, DAM NO.3 1.32 2.02
FD-23A 10.0 EMBANKMENT, DAM NO.3 I. 66 1.98
FD-24A 22.0 EMBANKMENT, DAM NO.3 1.85 ----
FO-25A 17.0 EMBANKMENT, DAM NO.3 2.07 ----
FD-27A 7.0 EMBANKMENT, DAN NO.3 1.98 2.51
FD-28A 2.0 EMBANKMENT, DAM NO.3 1.86 2.28
A-I COMBINED EMBANKMENT, DAM NO.3 I. 90 I. 84

SAMPLE

i

j:
L

, .
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W. A. WAHLER
&ASSOCIATES

FIGURE B-4
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SAMPLE HOLE OEPTH SPECIFIC LI au I 0 PLASTI C PERCENT PASSINGSAMPLE DESCRIPTIDN
L~~~ T L: ~~ TND, ND ( III CRAVI TY 3/'" ND 4

FD-4 0.5 Dark gray, silty SAND (SM) 1.75 :-l'P 80 65

-

I

ZERD AIR

I
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I I I i I '\J.

I i I J"
I I r - --- .- f-- -

1I

80
a 5 10 15 20,

MDISTURE CDNTENT. %

SAMPLE ND FD-4

tlAnRAL WATER CDNTENT. " 7.6

OPTIMUM IIATER CONTENT. % 11.0

MAXIHUM ORY DENSITY. pel 90.3
ASTM TEST DESIGNATION D-1557-70
COMPACTIVE ENERGY fl.lb/ft 3

20 000

W.A. WAHlER COAL REFUSE Dk~ FAILURE COMPACTION TE ST RESULTS

&' ASSOCIATES Saunders, \.J. Va.
PROJECT ND_ -+ IDATE DURING NO.

P.110 .ll TO . NEWPDRT BOCH - CAl' r. 0700 ~IAV 107') r B-5
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SAMPLE HOLE OEPTH SPECIFII LI OU I0 PLASTIC PERCENT PASSING
SAMPLE DESCRIPTION L1MI T

L:~\TNO. NO ( f l) GRAVI TY
('" 3/.:" NO .:

FD-9 1.5 Dark gray, silty SAND (SM) ,1.80 ~p 81 65

I ZERO AIR

I
VOIDS CURVE

I I , Y
1 1 1\ J VI

100 I I I I I 1\ r/I !I K E y
I I 1

,

+-+
I I \( ,LLI I

i I I I

-.
~ 1

- I I i I
\ I,

'" , I I i \ I"-
f 1 1

>- 95 I, 'I I 1 1 fx-~ I\! I,-;;; I 1 I I 1/1 I 'i".. I
'{ I i

~
c I i ~I I 1'\1 I 1I
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! I ! ,L I I ~ !"" ,0 I

1 'rl I i '1_1-
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I I f-i- '--t , 1
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I 1'\ 1 190 I I . I , , I I I
I 1

,
I I I I i

1'\ II
I i I T I : '-1

I I I I 'I
j' 1

-- ,- f---I-
!
I

85 I I :
0 5 10 15 20

MOISTURE CONTENT. ~

SAMPLE NO FD-9

~UTURAL WATER CONTENT. " 7.6

OPTIMUM WATER CONTENT. " 7.5

MAXIMUM DRY DENSITY, pcl 95.5
ASTM TEST DESIGNATION D-1557-70
CDMPACTIVE ENERGY fl.lb/ft3

20 000

W.A. WAHlER COAL REFUSE DA~ FAILURE COMPACTION TES T RESULTS

&ASSOCIATES Saunders, W. Va. PROJECT NO. OA TI 1 ORAWING ND_
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SAMPL E HOLE DEPTH SPECIFIl LI QU I0 PLASTIC PERCENT PASSINGSAMPLE DESCRIPTION
L~::T L:~~ TNO. NO (! t) GRAVITY 3/4" NO 4

m- 0.5 Black. sandy SILT (SM!ML) 1.38 NP 100 99
10

I
I

ZERO AIR
VOIDS CURVE

[ 1/
__L -- - -- /

I I /,55 I I K E y
I I I -l Vi I

I
;--f---- : V r i,

I I I ..... I
/ !- I I...

c. i " I / I !
== !

I I l'...... ./
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i60 I I ,
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I ! ! :-..... Ico i , I,,..
! I I I I ~ ! 1 ! I Ia: I I , .!...<:l
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I I i ,_
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I
~l !I

I I I I ! 1-:-/ i i'-l i I

55
I I I

I I I i I ffJ i I \:, I , I I i ~ I II ,
,

i I 1/1 ' ~.,- I ', I ' II I I-.L.J.,
i I i'J_ 1'-': ,- , l! I

i I --1-- -r t' ,tiT
50

10 15 20 25 30

MOISTURE CONTENT. %

'.

SAMPLE NO FD-10

NATURAL !lATER CONTENT. :> 36.8

OPTIMUM lATER CONTENT. % 21.0

MAXIMUM DRY DENSITY. per I
56.4

ASTM TEST DESIGNATION D-1557-70
COMPACTIVE ENERGY ft.lb/ft 3

20.000

W.A. WAHLER COAL REFUSE DAM FAILURE COMPACTION TE ST RESULTS

&ASSOCIATES Saunders. W. Va.
PROJECT NO. OA TE I ORARIN; 00

PALO II TO • NEwPORl BEACH . r:A L I F_ aiao T MAY lCl7? 1 --'1
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SAMPLE HOLE DEPTH SPECI Fie LI QUID PLASTI C PERCENT PASS I NG
NO. NO ( II)

SAMPLE DEscalPTION GRAV I TY L1~: T L ~ ~ ~ T(ll 3/.411 NO 4

FD- 0.3 Light brown. gravelly. sandy 2.53 40 28 73 60
11 SILT (ML/GM) I-

I I

ZERO AIR
VOIDS CURVE

I \ /

I I 1\ ./

115 I ! \ K E Y
"

,
:

t

,
\1 I

~ I 'J. I I
c. i I I 1\...

I I I 1 I i !- 110 : I !- ! I I I
,

\i I'" I I Iz ,...
! I i ! : I I ! "- Ic ,

>- ! I I I !
~ I I !\Cl: I ~i'""c

i I I H--+- / 1 I ! ~i I I
~i

105 I I i I I ! 1/ I I ""\. I
I "\

I i ! I I ! I I I I '\1,

I I I I I i " !I I \

I i I
,

i I
I ! I ,

100 I
0 5 10 15 20

MOiSTURE CONTENT. ~

SAMPLE NO FD-ll

NATUR AL WATER CONTENT. % 20.7

OPTIMUM WATER CONTENT. % 12.5

MAXI~UM DRY DENSITY. pel 107.8
ASTM TEST DESIGNATION D-1557-70
CONPACTIVE ENERGY ft.lb/ft

J
20.000

W. A. WAHHA COAL REFUSE DA!.'1 FAILURE COMPACTION TE ST RESULTS

& ASSOCIAHS Saunders. W. Va•
PROl Eel INO. DATE DR.I_IN6 NO

PALO ALTO • MErpOR. BUCH . CA LI F • 0700 -:'lAY 1Y72 I J:)-)
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SAMPLE HOLE DEPTH SPECIFIC LI QUID HAST IC PERCENT PASSING
NO. II!:! (It;

SAMPLE DESCRIPTION GRAY ITY LI MI T LIMIT ---

- (1:) ( ~) 3/"" NO "
Fl)- I 0 Black. silty SA.~D (S~n 1.52 :-IP IDe 99

I1A I +-1--I

..-- I

-----'- I

I ZERO AIR

I
VOIDS CURVE

I I I !\ I V -
I I -- I'- H-t-!\. /

80 i I f\.. , I K E y

i I I .+-.pC ~ I..- ,.- "---:- ~r- f-. "--.. ' I
I I

I! I !
j II ~;-- I 1 I I ~\ I

"e. I !
,

J -I I I i i T,
>- : I

" I I ,
I I I I ~ i- 75 I I , I I I I I-

'" i I I i I I 1 I I I ! I ~z , I...
I ! I I Ir.- I...--': :;) I I N I I I I0 II I

>- i I I I_V' , I ! I" ! I I i !a:
0 I I

r I ~ I I

,++~
i I l"'b I i i, .i-l+-__ I I I

I ! I
.- "1- ! I

\ II I : II ! I I'\. I I I70 I I I I

I I I i 1 i I I I I I [ I 1\ I I ,
I I

I I j I I ; I I

-+- j I I I "- II I

i
, -

I I ! I
I

-t- l-- ---T' -,..-- - o-

J I I I
65 I i

5 10 15 20 25

MOISTURE CONtENT. ,;

..

SAMPLE NO FD-IA

NATURAL WATER CONTENT. :. 32.1
- --

OPTIMUM UTER CONTENT. 1: 19.0
,

MAXI ~UM DRY DENSITY. pel 74.4
ASTM TEST DESIGNATION D-1557-70

-----

COMPleTIVE ENERGY It.lb/ft3
20.000

WA. WAHLER COAL REFUSE DA!'! FAILURE COMPACTION TE ST RESULTS

&ASSOCIATES
Saunders. w• Va. PRDJECT NO. I. GATE DRUING NO

PALO AL TO . HE.PORT BEACH . CAL IF. 0700 I :1.\y 1972 I Ii J.--.-

:: #
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I...,

o
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t

•

,
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•
.~. .T.-": ., ,•• " 04.' .... ''"I' .-



)

-,

,',-

i
{- »
}
'''.

",

p

..

. ..
-,.

~

- P-.-

~~

""I
'"<:>..,

SAMPLE HOLE DEPTH SPECIFIC LIOUID PLASTIC~~E~CENT PASSINC
ND_ NO (11)

SAMPLE DESCRIPTION GUVITY LIMIT LIMIT -
(';1 (!': \ _e-_ .~/.ol" NO 4

FD- 1.0 Lighc gray. s 11ty GRAVEL 2.07 :w 72 41
3A (GP-GM)

I

1 -
Comb i ned s ample of FD-3A and FD-4A.

ZERO AIR
VOIDS CURVE

./

1 1 /

1/
110 ! \ VI K E y

I I I ~ / II

I \ V I I
I

I IV- I I I..
"- I I I i I

> ! T I I I I I I ~
I I I- 105 I I

;;; I I I I i 1 I I .
z...

I 1 I ........ 1

I

~ 1co 1/ I
~ I I I I~ ~I \1 I
co I

i I I I I G~ i \.I_~ _,\J I I
I

100 I I ! I I l~ I 1'\1
i I I I I I 'I I '\i

i I I j ,
I I

-- -- ,-_1 I
I !

95
a 5 10 15 20

MOl STURE CONTENT. l:

SAMPLE NO FD-3A

NATURAL WATER CONTENT. % 7.5

OPTIMUM WATER CONTENT. % 10.0

MAXIMUM DRY DENSITY. pel 103.4
ASTM TEST DESIGNATION 0-1557-70
COMPACTIVE ENERGY It.lb/ftJ

20.000

W. A. WAHLER COAL REFUSE DAM FAILURE COMPACTION TES T RESULTS

&ASSOCIATES Sauncers. \'. Va. PROJ[I;T NO. IDA TE DAIWIIlIG NO .

PAlD AlTO • NE~PORT BEACH . eA L IF. 0700 I :1AY 1972 1.-5 "-

••-:.0.1

:l·tl
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1.0 Light gray. silty SAND (SM)

.• ._. ~.._ .......... ••.•_,-r~_ .~•...,.

90 77

-'

PERCENT PASSI NG
J/A" NO 4

::p1.85

SPEcr FI C \'('~.~ilGRAVITY ,»SAMPLE DESCRIPTIONDEPTH
(f l)

FD
SA

SAMPLE HOLE
NO. NO

Combined sample from FD-5A and FD-6A.

r I

1--+--+:---+-~+ V

ZERO AIR
VO I OS CURVE

KEY

I I I I I 11\: I I

Ii! I 1 I i f\ ! I i I

I! ! i I ~Q...I !.~ _~ .:...'-+T_..:-.i-+-+1---"--+--+-1-II

95 1--+1-+1-+I-t-r---+-i -b:~/t9-t--+--+I&~i-+-1~r\.~:...,..~!--:--+-+--+-I -4--l-~
. ! I i i )! ! j\ I \.-L I I
I I I 'I I I !' .\' -+--+1-+-+-+--+--+---11

t--'--+--+-+-+---+-!-+--+----J-1~ I I .}_~-:'.->,;-i-+-~·-+--+--'; +-+-~I

t-;-j-+:-+-1-+-.1---+-:-+-+-1+------to .- .+_~'

t---+\--:-i..,I-J.-+-"';"!-+--+-+--4---+--L ~. ~ - - ~~(.-+--+-~-1--+--I---l1
lOS I I I I I /' i

.-+-1'_+-11-+:-+-+....;..!__~ _~\-.1~_~+y'_ L ~- -;.-1 ~+-+-+-+---J.--+--II

I I ! I : \T ill-~TT
1-----.;1f---JC--L..-iC-l1_LL_t-_ - l\ }~-+---i'_"';!!-+T_·~~~=~i=~=~I=~=~:

100 I I I ! Ii! JI I 1 I I
i ! I I I Iii I \J I : I ! I

>
a:
co

'":z:...
Cl

u
Co

,~

~,

~,

MOISTURE CONTENT .•
" ..r

SAMPLE HO FD-5A

NATURAL WATER CONTENT. l> 5.5

OPTIMUM WATER CONTENT. l>

MA~IHUM DRY DENSITY. pel

ASTM TEST DESIGNATION
CDMPACTIVE ENERGY It.I~111J

10.8

96.5

0-1557-70
20 000

COMPACTION TEST RESULTS~ W.A. WAHLfR COAL REFUSE DAM FAILURE

~ &ASSOCIATES L...;;-:7'::"~:-:sa_un---::d:":"e_::r7.s~. -:H,...,.o Va_o--,__.+-_PROHCT ~O_ I DATE
PUO UTD • ~E.PDn BEACH. CALIF. 0700 I NAY 1\/72

OIlAWING NO

Sheet 7 of 13
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SAMPLE HOLE DEPTH
NO. NO (I t)

SAMPLE DESCRIPTION SP ECI F1«
GUVITY

PERCENT PASS ING
3/4" NO ~

, FD
lOA

5.8 Light gray. silty. sandy GRAVEL 2.20
(GW-GM)

NP 81 I 40

..
~.:

I
I I

I
!

ZERO AIR
YO lOS CURVE

I \ /'

-II

I KEY
1

I
I

I
I
I I
1 I

I

I

I

! I II! i ~I: '\ I
! I ! l I i I ~ I 1\1 ,

i I I! i I \ i!
I I i \ i\ I

, ,

t--:,--:---+i-+-+--ii~I---+i-+I-- - j'+ t· r- -----t-- \~~-+-+----+--+--ll

1 ,I I I I : I I Ii'\, ~ '\ :
105 t---'-j-----:.I---1,-t---+--I +;-f T - --1-rT t- --~!\-~I---I-l-+-"';'-+--ll

I i: I ! I I 1 I '\ I
~--'_---J~i-l-+-+-""---...l--ll

I Iii I I \

110 1--:..-.:.1-+1---:-1-+--+!---+~i ,,£)l!Ji-=':.rr-....~-+I--+--+-~.l...1--:...-\'--!--+--+--+--+--ll
i ! I '! ~! vi'.. I ! \ 1 i

-ll. -+-~----+I-+-I-+-If--+---+--I\-- I _-b'U-V-+-+-+-+--+-'-+-l1
115 I I I i 1\' - r '" !

I I -t I I I
I--+-~I-+-i' -+-+--"---; -- -t---+--+-+!------i\I\r-+V~--T~i---,

>
0::
<:>

-
U>

z:
""<:>

-u
=-

":

'i.

o 5 10 15 20

~. MOISTURE CONTENT. ~ ~'-_.

SAMPLE NO FD-IOA

NATURAL WATER CONTENT. ~ 3.9

OPTIMUM WATER CONTENT, ~ 9.5

MAXIMUM ORY DENSITY. pcl 110.7
ASTM TEST DESIGNATION
COMPACTIVE ENERGY ft.lb/lt 3

~15S7-70

20.000

,.
'.

"'; W_ A_ WAHLER COAL REFUSE DA.'1 FAILURE COM PACT ION TE ST RES ULT S

~ &ASSOCIAHS Saunders. W. Va. 'ROJECT NO. I DllE 1 DRAwiNG NO.

'-::P:':":IL:"':O:"".:":L"':Y:::-O-.---:'N:':'[.::':P:":O'=".T:--:'B:-:[A"':C~H -.~C~I~LI"':F-.......- 0 7QO I MAY 1972 I B-5
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SAMPLE HOLE DEPTH
NO. NO (Itl

SAMPLE DESCRIPTION SPECIFIC
GRAVI TY

LIQUI 0
LI '" IT(",

PLASTIC
L IMI T
,'"

PERC~NT PASSING
V4" NO 4

FD
14A

9.3 Light gray, silty, gravelly
SAoilD (SP-SH)

1.91 XP 84 62

1--+---+-.--+------------------+c----1---I----~--+_-____I

Combined sample from FD-14A. FD-16A. and FD-17A.

-u
c.

i I ZERO AI R
1 11-r~II-lrllj...!..V~D!..!1O~S~CU~R~V:"E-II
; I r-- ~+__.L ...-
'i ,I V

I ,-- ---I-.-~-+_4--~.l_".4___+_4__+___+_-+_4__l1
105 \: ~l-r-N- ----t-+ 11- Y~I/4V-+-+--+-~I_____+____+_-U
~I..J...-

1 -'----+-1 ....:-.t+--t\- -rl-t - !~-) 1 ~,-L -I----+--+---11
1 1 I: / : !......;.:_~~_'~----I-1------l1

1-_+1_+1,-+-+----+-f--l....1-C..l-+_\~-----!-. -l/J_+--+--~i -......L---'I-I------<I--.:.--"--l-4--l1

1001---;--+---'-1-.:....:-+----l--t- l L -Nt __I -+-+--I--..J..:-1-
1
---+---:'----11

, I I I I Yi\ I I\i t I I I
1-"---;':-+1---+!-+--'---!;-/*j-----!-,--*-\ '1\ Iii

I I! 1'1 i GJ : I\! i I

KEY

2015105

1-~.l-....:.i--:f--~L4 _:_l.. __t. L~ ~ _l-l_....:---!,--~i-+-+_T..L1_U
95: i : II l \ ! \1, : iii I, ill

: ! I I! iii ~ I +_lL.l
1--:...1-+-..LI-+-+----+I-r-I --..L.1 1 1: I ' ""\.! +-1~:~~=:=~:~Iii I-T--- - I l' \.. - I
1--

1
-+--+----jf---+ ~I----+-~I'-1 T i~· t .. -- -+--+-+-+---+--H

i I I I90 L-L....:~__J__J__J___l___l___l----l.---l---l----l.........L......L._!........L.......L.......L.......1........L.....L.......L.........L.._Il... _I
a

MOISTURE CONTENT. %

SAMPLE NC FD-14A

NATURAL WATER CONTENT. ~ 5.0

uPTIMUM WATER CONTENT. " 9.0

MAXI~UM CRY DENSITY. pel 100.1

ASTM TEST DESIGNATION
COMPAeTIVE ENERGY It.lb/ft3

D-1557-70
20.000

COMPACTION TEST RESULTS<; W.A_ WAHLER COAL REFUSE Dk'1 FAILURE
'" 9ASSOC'AIES Saunders, U. Va.g a I L....::~~;:--~=~:-:-:-:~~~-1__~P~RQJECT NO. 0& T£

PalO &LTD. NEWPORT BEACH. CALIF. 0700 I MAY 1977
I CUWIHG NC.

",)

Sheet Y ot 13

~,.
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SAMPL E HOLE DEPrH SPECI F II L I au 10 PLASTIC PERCENT PASSINGSAMPLE DESCRIPTION
L:~~T L~~~TNO, NO ( t l) GRAV' TV 3/4" NO 4

FD- 28.0 Light gray, silty, gravelly 1. 32 ~~p 87 65
lBA SAND (SP-SM)

Combined sample of FD-18A, FD-20A, and FD-22A.

I
: ZERO AI R

I !
VOIDS CURVE

1

I I i '\ ....V,

I : I \' ~k:'f90 : I i.
I ~I I K E y

I I ~ I I,
I i - 1-, I

I r\.i !

- I i I "l I
I...

I\!.. ; I I i
~ 85

I I : I I , I I
, :"-1 I- ,

1 I
;;; I i I ! .w- !~ I I K I I
~
c:::> : 19" I i ~ I I ! i\. II
~ I I ' I I \.i ! I i I i"" Ic:::> ,

1/ I "" I !

, ,
I! ,

I I, r I I I
T-' -- 'T\T-"t- ! ,

80 r I , I

, I I I ! I I ! I,

I I I I
- -I, I

I i J-- I ' I

H'
-- t-t- "-.

I
I

15
0 5 10 15 20

MOISTURE CONTENT. I:

SAMPLE NO FD-18A

NATURAL WATER CONTENT. ,. 11.4

OPTIMUII WUER CONTENT. " 9.0

IIAXIHUII DRi OENSllY. pel 84.8

ASTM TEST DESIGNATION D-1557-70
COIIPACTIVE ENERGr .It .Jb/tt? 20.000

W.A. WAHlfR COAL REFUSE DA:1 FAILURE COMPACTION TEST RESULT.S
Saunders, W. Va•

I

&ASSOCIAHS PIOlEtT NO. DATE 1 ORAWING ND.
PALD &LTD • NE.PDR r BEA CH . CHIF. 0700 T :1AY lq72 I !j-:>

.- .• r-
.J....'::'J

Sheet 10 of 13
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SAMPLE HOLE DEPTH

NO. NO ( III
SAMPLE DESCRIPTION SPECIFIC

CRAVI H
1I OU I0
LIlli T

(l;)

PLASTI C
lI111T
(~J

PERCENT PASSING
3/~1I NO 4

FD
23A

18.0 Black, slightly silty, sandy
I GRAVEL (GP-Gi-l)

1.66

i
~P 69 49

~OTE: Combined sample from FD-19A, FD-21A. and ·FD-23A.

Ii: 1 ~ I\:J 1~ i-q ...J I__-.;_+-I-+-t---:--ll

t-~:-I--,-I-+-!-+~_'f__I __-f--t,+-,~ __~_ .~ i 1 ,-+---+-I_+-+-_ir---i'
85 I: I I' t I I :! -~;-:'T I

t---+I----,-I-+-+-_1. ....,' I 1 I I Iii ! -+-'-+-+-+-1-+-+--H
I I i I Ii: l~f- ~'-~i,....-'_-+-I--+-1-+--+--ir-+--+--II

t---+-i-I !lli III II I I ;
~--i-!----'--+!-+--+-ITTI -1 T'r T-t-T -1-+--+--+-+-,+----II

95 ~I-+-:-+I-+--+--r-;-+-I-+-I-+i--+--+- +-f--r+--\K+-f--+-t-+-ll
1---1--+!---+1-+'-f.. ~ l .J. I _.- - - .-T,I, "Ii, _ L \

I il ! 1 1 I i I, 1'\
I ! I I I I J- I ! I \.
Iii I I i I I -t-iT-+-+-+1~\+-'-;--1----l1

90 t--""""';'----;:----;I--+---'-I---i-j --+1--r I I i 1 I - --I.....\-+--+-1-11

Ii! I I I! I I I : i ! I I I 1

,:
I

KEY

ZERD "IR
VOIDS CURVE

I I I I /
iii I I II

I ! I I

U
0.

NATURAL W"TER CONTENT. ~

SAMPLE NO

MOISTURE CONTENT .•

20

8.9

FD-23A

15105o

&~.

"

OPTIMUM WATER CONTENT. % 12.5

UXIHUM DRY DENSITY, pel 87.8

'''''''-.1 ~.,--

Sheer 11 of 13

•

COMPACTION TEST RESULTS

D-1557-70
20.000

ASTM TEST DESIGHATION
COMPACTIVE ENERGY It.IO/lt3

<;' W.A. WAHl[R COAL REFUSE DA.~1 FAILURE

~ &ASSO[IAHS L..;:7:""::-:-:-:s';;"au_n_d-:e:-;r:-:s:-:,,:,,:,,"w,,:,.~v:,:,,,a_'"""""::~~-+--:;;~P:;;·vCJ,_E_CT_._C.--t----;-; CATE I c.... '.'.D
PILO ALTC • NEtPCRT BEACN • CILIF. 0700 ~a-lv---:l:-:9:-:7:-:;'2'---+-I-=-"-B='-"-S.-'--'=·-
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SAMPLE HOLE DEPTH SPECIFII LI QUI 0 PLASTIC PERCENT PASSINGSAMPLE DESCRIPTION L:~:T L~~~ TNO. NO ( It) GRAVITY 3/4" NO 4

FD- 7.0 Light gray. well graded. silty 1.98 27 22 92 62
27A GRAVEL (GW-GM)

I
NOTE: Combined sample from FD-26A and FD-27A.

I ZERO AIR

I
VOIDS CURVE

I ! V
1 I I \

-
I /1

I I I 1\ :; I

110 I , K E y

I I ! I \ / !L
I I I i 1\ 17 ! i +
I I i I I '< I I- ,

" ,

I I 1 f\c.
I I I I I

> I I I I ~ \ ! I- 105
; i I

;;;
I I

"~
_-,-_ I i ;\ i I I15

C> I I I ! I - - iii ! I I II
> I I I II ! -• Ii II \I !... IC>

,

I I !/ I I i I\j I I; __ \ i!

I : I !kiT-! t : -1--r- :\1 i100
I

I I
,

~ itT ~_~01 ! I 1\1
; I I ,I i \ i --L. ! 1\1 I

! I
JI I I I . __T~ 1_-1 ! I \..

! I I i I.. t .
i

,
I9S

a 5 10 15 20

MOISTURE CONTENT. %

S,r.MPLE NO FD-27A

NATUR AL WATER CONTENT. ~.
.. ..

7.4

OPTIMUM WATER CONTENT, ~ 8.0

MAXI~UM DR~ DENSITY. pel 104.4
AST" TEST DESIGNATION D1557-70
CDMPAeTIVE ENERGY ft.lb/ft 3 20 000

W. A. WAHlfR COAL REFUSE DAl1 FAILURE COMPACTION TEST RESULTS

& ASSDmHS Saunders. W. Va.
PROI HT NO. I I0'" rE DRl'ING NO ..

PALO HTO . NE.PORT BEACH . CA L IF • 0700 I ~lAY 1972 1)-5

-'",,-

...

\

'.

,. r
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SAMPLE HD .. E
NO. NO

DEPTH
(II)

SAMPLE DESCRIPTION il'SPEC iF IC
GRAVI TY

LI QU I0
LIMIT

ell)

PLASTIC
LIMIT

C%)

PERCENT PASSING
3/411 NO 4

J---+--r----+---------------- .-----+---+----+----+----+----1.-

lFo
28A

2.0 Light gray. well graded. silty. 1.86
gravelly S~~D (SW-SM)

28 22 78 47

ZERO AIR
VOIDS CURVE

I I :: I: !\ I i '\ I I ! I I

-
I:
I·

r
I',
I

I,
I:'

i"I,
j:
I ,
I
I

I
II;'
1.-

j
i "-

I
I
\ -
1-
,
i,
j
i
;
!

."

1\ E Y ,

20

v

1510

MOISTURE CONTENT. %

5
I I

a

~.i I j!, I +! ' : II
I----,j--I-:,-'l'---+i-+---"-+t--~ -"i r--f'- T-+- r- -+--+--+---:-+-1

95 ~---+-:--"-i---+-----+---:-i~;-++~t -t-t l--I/~t- "---+--+-1-+-+--+--11

1--1-,-+-+:~:-~+'+i i ~,,'if:" t- t-t-r-r--j---i--+--+--iI

II IV ~ lVi i i!i I !
t-----+----i--,-+--1+-~i -/1 i \.' f-+......T·~,--.--+--+---;--,-+-1-+-~I--;I

90 i i ; I: ! : ~r-T 1\ ': i 1.1 I
ill:: 1\ !'\ ,ill I

I---,--~I----,-:_--,-1-' /4.-L.' ~I._i.- _~ __I' ,\).- 1"-_>t-i -j-I... ~I---t--jll_t--t--t-I --t
85 i!: r<p 1 I I: 1 I \ I i i\! I
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u
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o
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SAMPLE NO FD-28A

NATURAL WATER CQNTENT. " 6.4

OPTIMUM WATER CONTENT. % 8.2

MAXI HUM DRY DENSITY. pel 98.4

ASTM TEST DESIGNATION
CQMPACTIVE ENERGY It.lb/lt3

D-1557-70
20.000

COMPACTION TEST RESULTS1 W.A. WAHlER ;:OAL REFUSE DA."l. FAILURE
_. &ASSOrlATES Saunders. W. Va.:i: .. L..::-:-:-::-":":"":'::---:7=~~~~~_+-PROlEel NO. DA IE

PALD ALTO· NE.PDRT BEACH. CALIF. 0700 I :-lAY 1'J1t.
I DRAWING NO

I d-J
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AXIAL STRAIN. %

SPEC I MEN VOLUME
NO_ CHANGE. ~

1 1.77
2 4. 13

3 5.40

4 0.76

61---+-- ----1------11-----1

PORE PRESSURE

Hill V~TR1IN

AX I AL STRIIN. "AXIAL STRAIN ...

75~ - -
I Ii

, I -.---.J-- 601------

1

--+I----4-----l

_ I I,: I'j"\ 'I' I! t
~, ~ - 4~ '0' 5~__,~-:__f----+-_,_d_-----1

~ 60 -- Vi~~(JJ~ • / I II :-0 ~... 4 f,x0~tJ).
:: 45~- I "'......"'30/ I 1/
- 1-;;"\ :;: 'f ')~r'.. f2'~0~ I ~G),2'" I \.2..1 _ j' ~

~"r ' i '''~t-_~ !§ 'Ii !
IS I 0 --.,~ 21tf--+---+----i----1

i DEVIATOR STRESS I IJEFF.STRESS RATIO

i VS i' I YS
0'.l------!-3---!S"-"A,;,;,X.:.;1A.:.;L:.....;;::..:..TR..:..A..:..Ic:.N~12 .15!-0-----;3~---o!6---.!,.9--...,1,...!2 1!J!:-__--!3~---l':"6...;A:.:X:.:I..:A::.L...;S;;:9T:..:R~A:..:1;,:,N"12::"1

MOHR ENVELOPE IKEY
EFFECT IVE STRESS: EFFECT IVE

~I = 38° STRESS

(' = 0 -- --TOTAL STRESS

~ TOTAL Sf RESS: , I I
e: 30 ¢ = 10° +1---+---\---1---+----+--~
:;; C = 9psi !/ I ~~ I: ./I I~......._L_-./,..-......,.
... 15~~"IfII~~~~~+.~~-~Tt__l

O/({( v1\~\ '\

,-

".

o 15 30 45 60 75 90 IDS 120

NORMAL STRESS. Dsi

~.

SPECIIiEN NO, 1 2 3 4
'DO , I 1 T T A I
50

i i . I I i I i ~W2ter Canten!.!!. 3.3 4.2 5.9 13.6 ~ I
./ :

~ .--,-- "" so
I

,

I I ! YI - : ,
OCt toter Contonl _lI --- --- --- --- ... 7C I

z • ! : , GRAOATION I "I, I-'0 LIMITS... - Ory DenSl' y, oel 80.3 80.5 77. ~ I 82.0 ~ 60
,..

:
,

i , V 7: I I
I I-- I : I-0 1I_._Dry Donsity." -.- --- --- --- '" \0

=~
... ! I I / 17 I Iz I i.. Void Rot i 0 0.32 I
- .0

0.318 0.372 0.370 ~ I , I IYl Y I I I-- - ~- ,--Saturelian." 17.6 22.3 27.0 66.3
~

10
I t=k?fTt II

ConIOI_Pr!1Sure.psi 15.0
..,

10
I I30.0 60.0 15.0 '" j. i ,...

z ... 10 "
0 Water Content."'. 15.6 12.4' 13.8 16.8 I I : I i I

-' - O,~02... - Ory Olnli tr.pe! ,005,009.019,03" 200 100 50 :Jj 16 i • 38 J • 1 ~ 3 6z- 81.8 84.0 81.8-0 82.6 I... z ._._._- __._r~L_IJllE rERs __~~ SlO.SER I ES I ~ CH £ S

8 VO I d ReI i 0 0,298 0.264 0.298 0.360 ~IHE~ SAND GR'lYEi---

SU8 SOIL
GRAVELLY SANO (SIl) EXCEPTSaturZlt Ion." 100.0 100.0 100.0 100.0 a-:SIFICIT10N: BLACK,

SOOClmon Olemoto,_ LL --- SPEC. 4. SAI'lOY GRAVEL (Gill),

-'
In. 2.875 2.875 2.8752.875 SUPLE... PL --- , - ,- SPEC 1IlE!lS_ !.c_~ AN~_~_ AB.EF_~ull HOLE 2, "

'" Back Pr=:.:u:-e. psi 60.0 60.0 60.0,60.0... . - PI NP 23 1-25 1
• SPECIIIIEN 4 IS FROM HOLE 20 1-221•z

I~:s:,,~:m: ~o
B•... 125 125 143 I 165 SG

-_._---- --- ------------- - -
co 1. 70 • 0 T E: EIiBANKIlENT NO. 3.

I~~~ I
OT Strznn. 3.79 3.86 4.00 3.24

CONSOLICATEO UNORAINEO

TRIAXllL TEST RESULTS...
n.. W.A, WAHLER COAL REFUSE DA.'1 FAILURE

&ASSOCI AlES L- S_a_u_u_d_e_r_s_,_'J_o_v_a_"----4-..:.:P,::=o~JE~c:..:r....:.:.:o~.+-_:.:0.:...:r~E-=-==-+----=ls:.::H.::.:EE:...:T~.O:":'---l
PHD AlTO HEwpon BOC" CAliF. ()7{){) I",..,,, 1972 I,;ro r.._~

SAMPLE
NO •

2-S-4 &
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lXIAL STRAIN. ,.

SPEC I MEN VOLUME
NO. CHANGE ~

1 1. 98

2 3.32
3 1. 79

4 ----

j

240210

IKE Y I

180

AXIAL STRAIN. ~

____ EFFECTIVE

STRESS

-- __ TOTAL STRESS

150

,

12090

NORIIAL STRESS. psi

1 2 3 4
8.2 8.7 i 10.3 I 8.5

--- --- --- ---
106.5 63.7! 84.21 90.7

--- --- I --- ---

lXllL STRAIN. '"

MO~R ENVELOPE

SPECIMEN NO.

o 30 • 60

EFFECTIVE STRESS:
';;; 90 ¢' =370

Q. C'=2psi
::: TOTAL STRESS:
E60 ¢ =1SO r--"7fI'~~f---+---+- __+-__-+'_---I
~ C=6.5 PSi~ ~r-- '" I
~ 30 i ~' :;oQ~ ~ ~

O~F/\ \ \ "\ \

';'

-..,.
.oi,
,.

.......
i

~

38 J. ,>, 3 5

I JIi CH E S
GRA-Y-fl --

,{ SANO {Sll.

CONSOLIOATEO UNDRAINED
W.A. WAHLfR COAL REFUSE DA.'1 FAILURE TRIAXIAL TEST RESULTS SAMPLE
&ASSOCIATES Saunders, W. Va. I-P-.-OJ-E-C"';""';'K-o-.'T'-~o-I1"";E;"";";'-T";;"':"s';'"-EE';""';"'K-O-.--1\4-s-~D ••

L...P-A-~O-l-L-'":'O--.-E-.P-O-.-T-S-U-C-.--C-l-L-,-r-.-I-"""':017~ri'=":"o"';':';;';"'w+-jr-":':":l:":iQ~I7-'i?-+-I1:'';:':; n;":':":''''';';'R._:':"'~-11S=-6 & S 7

~;

~ ~~~tim.n Di.metor. 2.8752.8752.875'2.875 LL ---
_ PL _

~ 8ar~ Pressure, psi 60.0 I 60.0' 70.0 70.0
- PI NP
~ I~:~:,,::m: ~O ----- 165 165 128 136 SG 1.87

I:~~~ of Str., n. 1 3 • 31 3.28 3.70 4.44

s~~~~~"•. HOLE 4: SP.E.C. i, 301_32.1;.~PEC 2.

SPECS. 3 & 4. 35 ' -37'.

" 0 r E' E.eAN~IENT NO.2.

10'::~
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uaL STRAIN. "

---- ----"~,~,--.~-...-'"'....,...-..--.-......~ ~.'

r
EFF.STRESS RATIO

VS
ll;;o__~__....L;;,..:::AX:..:I..:A::.l...;S:;;:T..:R~A..:.:1N:':""";I

3 6 9 12

"1"-.

B

~~..,..
o' 5-

~
......
a:

'"'" •...

,ITa:

'"...
:---'-'

f I
............ I

2

I
,
,

i I

I
!
I

I ,
! !-- I

h
I ......I-<iI---...~
6 12

AXIAL STRAIN. ~

... -"'-;.

Uill STRAIN...

II E T
---- EFFECTIVE

STRESS

----- TOTAL STRESS

..-

MOHR ENVELOPE

o 30 50 90 120 150

...........

'\

I
lBO 210 240

SAMPLE
NO.

I

2

3

VOLUME
CHANGE ~

2.37
3.43
6.66

NORMAL STRESS. psi

T I
I I
I I I

LIMITS
I I II

1 I i
.,

I

r I :

i

lOa ~ 3l 115 B 4 1 5 J" 1'" :; Ei

U.S.STt"SE~IES I INCHES
SAND -·GRi\Y-£L---

ec

1 2 3
42.9 26.4 64.8

...
'"...---- ' .. --- ....,

49.0 47.7 47. a ~

--- --- --- a:...
z:

0.785 0.834 0.829 ...
76.6 .4 .• 100.0

...
:5

25.0
u

50.0 100.0 a:......

._-

Ccnlol.PreSlure.psi

SPEC I liEN NO.

WZHer Contlnt,"-
~_.---+-.::.:..:.-+..:.:.::....:....-+-:..:.:..~
OPt letll Ccntl"l.~

~ ~t-:D:-r-Y-:-D.-"-.-,:-1y-,-p-c7",-+--+----1----1
~~ Ul.Dry D.nsll~.!I'

- ~r.V:-C-'-:-d--=R:-.-t:-jc----f---+----+---I;;:

ts"';turlt ian."

~8 Weter CDntent.~

~:: Dry D.nli 1~.Ocf
;:~I------
~VD'dRzltic

~;

--
._------

S~~PLE

IllJ .

4 5-12

CONSOLIDATEO UNDRAINED

TRIAXIAL TEST RESULTS
PROJECT NO. \ OAlE \ SNEET NC.

0700 I ~lov. 1972 I Fio R_h

COAL REFUSE DAM FAILURE
Saunders, W. Va.

PALO ALTO HE.POAi B[jC~ CALif.

W. A. ~iAnl[R
& ASSjj~IAHS ~-:-~-- ------4-~;';':':'--:'::'=-+""---:~......-=-:-l--~~~--l

..
'.

'·"."0" .. - ..., ~..

1.51
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2! IEFF.STRESS RATIO- I VS

I
AXIAL STRAIN

6 9 12 3 6 9 12

AXIAl STRAIN. li AXIAL STRAIN ...

I
KEY I

NORIIAL STRESS. Dsi-~~
SPECIMEN NO. 1 2 3

'aler CDnlenl.li I 49.2 SO. J 38.2
1---------

OPI Water Conten!." --- --- ---z:
->0

Ory Denslly.oel-<- 51.1 49.8 58.7
\. ---0 .. o.. Ory Oensity.ll --- --- -. -:z :z

-0

~: '-" V. i d Rat i D , 0.709 D.756 0.489

Saluret Ian." 97.4 93.0 1100.0

240

i;-

,..
i ;'
i
l,'
I'
I;
~ "

j,.

VO LUME
CHANGE %

3.43

5.16
5.36

I I
I

1
,

I I i
I • ! I , I

LIMlTsl I I ,

I I
i I,

I -l_---l.

l1 7'--+
1-.- + I'-'T-it

1

2

3

GRADATION

SPEC IMEN
NO.

! !

'7
If7

V I ! I

EFFECTIVE

STRESS

---- TOUL STRESS

I1501---+---+---+----1

AXIAL STRAIN. "

EFFECTIVE STRESS:

;;; 90 (/)' =4~o

0. C' =0
~ TOTAL STRESS:

; 60 cp = 24°
~ C=4 PS/V - .............. ..,.-----....,
~ 30 '/7 .?"..7-- ,.(~ '\.

oiAfr:\ 'N \ \

en ~rG)."... """"--1co: 90
""
/I~co:

c

~ .. ...- 60
~

(/~I
co

3D

V !
DEVIATOR STRESS

VS

0 AXIAL STRAI N
0 3 6 9 12

,.

--

•
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_ CONSOLIDATED UHDRAJNED

W.A. WAHHA COAL REFUSE DM! FAILURE TR! H I AL~TEST P.E'SUl.'TS

&ASSOCI AUS '-:--:-:~-:'s':"a-u-n_d_:'e-r~s_:',~\ol-. _va_.-----t--.,;PA:.,:O.,:.J-:,:EC,:,-T--,N.:...:O~. +.,---.:..;...:0H E I z. 5 K£ ET .0.
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NO.
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PORE PRESSURE

III" V~TD11"

1001----- - - ~--+------ 100
\

B

I I

I
I

~~ ~
I

. ~Q)
I

I

I

1
! 10'-.. ~o f-----.-. .;; 80
I

o' 5 ." -=a.: ~a.

/i~Q)
a.

I
1 -

~
! I :c
~'" ~

i

I ClC

'" ""~ =0 '"..
50 ~ eo I '" 4

fI I, 1.(1)
I

I ....
~'" ~ ClC

i.. ..
...J

I ;;; I....
0 I I

-<
... ! .... 1

"" I >- I- ~40 -;=; 40

I!~ if --..., 1(35
3

II ~
<.> i0 ....... i

I
~ ~

i... ,
i

20

// i
20 .;;a. I Z)

2

'L
1

DEV I ArDR STRESS I i
...... ·IEFF.STRESS RATIO

VS CD VS

0 AXIAL STRAIN 0 1 AXIAL STRAIN

0 ~ 9 12 0 3 6 9 12 a 3 6 9 12

AXIAL STRAIN. % All AL STRAIN. " AXI AL STRAIN. ",

1I0HR ENVELOPE KEY

EFFECTIVE STRESS: EFFECT IVE

~ BC
(/;1 =410 STRESS

SPEC IMEN VOLUME

C' =0 I ---- TOTAL STRESS N0, CHANGE ~
.A TOH L STRESS: I I~ ¢ =20° / ~ I 1 0.93

~ .or C = U ~ --:::;..---

'" I

2 2.10

E A I~r:;, "" '\ 3 3,06

2:~\ ~I\ I
a 20 40 60 60 100 120 140 m

NORIIAL STRESS. g"

SPECIIIEN NO. I ? ! 3
100 I I I I I~ I
90

la r f! r Co n t en t . " 14.9 14 • 14,0 '" 80
I i i I I f I i

~-- '" i i i ! I I I AI I- IOgl Watlr l:Olltlnt,~ ... '0
I

Z --- --- --. "";~ 0:)1 Oenslly.ccf .. 6~
i GRADAT I ON LIIIITS: / !

87.7 85.9 90.3 '" i ".;--r" I ..... •
I I

-'" 1I.I.Dry O!nsity.% a: ~o
I

z: Z -.- --- --- ~ i I i J...-- YI I I-0 z: - !
<.> Void R~ti. _u!!l ...!!.:-:m I _0

0.24 ... I I • I Y J" __ I ! I
~._- , __ .L------+
Saturetion.,;; I I I, 00.0 z: ~o

IX iii-95.8 8'.7 ~
"

--t--1 fT-YConaOI.Pressure.Ds,115.0 i <.> 20 L/f I -rl r-~o.o eo.o a:
I-~

~ Weter CO",ent.~ ! I i

.... '0 I I
-- ,,'

I I I
~ l..!.!'i--'~-~ .1 4 .5 . i_..!-4o...L ~ CO2...- Ory Dlnai tY,Dcl I ' .005 .009 .Oig_O~n :'00 100 SO :IJ If B ; lB

3 _
1\ 3 e2:- _a..e.;! _E"-.L-L.~.:.l.--0

~-_. - __"~J:.l_.1 ~E_R_~_-+, u.S:,STD.SERIES IN CHES... z --. ---
~ VOid 'Rr.:~,

JL.25J.Lo.281 0.206
r IN ES saitO GIU.VEL

._-
SYIIB SOil

Satu r!t 10l"l." r ' I Sil I.. '<S" IC"'-.Q.~; BLACJ(, SLI GHTLY J:_I L'iY GRAVELLY100.0 i100.0 ,100.0
Specimen Diameter

2.875: 2.6751 2.87
LL .-- SAND (Sill

~
In. - - - PL --- ~~.;~;" HOLE 7. 2C 1_n'.-< I

"" Back Pressure. psi 6.0 '-.0. ! 6!l_._0 l 60·L
-- .. _- - .._----- ._._--

~ lr.st ITm. r0
PI NP

~ ! I -- ---_._- - .. ------
c I~.;I",. rn,n. ___ f---,1.6.5 1 165 165 SG 1. 70 • 0 T E: EII8ANUENT NO. 3,

I:~~e 0' Str!ln -
3.29 3,26 3,33

W. A. WAHHR
CO"SOl,OATEO UNDRAINED

SAMPLECOAL REFUSE DA!'l FAILUR' TRIAXIAL TEST RESULTS

& ASSOCIAHS Saunders. ',,J • Va. I
NO _

•• OJECT .0. CITE SHEET HC.

PAlO lLTO HE_POIIT B(AI: ... CALI r. 0700 I Nov. 1972fFi" B-6 7-5-2
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AXIAL STRAIN. "
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'-"................

;, 15~""""'1~--'--~-;-I--r"I---I

I~- 601-+--+-+
1

-+-+--+----1

1

.,....-+1-:---:1

~ I
:;; 451-+--+-;-i-1-+--+:--.lir--+--+--1

~ j I \

~ 30t-1--+-
ji

-i--i--t-+I--+-+--t--I

~ 151-+--+-If--+--+-!-+-+-!--i

O~.l-II --::-1---l1-=::==-::::=;~----l..--;\----L!-nI
1.0 .8 .6 .4 .2 0

1\0 VALUE

120

PDHf VS

AXIAL .TRAIN

I I\. E y I

AXIAL STRAIN. "

I
I

S0l--------'----T----!

MOHR EN,ELOPF

751--

NORMAL STRESS. poi

~ ,,~.. ,k-----':I,---1·: 451--__+--
1

1-'--,---'-:---ffl----+I---+---t----t
=" ./! ~ "I- --.;.I ~I__--I ~ i

~ V i I ~ I! ~:(! I
> 301----:'-- ------+------t~151---+-·---+---.,....-----1 - 3~------+---+----t

~ I I' ::: I I

i --. ,S i I
151-------i----;.-'---I Of---+------:~.......--_+---l 21---+-·---+---r----I

, OEV I ATO~ STRESS r---- IIEFF. STRESS RAT 10

j
l vs I VS

O!:-O__......;l-__~A;;:X;,:I.;;;A~L...,S;:.T:.:.R:.;.A:.:.I:.:.N~ 15 : I AX I AL ST RAI N
3 S 9 12 - !:-0-----:l3,.....--""S- -9~----,1:-:!2 1!:-0-----.l--......I"'S..-;;.;.;.;.;,;;,.....9;.;,;,;,;.;.;,.":'1'::I2

EFFECTIVE STRESS: EFFECTIVE

;;; 45 r:pl =3Bo --+---+----- STRESS

Co (I = 0 TOTAL STRESS

E TOTAL STRESS: I L" I I
;;; 30 r:p =36. 5° ~1-~~- cl~---+----+---'I!----1

~ (=0 ~~ I" I

-':Vf I ~ I
o 15 30 45 60 75 90 105t-

·.;

SPECIMEN NO.

VOLUME
CHANGE"

,
~. .
, ,
.~

•
.. -

._----

-_._-------1
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110.
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ORAINEO 11o CONSOLIOATION-UNORAINED SHEARW.A. WARm COAL REFUSE DAM FAILt;RE TRIAXiAl TEST RESULTS

9 A<,snCIAT[S Saunders. ;.[. Va. ,
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rFF.STRESS'RATIO

VS
A~I AL STRAIN

AX IAl STRAIN. ",

GRADATION LIMITS

,It"
~
o'--""a:..,..,

I--....
Q;

'"....
'"--.,....--....

12

1BO140120

AXIAL STRA!N. \.

'0 ,

- "
~ ,--.... , J•
>- Eu
~

......
~ 40 -

20

0
0

AXIAL STRAIN ...

NDHR ENVELOPE I

NORMAL S1RESS. p 3 i

SPEC I MEN NO. I 2
water Contenl.\. 3B.I 46.B I"".- - .- -
OPt .ater Conten!." ..- ---

EFFECTIVE STRESS:
---- EFFECTIVE

BD ¢' =38° ----T- .-- ---- STRESS

CI =0 i TOTAL STRESS

TOTAL STRESS; I I I
40 ¢ = gO '-1---+---+----+-----r---.J-----l

C =4 psi £. I I!
/! ~ -~/~-

':~ t--t\ - I {i
o 20 40 60 BO 100

!
I

12D~-~-

I
I
I

I - - PORE

~""""rllIV~TgIIN
I ! --r--T--T --". J I ! Q)

~ IDDl-----i-----+I---:I,-----l:100~!-1--'---'--~----1
eo~__-"-i Ir--__-.;.I__--1 ~ eol----------:I----'-------l

! ~0 ~ I I'_:---l
::'I---~-/--c-:,'7.____:_~-+I-CD-l----l ~ I

~. 'DEVIATO~ STRESS I I
I VS

o AXIAL STRAIN
o 3 6 9 12

on
on....
00::-on

00::
C--i;, -
>-
~

"
..

'.,.

"

"

'.'

~

C-

..,
'"....

~" ""-..
~....
a

r!:

,:.,
"

----+-
_.....L

_. - - -~

, . . .-

! I

Ti i -i
3 ~ .3 oil 1 ~

,
I'" CH (S -
GR A 't El

--

10" STRAIN

7-5-7

SAMPLE
t~ 0 .

UNCONSOLIDATED UNDRAINED
TRIAXIH TEST RESULTS

:>-

~ W. A. WAHlfR COAL REFUSE DA.:·! FAlLURJ::

& ASSn CIAHS <-----:-__s_a_u_[}_d_e_L_s_,_·..l_"_v_a _" +-_PR....:O",'.;:£C:,;.':::-".:...:O..:...-+-_,;,..0"_T.;;.[__Ir-::,:s..:.."[:.;:[..:..'_";.::0.:...-I
PALO H'O "EWPORT BEAC_ CALIF. 3700 :>1mr ~l Fi~ :3 6

......,
<D

5

--~---~---------------------:-



SPEC I MEN VOLUME

NO. CHANGE ~

1 6.15

2 9.11

3 5.70

I

~
\.

,

I
180 210 240

PORE rn IAI V~TRlI N
-<

H
-- 6 i ~

! f .;
! ~t' i',

r,,:.. j .~

o· 5- CD I CD, ::;:
! GO

: ... /........-1' ..I ... 4~

tr
GO

CD
I CD -

I
...
~..- :I

~ II
u

0)
~

I ... I0.-... ,
2 L I

I
I

I 0 IEFF.STRESS RATIO

i VS c·

I AXIAL STRAIN
6 9 12 0 :I 6 9 12

AXIAL STRAIN. " AXIAL STRAIN. '. ".';;.

IKE Y I ".

i

I

----EFFECTiVE

---1 S,RESS

---- TOTAL STRESS

-- - 150.----

I '

6 9 12
!

OEViATOR STRESS
VS

AXIAL STRAIN

I

AXIAL STRAIN. \

I

o 30 60 90 120 150

50

150_

WOHR ENVEL~PE I 1
EFFECTIVE STRESS:

;;; 90 epl = 37° _

(' =0 I
ToTA L STRESS:.

<p = \70 " ~~/~--;;;;;;;;::t----i-:::;;;;;;;ooc~:-::::::-t-----j
(= 7 psi Y" I .....,Dd~-

30 ~~h..."'\

obrlff trh~ il \1\

~ 120--

c.

'"'"~
"

..
'".......

,. ~

~
~.. 90
VI..
0-.., . - 60,..
~

'"
:-:.,
, 30

_., 0
0

SPEC I liEN NO <

NO RIIlL STRESS. ps i

I 2 I 3
42.5 67.7 38.7

--- --- ---
54.1 I 48.5 47.4

--- _.- .-.
_9'514t _0~800 , 0.848

i 97.1 100.0 I 64.4

'u u

so-:z::
B0'"-... 70•

>- 50

'"
GO 50...
z:... .0

- 30
is
<.> 20.....
"- '0

.......

..,
'"

W.A. WAHlER
CONSOLICHED UNORAINED SAMPLE

COAL REFUSE D~~ FAILURE TRIAXIAL TEST RESULTS

& ASS 0CIAIES,-:--:-:,-_-.S:-a_U_n_d:-e~r~S~.--:-i,J_o_v_a_o--:--:--_-+-P_R::-:OJ-=E::-CT,:-,,-",,-,0'_t-:I:--,-Ol,,-,T~E=-=",::-::-II-::'-s~" E;;.;;E..;.T~.;.;,o~.--I II 0 •
PalO alTO NEwPOll BU._ .AlIF. n7nn lOIn". 19721 Fip ~'-h q-~~.. 'A

-~'.

- ~--.
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~

i,

,"-
;',

I

r
I

150~-
~ .... ' "._1 .._:::::~::~ .t--_----:..1 1, _

I 'I I ~t"' I I i CD
! I "" I ..----'"'_---'--...::~

~ 120 -i--- . CD ~12 i , i ~. 51----V'~I-r::::....------..:i--(i)l--1
=90 1--1----:.__~_ __,..i~~-·_1~gCt---_-=:;==::;:i===-__1 E• IT /_-----...;....~__'J
~ I I / ; I! i 0 ~_ 3 of: I

~ 60 ~ 601--.~_~_~__-+- ...:\::.J=-l 1--41-----:--.!

~ f/ i ! I i ~ 7 : -I

~oo.. II' 30 l+!t----4--____..-+
j'
,--+-wv--j -4 2

1

,I_'_--...,;L.--_L..'....:.:.::.;..:.:...;.:.:.:.;::.:..:.:..,~OEV UTOR STRESS ,-....... II I'EFF. STRESS RAT 10
VS VS

AXIAL STRAIN O"----~--____':---~----,,..,J AXIAL STRAIN
i,.0--~3,....---..J6L..:..:..:...:~9~~::.-1 2.J a 3 6 S 12 0 3 6 9 12

)

AX I AL STU IN. ,. AXIAL STRAIN. S AXIAL STRolIN. ",

4.39

VOLUME

CHANGE %

1

2

SPEC I ~EN
NO.

240
i

21018090 120 150

NORMAL STRESS. PS'

1I0HR l?:NV ELC PE T II E Y
EFFECT I VE STRESS: -- EFFECT IVE -- TOTAL STRESS

;;; 90 cpl = 38.50 STRESS

Co CI=O ./~ _~Ti ........
:: TOTAL STRESS: I / --,,' I,
:: 60 cp = 21 0 ..-- "

~ C=IOPS.Yf -V / \!
~ ............1 ........... I i

":l7ff i 'yi
o 30 60

,.

-

9-55-23

SUPLE
tl 0 .

- ._-- --

---------
POOL NO. 2 SLUDGE

CONSDLID~TEO UNDRollNEO

TRIAXI.L TEST RESULTS

U7UO :~ov_ 1972~ ... P::~

PReJECT Ne. eATE I s.rEr 00 .

COAL REFUSE D~~ FAILURE
Saunders, ~'" Va.

PALO ALTO ~EWPOR1 8(At~ CALIF.

SPEC I liEN NO.

W.A. WAHHR
&ASSOCIAHS

':cu

1_--+----'1__ L1 __',_+rA7"r-+T__+-I~~1-+1-+-1---01-1
1'.1er Content,S 40.6 41.2 I ; I-_+-I__--'i_--'j_+--+-+~~~I.......:I-...;I-+__-:--~!-----l..! :
~ .. _-._ ...---+----!--.:....::..-+---I~e, I / 71 ' I ,.----r
Opt I'ater Contlnt." --_ -__ ' , 'If--------+----+---!-----I= 10 f---+--.-:--+---t7"f-++-f---....;..---'--l..-------...l....J

~ ~ Dry Dens Ily, p" f i I 1--,.I----;----:I-7f/:........+---t:f--~-'-'...:IG:..:R:.:A:.:O~A:...:T...:.I-r0:..:N~L.:.:1M::...:..IT:,.:S::-__....:....t55.S 52.2 ;; 50

! I
z~ liIax.Dry OeMs'ty," - •• I ... ~ 50 I--,...,...---:,....-H-+--f-+----,-+----,-~.....,...---....:....t
- or-----,----+----:----+----I z: i I / II 1 I !: ,

....~~... U66f. ~.:!.'5 I ~ ,0 r--t-"""'-i---:I-/--:-I---+---f-;-I-':':
i
-+--! ' 'T

SOlu'"t,Cr.." 100.0 T 65.6 ~ )0 ~,'~ ~-! ·t--~t --T' -'7

Conlol Pressuro,ps,l 4o.0.2o_.0_l_ E:~.--/ IiiI 1'-1,/ l"riTI ll··! ~ ti+'~
--,~~~tenl.!. I 37.6 136.61. _ I I I \
~~ Cry Olnli ty.C1cl -' 58.4 i ._.. : °(1::11 .005.009.019.03"" 100 100 so XI 15 e .. 3! J .. 1~ 3

"'3 Void Retio . 0.49~ _=~.-- _.W!..L~~~WRS -+---..IL.-U;-t..~-LR-'.u.-+ - ~:;::~
~.-~-- ...'.. -.-._- SYMS sell
Salu,"! Icn.s 1100.01 100 . 0 I __ .._..e..u.S.s..!..f..l.c....."o.• : •. SPEC. 110. 1, 6LAC~. SAMOr SILT (IL) •

. f~~C' un 0, alleter I 2. 6751 2.875 i LL --- SPEC. "0. 2, BLAC~. SILTY SAND (SIl).
- PL --- S,WPlE HOLE 9. 57'-59',a Back P,:sSU';PSi 1 5_~:~j ~.~ I --- .J..JlU.l..L.Il.!J.~__. .--

~ rres: Time 10 I 152 : 154- PI NP __.
.. ~lJ.u.L.!:ll..!l., -+---;:' I SO 1.39. 0 T E:

i~;~e OT Str~ln. I 4.~43 .-.-

..,
'"

~.....

.~.
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~.:" ,.--~>,-~,-- :"'_.

!

VOLUME
CHANGE %

2.22
4.26
6.5B

AXIAL STRAIN. ,.

1

2

3

IIEFF.STRESS RATIO
VS

I ':0~----'3:-----L:"6..;,A;,;:l,;.1;::AL:......:;~;,:.T:..:.R A.:..I.:..N~

6...---t------11-----i1----I

SPECIMEN
NO.

i
210

TOTAL STRESS

/1\ E Y I
EFFECTIVE

STRESS

,BO

AXIAL STRAIN. "

150

~-3"":-0----!:-3-----i6,........---);9---:.-sf

12090o

AXIAL STRAIN ....

MOHR ENVELOPE

o 30

i DEVIATOR STRESS

Ii VS
OL.__....l..__---!~A:::.X.:..:Jl::L:...;;S~T::.R::.A:.:1N~

o 3 6 9 12

30111--------.,...---.;.----1
;

150---

NORIIlL STRE SS. p. i

;;; 90
Co

:'120~-

EFFECTIVE STRESS:
-~---+------1'-

qJ' = 360

'" C' =a::: /'
~ 601r---------t-~-z1;;;;.-.1:7-=-t-=,-=l:::__:--.~-+--+---i

~ 30 .4i 'i< /~-~ ~

jAr I f\ 'l \~

- - +----- 1201------~---......_--_1

I I I
~0 I! f.! ': 901----..J

1

,...----;-------1g 51---+----j---+---t

a . ~ /' ,~0:
:: 90r--frl-n~-------=::::===~:Z60"""""'f--I------'-~~ 4~~-t=:t1.fD1)

g..--1__:_---"-0_3~~, (,ri_____,~ ~ ,I /1 ~- ~2-

= 1D~ f I I
211---+---f---i----I

CONSOLIDATEO UNDRAINED SAMPLE
TRIAXIAL TEST RESULTS

......-pR-O-J-E-C-T-.-O-.......--O-• .:..'..;,E";";-"";';';T:":"S':"H':E":'E":"T"-c-.--llO-~-~ ..

C170n I 'II,,,,, 1Q.,.,IF1", -R_"'- Il-PST-l

3

3.54

2

COAL REFUSE DMl FAILURE
Saunders, w. Va.

PALO AlIO HEwPORT IEA~H CALIF.

SPECIMEN NO.

W.A. WAHUA
&ASSO~IAHS

'DOl ill ~ i
9a t--;--.........--;--+-+---t-+--+-i---+-7'41T----i---+-+--+-I

Water Content," - j i i -,/ / I I
~ -- -- -+...!'~B.:...:.4___if-!1.:!5.:...:.9_+-..J.1.!..7"".62....._Ii'§ao ~==!=~~~~~~~t:=l~t;~Ati=tt==!I
O t • t C I I • - I i GRADATION liMITS, / i I I

:z: C l!I Br __ on.n ~ --- --- ~ -;0 --V I

~ ~ 0 r y 0 fn s, I'-y'-.-p-cI--+---+-~-~---I ~ 50~_..;.'_~!_;.-'_~'I---11-+--j.......,q...A-j....L+~I_l---....:..i,_.!.I__-,----;I'-I
73.9 95.0 9G.S - 1 i I I / 1./ I !!, I

Z~ M2II. 0 r y Den Sit Y. ~ _. _ __ _ ___ ~ =: c I--+--;--f--;---jf-+---\f-::P-"~,-+-+-"-_+-:__...,:I:--+I
- ol-~------+---+---t-"'::"::'---I z: i I ! I' ~I,' I I 1

<.> Vo i d RaI i ° ;;: •a 1--+--;-'-;--'-f--1,f--_-1',A7.tF--I--+---+-I---..,--+'--+~!-I
, . O. 3~I-'-=0,,-. ~11,-,-7+--::..:0...::.2..;.;41'"t I I ! I.........--v I I Iii: I

1---j_S_'_lu_r_'_I_'_O_".:...% +.=.9~B:.;.3=-+1.1.!10!!.!O!"'J!0!..-...j.!.!10:!.!0:!.:'~0---l ~ ~OO l----+----+:-+.1-'-!"'-<:1V~"J!.-+--+--~I-~-+--1T I
,--c::-o_"_I_O_I::-.p_r_o_s_I_U_"_._P_S_'t--=4~0~.::!.O--j_.lU!.R'O,,!. e=--.+!I~o.!:.O:..:.0=--1 ~ • .....K....L= 1 T"-+--+-1""';'-1

.... ~'•• l.r CO"IOOI." _~0.5 ..L.-'1:.=5.:...=.B__.,...I..:.I=-l:.:.S'---t
Clo

'0
0

c;.-- I I - - -- - '/ T' I
c_ 0 0 . '-1 I .~02 .005.009 .O'9.0Jn 200 100 so ]J '6 8 • ~8 J I, 3 a
=:c; ry Inllty.pcl 75.,!1.. B8.7 ,96.9 _....:M.-'-'."'Ll~':-=.:.::E-:cr~E"'.s"-_-+-I---'U'-' .....S"-.STO.sr.,[S I I:C~[S
... ~ YOld Ratio FINES -:".0 -G-R"~-[l--- __.0.256 0.069 0.159
~~~S~'~I:u~r';I~i~O~"~'''~~ __~1£OD~.JOL-Ji~10~0~.~0~JI1I~OD~.JO~~SYLMLBi-:SM:-f'rS~O'~:~~S:S~I~F~'~C~l.!.T~'O~.~:~9LAC~.SILTY. GRAVELLY SAND (SMl

-' ~~~c I me" 0,"me! e r, ? O~~' 2.875 2. B75 t-~:::~-;--2!.;2~y.s""~~,"P,;-;;'[-r.-.--S-P-E-C-'-ME-N-S-l--AN-0-2-_A_-R.E-_-.F-R-O-II-H-O-L-E-'-O-.--I

; Back Pressure. C'; ~O;0 ,50.0.~
z: Tesl Time 10" ---T-- - - PI NP 160.7'-62.7' .SPECIMEN 3 IS FROM HOLE 11. 35.0 1_37.0 1 •

~ ,. •• m n 125 1~1 165 SG 1.52 " 0 T E: MIXEO EIlBANlllENT AND SLUDGE IATERIAL.
:5~' 0' St,.,.. 3.8S : 3.90

~..,
CD

Sheet l~ of Ie:

"". .............. ... ~ . -;;;.;---0--=------ _



,.
I:,
I'

l~
I:
i,, '

i ~
j"
I'
!

VOLUME

CHAHGE l;

2.22

2.95

6. II

AXIAL STRAIN. "

I

2

3

r
EFF.STRESS RATIO

VS
11,.0__~I-_---l~A:.:X:.:I.:.A=-L..;S;,:T,::R.:.A:.:IN~

• 6 9 TI

SPECIMEN

NO.

240

!

i
210

In y I

180

AXIAL STRAIN. "

I

AXIAL STRAIN. lo.

!,

MOHR ENVELOPE

EFFECTIVE STRESS: EFFECTIVE

;;; 90 (/)' = 35Co STRESS
Co TOTAL STRESS

'" C' =2 ps i / -J
~ 6 TOTAL STRESS: ~ -- --""""'===-
;;; 0 ¢ = 19'I~O 1..--1..--/1\ II ...... "

:: C= 4 psi I _.....- '\
;;; ,.......-:::::r ,. !

30~l\ "\ II
00 30 60 90 120 150

NORMAL STRESS. D,'

PORE 'RESSURE

nl"IV~T~"'N I
150 f------- I ..........-PIeD 1501----;---IL- --+-----1 8il---~--'----_+_-___I

V I i. i I t I i
~IIC~ 1201--/--..-'7lli'----Lil-~Ii,.:.------j·~1201---+1---' ----.:.-:---li "";- 51----i

i
--+

I
--+-

I
--I

~ I '__---+1__-+__-1 ~ 4 /~,---+-_J.../l)~
~ 90 .....i 90 f ~.:-!- .....!~0; ,i ~~(3) ~ f(/i ~

60 ' ~ 601---I---+-- i §3lf

~ If ~~_i__laC!) I 2~~__~i----..+1--1-----1
30,.,.,,- I':: I 301:. I , II .(2 'II' DEVIATOR STRESS ,r - I ''-.:/

OiJ:--__.,!,-__~A~X.:.:1A::.::L:...V~~T~R~A.:.:IN~ i\ f)
3691 3 --. S I

"~

.,

~

~.

,
'~;.

~,.

{

SPECIMEN NO,

2.875 2.875 PL
60.0 50.0 PI

165 156 SG

3.50 3.93

...
'"'GO

CONSOLIDATEO UNDRAINED
W.A. WAHLER COAL REFUSE DA.'1 FAILURE TRIAXIAL TEST RESULTS SAMPLE

& ASSOCI AlES L..... S_3_u_nd_e_r_s_._w_._V_3_. +..:.,P::.;'o;.=:';:EC:.::T-:";.:O..:.,'-tr-::-....;D;.:.,.;.;TE=-:-:::-=-tr-=s7H~E:..;[ T~"0,,:,:--e1-P~t'l &
PoLO HTD "EWPDI1 BOt. "'lIr. ~ T".-,,, 10 21~'" K_F. hO-S-9

.~.

,...:;- -, -. ......... - ,~'".
.......,.,' -'

1.S9

_.. -.,~' -~, . -~~~---.

';. -

b
JI--



-...,

-:-0-:::""-•• " . __ .•.•. ',.c.• _ ··or >'", • __ • _""r.~, _._ ,. __ .
~'C __ '--"'_',, __ • ~

~1201----
-+

.-',-

....
,,-p

I I[ \ P::: I~~~::~~: j

r------- 15011-------..l---+1------l 51----+----+------+--~

_______I __~li-~·:12'l!_-____:_1---:__----:I_---lf51------l-----l.1--+---I
1 ~ CL 1 - I I I

:: ~ ! CD ~ i : y,__~~-_-Lri1L1J

.. ao ".--- :::: 901-------_1:...-__.;.....-_---1: ~L--_T+_~:.,;:;=FI=::;;;;:~I-\Jtr.;"'\-I

~ -(ii ~0'" ! -0 ~ 3

r

I~, !i W
50 ~ \ ~507/1 l//!"~ ~.i',....:"-EV-IA-T-':~-~-~,-S-l, ,,~------<....:--1-:-; §'HJff-

0
_fl_...:.\i----;r'-FF-.-ST-R-~~;--S-R-A-T I~O

0o!-__+-__+.;.;.A.;;.X;.;IA.;::L-=-ST;.;R:.:;A;.:.I;.:.N~ o~o -----Ji>----......-----..J 1LO__---:\,-_-.I;;,....:.;A;,:.XI;.;A:.:L~ST;.;R:.:.;A..:.;IN~-I
3 5 9 12 3 6 9 12" 3 5 9 12

UIAL STRAIN ... AXIAL STRAIIL ,. AX I AL STRA IN .••

I·

I'

SPECIMEN VOLUME
NO. CHANGE, .-

"
I 3.16

2 5.12

3 5.63

I I I i i I,

---l-- -~l I
i i , II I ,

71 I I , I I II

I
-

1

240210

I---J..-"-- I I

1l'l0

'a a
90

BO
'C

60

50

'0

30
/

,0

150

3

J KE~F:CTIVE
___ STRESS

TOTAL STRESS

1I0HR ENVELOPE!

SPEC IIiEN NO_

o 30 50 90 120

NORMAL STRESS. psi

EFFECTIVE:STRESS:
;;; 90 «pI = 37° --1----
Co C' = 0 ----

:: TOTAL STRESS:I/'I
:':: 50 «p = 15 5° I.,? -""""-
; C=9 ~SI r J -=:::~ ..- ~~
i:i

3
i Ai _~ I~ "

0b1r1l1\rl \ I \.\ I

~.

':-

~,

> CONSOLIDATEO UNDRAINEO
:;:: W.A. WAHlER COAL REFUSE DA.'f FAILURE TRIUllL TEST RESULTS SAMPLE

&ASSOCIATES ~-=-_~s~a-u-n_d~er~s~.-·w-. __v-a-·---_+_...:.._=cR~OJ~E~Cl~.D:.:._+-.:::O.:.:T~E_~I~s~HE:..:E..:..T...:H~P.:....--I NO.
PALO .aLTO N[-POIiiT BEAtH CAL I r. 0700 ~n'\. ~ Il=''; ~ "_h 11_,,_"".t11
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-~ '-~ ,-'
-., . _. - _~ •• _ - -'0- -'7-''''- _ '- __ '.

I
P

CD ~
:~
{2)
it3)

.3

'UH~ n~~~un~

AXiAl V~;I1AIN

I
I

I
:

:
~ -:'0I

I
I

,

1 I I
11'7'\' - 100--- 6~--I---,----l---,-+-----tI
:\V I'

I: I' ,It"', ~ I
,=-0,-,-__-_-_.-=..,-----l: 801----+------~--__1 ~- 51----...L----"-!---:--~

..(}) ~ I ~ l__---'~I-.....:::r'

601-,4------:""!-----:....!-~,-~~ 60 I~ g4 /8'''- I

~ i ~ ~0: I ; 1/7-"'1===~~
40 I .__.:- -,-_._ ~ 40f----,i--+----+-----:..----1;:- 3f----,f/-....,.,.~/--_+_---_+..:>..:-'-~

I( ;CD ! Ir-~:G) ~ f&#1 I

20 (I -I: OEYIAT3~ STRESS 20 p- T

I
~ 21-11-1(~_';'"il---rE+-IF-F-'1o-T-R-~-'-iS-R-A-T-l0-l

00!-__-+-__-+..:A::X.;.'A::;l::....;S:..:.T.::;RA=-I:..:.N~ o~O__---!;__~!:----:':--~:-:! I !-O__----:!,...-_......L,.....::A.=.X.:..:'A::l:....;:S~T:.:.;RA:..:I~N~
3 6 9 12 3 6 9 12 3 6 9 12

100 -

=- BO ._

.,;
on
~

Ill:-on

0:
<>

, ..-
~
Q

-"

AXIAL STRAIN. '" AXIAL STRAIN. '" AXlH STRAIN ....

VOLUME
CHANGE ~

2.76
3.54
6.70

3.82

1

2

3

4

SPECIMEN
NO.

160140120

~OMR ENVELOPE I

EFFECTIVE STRESS; I
KE Y I

EFFECTIVE
;;, 60 cpl =36° , J- -- - STRESS

: [I = I psi ~ I 1-_-- TOTAL STRESS

; 40 TOTAL ')T~ESS: ! .k /'~............... - ...1 1

:: ~: ~O ~V ~V~ I ---
~ ~~-"' V\ \1

'l?!frlfrli'\ ''( 1\ ~
o 20 40 60 80 100

t,

NORMAL STRESS. g"

w 70..
~ 50...
0:: 50w
z:- .0...
z: 30
w
'-' 1 C
15... , 0

.-

'(.

>...
0::...
M...

W.A, WAHl[R
CONSOLIDATED UNDRAINED SAMPLE

COAL REFUSE DA.'I FAILURE TR I AX IH TEST RESULTS
& ASSO[ IAHS l..:- s_a_u_n_d_e_~_s_. _w_._v_a_. ~.....:....:pR:..;:O;.,J;,:;EC;;,T,...:":..::O..;,._-+-_~gl:..:.T~E_---lT~s~"E:..;E~T...::"~O.:..'......f3-l~ ;

PAlO AlTO NEwPgRT BEl:. Cilir. lJ/UU I ~"V 1Q7., IFi~ B·;" _"I To. <:-'1
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.,... ,.... ,. , ...... "'~ -'.

0.62
2.49

2.74

VOLUME

CHANGE ~

! i
I !
I

---. - " -

IEFF.STRESS RATIO
VS

AXIAL STRAIN

Alill STRAIN. '.

3 6 9 12

!,

SPEC I MEN

NO.

PORE

HIli V~TRAIN
-__ 1 -- -- _l __~ 61----"! -

i
\.I~ I

.r- i
_________ o' 5~-------~

:;{2 ~~UJ
- ------...........r:l\.~.1

\---;;~rL-~--·---{0

!/ I

~-----'---I---

'"'" 4....
'"

d5 -....
....
~

-r - 3
<.>

CD
..............

I I
2

,
r CDi 1

6 S 1:1 0

AXIAL STRAIN. "

I KE y I

I

,~

O~o-----!;3----;:---;;-.....;:~

75f---------

I I

:

j
i
i
I

6 9 12
I'OEVIATOR STRESS

VS
A'.IAL STRAIN

Ulll STRAIN ...

75 ..

50-

MOHR ENVELOPE I
EFFECTIVE STRESS:

(/)' - 37 5° __ ---- EFFEI:TIVE
~ 45 C': 1 ~S I --1--- STRESS

~ TOTAL STRESS: I -- -- TOTAL STRESS

~ 30 rl1 =15. 50 ~./~:;::::::---T--t-=;:;._...il-'__~I_--l
~ C= 4.5 Ps;( I~-=::::~/" -= I-... I
;;; 15 L-l _...-.:::::- y \.

o?f({"lY\\ i '~ : \

\" ....

-:;.

'".:; '"~
'"
'"
'"'"

-;:: c-
>
~

0

~"

o 15 30 45 60 75 90 IDS 120

NORIAl STRESS. g'l

~..

CONSOLIOATED UNDRAINED

TRIHIH TEST RESULTS

>....
'"..,
a>

W.A. WAHl[R
&ASSOCIAHS

COAL REFUSE D~~ FAILUR£
Saunders. ;-1. Va.
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r~---!-0! ...0 -
15~---___,r__--7'--.., 15~/~!:::::~===+=~)+1'-~ 21--__-;-\1---+,---'---1

I
i IDEV'AT~~ STRESS 01'........>--.....---........'-0 IEFF.STR~~S RATIO

I AxiAL STRAIN I"'o__-.....!;--__.L,,-I...:;A~X.:.;IA~L:.....:;;S;.;TR~A""I-N~
D!rO-----,!3;---6~""""~~9""""""'""~12 0 3 6 9 12 J 6 9 12

"

lCll STRAIN. "

,~
60I-l--+-+-+--+---li:r>...,2......J-+--t---t

30t-+--+--t-j--+-~"1Ir!-~-+-1---4
O'L.;;-J--~!,,=,i~~l~~~-J
1.0 .8 .6 .4 ,.2 .0

KD VALUE

15 0.--..,...-....,...~~---,-r---,--....,...-,.----4

I ! !
I I~'

1201--+-

1

-+-t---7--H\rl-:_"k--+-

1

-+---t

90r--j-+--+--+-+-~r-+-...,.....-+-~

Ib"

AXIAL STRlIN. %AXIAL STRAIN. ,.

.--N-OH-R-E-NV-E-L-O-P-E..,...----r----..,r---T-----::l\,....".E-:~,.------,~

EFFECTIVE STRESS: EFFECTIVE
STRESS

;;; 45 rp' = 36. SO '"
"" (. = I psi I /" --~TOTA~ STRESS ~

~ TOTAL STRESS: ~ ~ ............

~ 3° cp =220 ." -- ~

~ C = 2 ps i ~~ ~i//" ;
~ 15 /' ;X--'i'I , \ :

o~~rr\ \ V \ i ~15 3D 45 60 75 90 IDS 120'"

NORMAL STRESS. D.i

':.i.:

~.

,\-1

SPECIMEN NO_ I 2 3 " U STRA I N RATE AND VOLUME CHANGE I/) I
f--r-------+--'""0-.5--t--'9.::..8-t-'-0"-.0-f- gO - FOR Ko CONSOLIDATION .l.--+--+-+-',A-,OL-"'I--";'\-I
~~~~_nl, _"__+-__+-__-+__-I~ o.c SPEC. STRAIN RATE CVHOA~UGMEE.". -,-I_+-+".Y~-,.I_:..! ---+'-tOPt Uter Conlon'-", --- .__ ~ '" " '.-

~ ~t----- ---+----+----+----1 ~ - ~/h r .. i ! v !
c- Or~ DenSlty.pcl 84.4 85.8 85.3 ~ 50, 2.i3 l.i9 -'--..,-,'1/,.....-'----:------,,--1
z~ M3 •. 0r~ Densit~," .__ '" 50 2 2.92 4.64 -'",_".1'-1_-,------:.1_7-"---'_~!-I
-Q ..... ~ 40 3 3.e2 7.. 62 A I I

°f-V_O_id_R_'_li_O_ 0.38 0.361 0.368 EJO I I ! -f--+- I --LL I I I _~ __+
t-.,.S_._t_u_r._._'_on_._~__-i_5_1._6---!__5_D_.6_+-5_1.:...0~o 20 t I 'ffr+=LL -l-l' f-l_---

t
L-.-l-.

Con.ol Pressure.psi 15.0 30.0 60.0 ::; II I" ---+--J1--- -- t t"I'-t
~ "ate, Contant," 15.6 20.4 15.3 ... '0 I

;;i=-:- - --.. ---- l - -.- -.- ~_.- ..- ~ (I~Ol~.C;;-;O:'<S',O;;;O"g-:.:~-"g.-;;;o,';;,.,=-,:;;10~0-:!;1(;D~:;C;!:-"':Jl~-;'E!--;e:-7. --:;3-';;e'---;-J.L-~':--~-+5 i
z:;; Ory Oan.'ty.~cl 86.0 i 90.0 ! 92-4 '-+ _~. 1, -- T ---l --r- ·__~_rL_l:.~!!~ ~~~~IES .INCHES . _
... ~ Void Retio -'. ---1--~~~5£i -O~981 0.26 'INH SA'O ".I.eL

~~n-:-,,---'rlo~1JoO:~O-STMB SM l~~~~C-!~1L •._~~~~~_~ELL_Y SANG (S_M1.:-_, __ ._

O LL --- ISue,men ,.moter, 40 I 40 I 4 0 t--t--iT.c;;o7T--------------.------
;. ,n_ ,'" PL --- !SA~PLE , LABORATORY FA2~ICATEO SAMPLE.
::; ~~ress~r •. Dsr ~_~o~-l_ 50:01 50'~~~pllilllL- . - -

~ F:s;,u~m: n~~) , 79 I i9 T 80 SG I.B71. iITE:-SAMPL-E--F'A-8RICATED TO APPROXIMATE AVERAGE--

::~. D;,~~",n, 5.45 5.62 5.73 AVE.~ --~DAMNO-:-3C-ENSlTi-cliNDlTio;S:-' •
ORAINEO 110 CONSOLIDATION-UNDRAINED SHEAR SA III PL E

WA. WAHLER COAL REFUSE DAM FAILURE TR I AX I At TEST RESULTS II o.
&ASSOCIAf 'tS Saunders. \J. Va. I I

L- -t-....P......,.DJ~,~CT~ND:..:.-+-.,.,-O::.;;.....T;..'...,...-+~S:;;;H-=-E:..;ET.....;;.:.o:';"--l
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FIGURE B-7

SUMIllARY
OF

PERMEABILITY TEST DATA

~~GP.:< OF SATURATI~N

(~,. "-n;
"0

~l:!Y

:,I>SITY

c.c ~ )

VOI~

~ATIO

WAT:R
::)~!i~NT

~)
I~ I TI AL j!!R I:~~ TEST

COEFF I CI Eta
~;:'

P;R"~~~ I L 11'
(Cil sec'

/

55 0-57. Q

77.0-73.5
I 80. G-8:. 6
I 80 D-8'. 6
, 35.0-37.J
I 35. Q-Ei 0

i I

,-
; ~ I

I
,p_ ~~ I

.p . -A Ir - iU I

FP-iOA I
FP-loA :
FP- i iA I,
FP- ;2AI
FP-m
FP-i2A
FP-llA

FP. :4A
FP- :4A

~'

70.(1-72.0
70.0-77.0
75.0-77. 0

iO.0-12.0
20.0-22.0
55.0-56 3
55.0-56 ;)

20.0-22.0
S5.0-57 0

30.0-32 0
50.0-:7.0

.9-3 ::
3.5-:.:
3.~.5

3.i-:.5
12-3.1
4.B-6.B
,. B-S. 8
4.8-6.5
3 - • =.;)-0: . .J

3.~.5

3~.5

COMBINED

hlL
hlL
hlL

SM
SM
SM
SM
SM
SM

~L

ML
SM
'=IL

SM
fIlL

SM
Sf!'

SM
Sill
SM
5'-1
SM

SM
SM
SM
SM
SM
SM
SI:1

52 5
56.3
63.6

86.7
87.7
53. i
54. B

az..o
50 '
:·4. 1

67.5
SOU
59.6

lO3.4
58.5

91.8
74.4

~94

94.5
95.~

97.~

101.9

8B.~

89.2
91. l

IOU

107.7
'11.0

96 4

0.665
0.618
0.854
0.223
0.281
0.650
0.617

0.370 I
o 669 I
0.614 I
O.65l
I. 000
0.8i2

0.ne7
0.495

0.214
0509
j.40n
0.471
0.457
0.429
0.365

0.574
0560
0.527
G.309

0.292
0.254

iJ.350

44.7
37.9
40.3
11. 6
l4.9

41.9 I40 3

i3.6
~O, 9

42.5

30.9
37 j

40S

12.0
37.3
11. 1
15.B
11.9
14.8
14.2
12.9
10.4

19.2
IB.5
17. 1
11.7

11.0
9.2

10.3

93.0
87.6
94.8
B6.4
95.B
87.5

100.0

66.3
81.0

97. I

94.9
59.6
85.7

100.0
100.0

89.6
55.8
49.3
48.2

100.0
100.0
50.4
38.3

100.0
100.0
45.G

IOU
100.0

55.2

100.0
100.0
100.0

100.0
100.0
100.:
100.0
100.0
100.0
100.0

100.0
100.0
'00.0
100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0
100.0
100.0

JoO.O

4.5xj[j7
·.3xl0-0
3. Ox 10-7

1. lx 10-4
1. ]x 1[1-'
1.9xl~
i.5xlo-!

3. h 10-:
UX I~

5.lxl0-5

! .QxlO-o
3. ~x 10~
6.0110-5

3.0xl0-5
~.4xlD-6

'.6xllrS
:: bl~

:: 5110-5
Z.ix10-5
1.6 xJD-5
1.9xI0-5
9.4xlcr-S

1.2xHr
1. Ox 10-:
64xl0-5

6.6xHr5

4.4xlO-S
i.ixliJ-5

9.4xi~

.' .
., "

,.
~ :\

·UNIFIED SOIL CLASSrFrC~TION SYMBOL

-.,. NDT~ DRY OE~SITIES AND UTER CONTENTS SHOWN REPRESENT CONDITiONS ~FTER SET-UP ANO
APPLICATION OF A SMALL CONFINING PRESSURE IN THE LABORATORY TRIAXIAL SHE~R

APP~RATUS. ~NQ 00 NOT ~ECESSA~IL~ COINCIDE W!TH IN-SITU COND!TlONS

W.A. WAHm
& ASSOCIATES

FIGURE ~7
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APPENDIX C

SUPPORTING DATA

This Appendix contains a number of tables and figures that present

significant data used or compiled during our investigation, but which

were intentionally removed from Volume 1 of the report in order to

avoid unnecessary text interruption by basic data inclusions •

....~

~.

WA.WAHLER
&ASSOCIAJfS

C-l
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(1~ TOPO~P.APHY 9Y ~ICHAEl 3AKEn !R INC. O~SEO

ON AERIAL PHOT~GRAPHS TAKEN ~OVEMBER 22. 1952
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• CAL IF.
0700 DOTENOVEMBER 1972 DROWING ND.

COAL REFUSE DAM FAI TO ~(.::.c"""",, w" 'OGRAPHIe ~ u
PALO ALTO • WEST VIRGINIA E~~ili]~=+M:A~P=OF~M~ID~D~l~E¥FD~~-~K~V~A~~:Y=1

• NE,PORT BEACN PROJECT NO. NOVEMBER 2B 1962



~OTES (1) TOPOGRAPH~ MODIFIED FROr, FIGURE C-l OF THIS REPORT ~966 CONTOURS SHOWN IN BOLO LINES
«) CONTOURS IN DAM NO.2 - REFUSE BANK AREA ARE GENERALIZEO. BASEO ON SKETCH BY WE OAVIES 12/9/66
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W.A. WAHLER
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COAL REFUSE DAM FAILURE
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FEATURE I YEAR
I

1960

f
1961 1962 1963 1964 1965

I
I
I

I
I

REFUSE 8ANK

DAM NO. 1

POOL t

DAM NO. 2

POOL 2

DAM NO. 3

POOL :;

DAM NO. 4

POOL 4
I

1I1ACTlVE I
t- +-_A_C_T_I_V_E-+(_tl_O_T_E_I_)_+- ...II (NOTE 2) __-+- -+---...;.

I
I:::::::::::;:::::~::::::::::::::::::::: ::::::::::::::::::::: :::::::::::::::::::::. ::::::::::::::::::::: ::::::::::::::::::::: ..-

I I I i

I1II1111 ~ 1111111 !II !II1I 1IIII1111111111 1IIII1111111111 IIIII1111111111 1II1IIIII111111 11111

I I
I
I
I
!

~.

"
I 1960 1961 1962 1963 1964 1965

CALB~DAR OF DAM AND POOL,
MI [IDLE FORK·
1960-1972

l:,

NOTES: (1) REFUSE BAN~ ACTIVE =RECEIVING COAL REFUSE. P.EFUSE OAN~ WAS ACTIVE SINCE 1947.

(2) REFUSE BANI INACTIVE =HINES CLOSED.

(3) REFUSE CAHl GelERALLY INACTiVE =~OST OR ALL OF THF COAL REFUSE OUTP"T BEI~G

USED TO CUILO OR ENLARGE DAYS. OR PLACED ELSEWHERE.

(4) THE PATTERH DR REFUSE PLACE~EIIT CAUSE~ THE REFUSE SAl'lK TO COALESCE WITH oAll NO. 1
SO!!ETlllE BETftEEN 1960 AND 1962. IT THUS -~E~AIJE FUHCTIOIIALLY A PART OF DAM 1:0. 1 ,
AT TH"T TIllE. DURING THE PERIOD 1967-1969, THE PATTERIJ OF REFUSE PLACEtlENT CAUSED
THE REFUSE BAN~ TO COALESCE alTH THE LEFT PORTION OF THE OO~ST!EAH FACE OF DA~

NO.2 ALSO. SEE THE ARTIST'S SKETCHES III THIS CHAPTER FOR A VISUAL REPRESENTATION
OF THIS SEQUENCE.

(5) THE TI81NG SHOftN HEREON REPRESEMTS ~l INTERPRETATION OF THE AVAILABLE DATA AND TESTI~ONY.

SO!!E CONFLICTS EXIST IN THE SOURCE DATA.

HORI ZOIHAL

....':' " ......- .. , ';-...--. ..... -..... - .-',...- "- '. - ....... ,_...... ~~ ,- ..•.~.. . ' . .,,' - ... '. , ...,...... _.
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\965 \966 \867 1868 \ 869 1870 1971 1872

ACTIVE I IHtlERALLY INACllVE (t! 0TE ~ )
I ,

I
:::::::::::::::::::::[::::::::::::::::::::: .................... .. .. .. .. .. .. .. .. .. .. . ~ .......................................... .. .. .. .. .. .. .. .. .. .. .. "1.. .. .. .. .. .. .. .. .. .. . .. .................. ~ .. .. .. .. .. .. .. .... .. ................. .. .................................... .. .. .. .. .. ... .. .. .. .. .. .. .. ........................................... .. .. .. .. .. .. .. .. .. .. ... .. .. .. .. .. .. .. .. .. .. .. .................. .. .. .. .. .. .. .. .. .... .. ................. .................. .... .. .. .. .. .. .. .. .. . .. ................... .. ......................................... .. .. .. .. .. .. .. .. .. .. .
i I i
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!IIIIII111 !11111111111111' 1111111111 IIIII 11
1 1'1'''111 I IIIII'. ~LEAP. POOL

I I I II i
I ! 1

I I

F~H:~
.. ·.... ···.··.1 .......... .'1~,:

I
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i
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I I 11111111111111 ,11111 \111111111
1

iIII1I
i

I:.. ......
I0.

I
;

;

11111\1~W///h
1965 1966 1867 18 S8 1869 1970 ~ 1971 1972

,
.- DA~ AND POOL ACTIVITY
;

MIDDLE FORK
K E y

<

1960-1972
CLOS~O I:OT Ai~ :::,F::CTIVE

(i .e. BLDC~ Ill:; nA~ D~CAUSE ?oESER-
UNDER VAHEY A."';j VOIR I S FILLED

CONSTRUCTION hDlI iiG AS A OAU) YlITH SEC Il.lENT

r==~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I IOAMS;:;::;:;;:;:':;':"':':;'~;;:;;:"'U":':::::::::":::::':-::::::;',':;:;::;'"":;,,':,,,,;',,':;,,"j"....•.•.•..••...•"...••••

!loal ZOl·:TAL SCALE: ~!:CEIVING NOT REDEr V U:~ NDT R~CEIVIt.!.,

SLU~GE A!lO SLU DGE OUE TO SLUDGE BECAUSE
1/12" =1 I.;o:m. t:ATunAL PRESENCE OF ~FFEC- RESERVOI? IS

SE,lIPA:::rn TIVE OAU UPST~EAM FULL OF SEDI~ENT

P00 LS iIIIIIllIIIJ]]][[ 1;1:11~
lillY.

~LP,r.!J~O~

W.A. WAHHR COAL REFUSE DAM FAILURE CALENDAR OF ~AU AND POOL ACTIVITY
rll ~~Lc FOR~

" &ASSOCIATES
SAUNDERS. IYEST VIRGINIA

P;OJECT I INO OAT~ FIClJRE NO.

, PAl.O AL TC . NE"pon BEA CH . CA ~ ~ f , 0700 I NO VEt.:!)::r. 1972 I C-3
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TABLE C-l

CONSTRUCTION METHODS
MIDDLE FORK REFUSE BANK AND DAMS

r.

t
FEATURE

REFUSE BANK

DAM NO. 1

DAM NO. 2

W.A. WAHlER
&ASSOCIATES

SOURCE AHO REPORTED (DR INFERR~D) CDHSTRUCTIDH METHOD

CC~MISSION REPORT: TRUCK DUMPI~G

U.S. CONGRESS. 1912a: NOT SPECIFICALLY MENTIONED
DAVIES. \967: TRUCK DUMPING
DAVIES AND OTHERS. 1972: TRUCK DUMPING
PARK AND OTHERS. 1972: DUMPING
TASK FORCE PRELIMINARY REPORT 1972: TRUCK DUMPING
WALKER. 1972: TRUCK DUMPING SPREAD INTO 20-FOOT LIFTS

COMMISSION REPORT: NO DETAILS GIVEN
U.S. CONGRESS. 1972a: NOT SPECIFICALLY COVERED. QUOTES

PARK AND OTHERS (1972).
DAVIES. 1966: TRUCK DUMPING
DAVIES AND OTHERS. \972: TRUCK DUMPING
PARK AND OTHERS. 1972: "WAS CONSTRUCTED 8Y PLACING COAL

REFUSE PARTIALLY ACROSS THE VALLEY ~T A POINT UPSTREAM
FROM THE THEN EXISTING REFUSE PILE. THIS REFUSE WAS
APPARENTLY PLACED ON FIRM GROUND."

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

WALKER. 1972: " •••BUILT BY END DUMPING FROM THE VALLEY
SIDES IN ABOUT 20-FOOT LIFTS. i

• (THIS DESCRIPTION MAY
REFER MORE TO DAMS 2 AND 3 THAN TO DAM NO. I.)

COMMISSION REPORT: "DAM NO.2 ••• WAS CONSTRUCTED BY
DUMPING REFUSE ACROSS THE WIDTH OF THE HOLLOW ON THE
DEPOSITS REMAINING IN THE RESERYOIR BEHIND DAM NO. I."

U.S. CONGRESS. 1972a: " ... CONSTRUCTED BY DUMPING REFUSE
INTO AREAS OF IMPOUNDMENT WATER AND/OR PARTIALLY
SETTLED CO,~L WASHINGS."

DAVIES. \966: TRUCK Dlj»PING
DAVIES AND OTHERS. 1972: TRUCK DUMPING
PARK AND OTHERS. 1972: "THE... DAM••• (WAS) CONSTRUCTED

BY HAULING REFUSE BY TRUCIL .. AND DUMPING IT INTO AN
AREA W11ICH CONTAINED S!LT AND WATER IMPOUNDED EARLIER. II

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

WALKER. 1972: "BUILT BY END DUIIPING FROM THE VAUEY SIDES
IN ABOUT 20-FDOT L1FTS. 1I

- ~- I

.-1'

TABLE H
Sheet I of 3
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TABLE C-l -CONTINUEO

CONSTRUCTION METHOOS
MIDDLE FORK REFUSE BANK AND DAM S

t

FEATURE

DAM NO. 3

W.A. WAHLER
&ASSOCIATES

SOURCE AHO REPORTED (DR INFERRED) CONSTRUCTION METHOD

COMMISSION REPORT: II DAM NO.3 WAS ~ONSTRU~TEO BY ENO
DUMPING COAL WASTE FROM TRU~KS IN CLOSELY SPACED PILES
FROM 4 TO 7 FEET HIGH AND THEN GRADED IN LAYERS 2 TO 4
FEET THICK. THE DUMPING WAS CARRIED ACROSS THE VALLEY
FROM THE RIGHT ABUTMENT ON THE NO.5 MINE ROAD TOWARD
THE LEfT ABUTMENT... THE DUMPING ~AS DONE IN THE FORM
OF A SINGLE LIFT (LEVEL OF MATERIAL) WHICH RANGED UP
TO 60 FEET THICK_ ONCE THE DAM HAD BEEN COMPLETED
ACROSS THE VAlLEY. DUMPING WAS MAINLY ACROSS THE BACK
SIDE Of THE DAM WHICH STEADILY GREW UPSTREAM."

U. S. CONGRESS. 1972a: IIAFTER THE EMBANKMENT FOR NO. 3
WAS COMPLETED ACROSS THE VALLEY BY DUMPING OVER THE
END OF THE fiLL. ADDITIONAL REFUSE WAS PLACED BY
TRUCKS DUMPING OYER THE EDGE OF THE EMBANKMENT INTO THE
IMPOUNDMENT OR ON TOP OF THE FilL. FOR THE lATTER,
LEVELLING BY AOOZER AND BACKORAGGING Of THE BLADE.
TOGETHER WITH THE HAULING TRAFFIC, ~AS THE ONLY CO~

PACTION THE REfUSE RECIEVED."
DAVIES. i966: (OAH NO.3 NOT BUILT)
DAVIES AND OTHERS. 1972; "IN CONSTRUCTING OAIJ HO, 3. THE COAL

WASTE WAS OUMPEO FROH TRUCKS IN CLOSELY SPACED PILES FROM
4 TO 7 FEET HIGH AND THEN GRADED IH LAYERS 2 TO 4 FEET THICK,
THE DUt~PING ~AS CARR IEO AC:lOSS THE OAr:! IN THE FOltM OF "LIfTS"
ON SUCCESSIVE LEVELS DF f:lATERIAL 10 TO 20 FEET THICK. ONCE
THE DA9 ~AS CLOSEJ. DU~PING ~AS ~AINLY ACROSS THE BACK SIDE
OF THE DAM. ~HICH STEADILY GREW UPSTREAM. TREES IN THE PATH
OF THE DAI.! CONSTAUCTIO~ I~EnE tjOT RE~OVED BUT \'ERE COVERED BY
DUMPING. THE POOL AREA ALSO ~AS NOT CLEARED Of VEGETATIO~.

THE SLUDGE ON \~HICH THE WASTE ~AS DUt.1PEJ \VAS ONLY PARTIALLY
DISPLACED AIJD 11UCf: OF IT FO~MED THE FOUNDATION OF THE OAMS."

PARK AllO OTHERS. 1972' "THE .. DAM... (WAS) CONSTRUCTED BY HAUL
ING REFUSE BY TRUCK. AND DUMPING IT INTO AN AREA ~HICH CON
TAli/ED SI LT AND I:~ATER IHPOt:tlDED EARLl ER .. RECENTLY . PLAC ING OF
THE REFUSE WAS nONE 3Y TRUCKS DU~PING EiTHER OVER THE ENDS OF
TH E DAM Aim INT 0 THE WPOUNDMEllTS f/HEN POSS IBlE. OR BY DUMP
ING THE LOADS ON THE TOP OF THE OAU FOR SPREADING. ~HEN lOADS
~ERE OUHPED OH TOP. THIS MATE~iAL HAD TO BE LEVELED PERIOD
ICALLY TO PRE~ENT 3LOCKING THE ~CCESS rOR TRUCKS. THIS WAS
DONE BY GRA~ING THE ~ATERIAL ~ITH A BULLDOZER AND THEN "BACK
BLADIHG" OR SCRAPING HIE t.1AITRIAll'lITH THE BACK OF THE BULL
DOZER BLADE ~HllE OPERATING IN ARE~ERSE DIRECTION. THIS
PROV I ilED A LEVEL SURFACE FOR ilAULAGE. COMPACT I ON \fAS DONE
ONLY BY THE ~EiGHT OF THE BULLDOZER AND TRUCKS AS THEY HOVED
ACROSS THE t.1ATERI AL. II

TABLE C-l
Sheet 2 of 3
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TABLE C-l -CONTINUED

CONSTRUCTION METHODS

MIDDLE FORK REFUSE BANK AND DAMS

_··.._1

-
y

.~"

;
'.

;

....-

FEATURE

DAM NO. 3
(CONTINUED)

DAM NO. 4

W.A. WAHLER
&ASSOCIATES

SOURCE AND REPORTED (OR INFERRED) CONSTRUCTION METHOD

TASK FORCE PRELI~INARY REPORT. 1972: ~UDTES PARK AND
OTHERS (1972). (SEE ABOVE).

WALKER, 1972: II•.. BUILT BY END DUMPING FROM THE VALLEY
SIDES IN ABOUT 21l-FOOT LIFI.S. 1I

COMMISSION REPORT: IIDAM NO.4 WAS CONSTRUCTED IN \969
AND IS STILL IN PLACE .•• CDNSTRUCTED MAINLY OF SHALE
AND COAL WASTE. II

U.S. CONGRESS. 1972a: DAM NO.4 MENTIONED ONLY AS
IISTI LL IN PLACE. II

OAVIES. 1966: (OAM NO.4 NOT BUilT)
DAVIES AND OTHERS. 1972: II ••• CDNSTRUCTED MAINLY OF

SHALE WITH COAL WAST E.•• II
PARK AND OTHERS. 1972= (DAM NO.4 NOT MENTIONED)
TASK FORCE PRELIMINARY REPORT. 1972: (DAM NO.4 NOT

MENTIONED) .
WALKER. 1972: MENTIONS IIF:JURTH BARR I ER II; DOES NOT

GIVE ANY CONSTRUCTION DATA •

1.71.

TABLE C-I
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TABLE C-2

DAILY lEATHER CONDITIONS JANUARY 1972
(WEST VIRGINIA)

[IITII DENOTES TRACE OF PRECIPITATION. TEMPERATURES SHOWN ARE DEGREES FAHRENHEIT.

PRECIPITATION SHOWN IS IN INCHES.]

,
-,
'.

lOGAN MADI SON PINEVILLE

OATE
MAX. MIN. PREe IP.

MAX. MIN. PRECIP.
IIAX. MIN. PRECIP.

TEMP. TEIIP. TEMP. TEliP. TEMP. TEMP.

I 44 23 ---- 42 22 ---- 43 21 ----
2 50 24 0.80 50 23 0.58 52 22 I. DB

3 50 29 0.19 50 28 0.19 47 28 0.06

4 55 30 0.23 46 28 0.24 53 27 0.42

5 49 33 1.30 50 3D I. 07 47 32 1.22

6 34 24 T 32 2\ 0.03 33 20 ----
7 35 21 ---- 34 20 ---- 34 17 ----
a 44 20 ---- 42 20 ---- 42 17 ----
9 49 21 ---- 47 20 ---- 47 ~I -- ... -

10 50 41 0.61 55 40 0.53 40 32 0.53
11 50 44 0.04 61 45 0.10 54 39 ----
12 53 31 0.22 50 28 0.15 60 30 ----

13 62 31 ---- 56 30 ---- 61 30 ----
14 72 29 0.35 71 28 0.25 57 30 0.49

15 32 17 T 35 16 ---- 31 14 0.02
16 19 -5 ---- 23 -8 ---- 20 -7 T
17 15 2 ---- IS -7 ---- 12 -7 ----
18 44 II ---- 40 12 ---- 40 5 ----

19 59 17 0.10 53 18 0.08 50 13 0.05
20 48 39 0.05 52 38 iUS 42 34 0.10
21 57 40 0.65 58 40 0.39 46 36 I. 37

22 51 45 0.02 48 41 T 59 38 0.06
23 67 43 il. 04 65 40 0.03 63 42 0.04
24 58 46 0.30 62 46 0.34 57 43 0.03

25 76 41 0.33 72 38 0.29 72 38 0.24

26 43 19 ---- 40 17 ---- 41 IS ----
27 50 19 ---- 45 17 ---- 48 18 ----
28 42 26 0.85 37 23 0.60 46 1S I. 00

29 39 26 T 37 23 ---- 42 26 T
30 35 26 ---- 38 23 ---- 46 26 ----

31 35 20 ---- 34 20 T 34 21 T

W.A. WAHHA
&ASSOCIATES TABLE C-2

Sheet 1 of 2
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TABLE C-2 --CONTINUED

DAilY lEATHER CONDITICNS FEBRUARY 1972
(WEST YIRGINIA)

[IIT" DENOTES TRACE OF PRECIPITATION. TEMPERATURES SHO"N ARE DEGREES FAHRENHEIT.

PRECIPITATION SHOIN IS IN INCHES.]

LOGAN MAO ISON PINEVI LLE

DATE
MIN. !lAX. MIN.MAX. MIN.

PRECIP.
MAl.

PRECIP. PRECIP.
TEMP. TEMP. TEMP. TEMP. TEMP. TEMP.

I 39 18 ---- 37 17 ---- 36 17 ----
2 42 18 ---- 42 17 ---- 43 18 T

3 55 31 0.06 54 29 0.04 45 29 0.12
4 45 18 0.52 44 17 0.42 42 15 0.29
5 22 11 ---- 22 10 T 21 11 ----
6 35 11 ---- 33 II ---- 31 12 ----
7 39 27 0.32 40 24 0.22 35 24 0.32
B 29 10 T 25 7 T 29 3 ----
9 32 12 ---- 3D 7 ---- 29 4 0.30

10 37 24 ---- 34 17 ---- 37 I 16 ----
11 45 23 ---- 41 1B ---- 41 10 ----
12 57 12 ---- 51 23 ---- 52 20 ----
13 40 28 0.92 59 25 0.81 5B 24 0.7B
14 57 30 0.29 40 32 0.26 36 31 0.34
15 45 32 ---- 53 32 ---- 53 23 ----
16 49 28 ---- 54 25 ---- 45 27 ----

17 50 25 0.06 47 26 0.09 46 26 0.18
18 43 31 0.10 40 31 0.10 41 32 0.70
19 41 24 0.34 42 23 0.30 41 22 0.22
20 28 19 0.04 27 16 0.10 25 15 0.14
21 36 18 ---- 33 16 ---- 29 9 ----
22 55 18 0.14 56 18 0.16 49 9 0.15
23 45 28 ---- 42 22 ---- 42 25 ----
24 49 21 1.41 51 24 1.27 47 26 1.33
25 * * 0.41 53 39 0.52 49 40 0.86
26 6B 40 J.90 65 40 I. B7 5B 41 l. 54
21 50 29 0.05 46 28 O.OB 55 25 0~03

28 57 28 ---- 57 28 ---- 56 28 ----
29 71 31 ---- 69 36 ---- 65 29 ----

* NOT REPORTEO.

ORIGINAL SlIURCE: CLIMATOLOGICAL DATA. WEST VIRGINIA
VDL. 80.I/OS. 1 ANO 2. JANUARY AND FEBRUARY. 1972
U.S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
ENVIROMENTAL DATA SERVICE.

W.A. WAHLER
&ASSO~IATES

.. ,. ll'"'' ..... ' -~'_."_.._~ .. --.

HBLE e-2
Sheet 2 of 2



•

" ., ....- ... --' - -

------ ._....• _---.-------_ .._---_ .
-'

TABLE £:-3

SUMMARY

lEATHER CONDITIONS JANUARY 1 - FEBRUARY 29,1972

[PRECIPITATION AND SNOW LEVEL RECORDS ARE GIVEN IN INCHES]

DESCRIPTION LOGAN HAOISON PINEVILLE

JANUARY (1-31)

AVERAGE MAXIMUM TEMPERATURE 47.6 46.5 45.B
AVERAGE MINIMUM TEMPERATURE 26.9 25.2 24.0
AVERAGE DAILY TEMPERATURE 37.3 35.9 34.9
PRECIPITATION, TOTAL 6.08 4.96 6.55
PRECIPITATION. NORMAL 3.76 (I) (1)
SNOW. TOTAL ..... - ... - I. 00 0.50

FEBRUARY (1-29)

AVERAGE MAXIMUM TEMPERATURE 45.0 44.4 43. J

AVERAGE MINIMUM TEMPERATURE 23.7 22.7 21.1
AVERAGE DAILY TEMPEnATURE 34.4 33.6 32.1
PRECIPITATION. TOTAL 6.56 6.26 7. 30
PRECIPITATION. NORMAL 3.50 (I) (I)

SNOW. TOTAL 2.50 3.20 10.60

FEBRUARY (11-25'

~VERAGE HAXIMUH TEHPEnATURE 45.7 .. 45.9 43.7
AVERAGE MINIMUM TEMPERATURE 24.5 .. 23.3 22.6
AVERAGE DAILY TE~PERATUr.E 35.1 .. 34.6 33.2
PREC IPITATI ON. TOTAL 3.51 3.43 4.70
DAYS WITH MEASURABLE RAIN 9 9 9

FEBRUARY (24-25)

AVERAGE MAXIMUM TEMPERATURE 49.0 .. 52.0 4B.0
AVERAGE MINIMUM TEHPERATURE 27.0 .. 31.5 33.0
AVERAGE DAILY TEMPERATURE 3B.0 .. 41.8 40.5
PRECIPITATION. TOTAL 1. B2 I. 79 2. J9

FEBRUARY (24-26)

PP.EC IPITAT ION. Tl!TAL 1. 82 1.79 2.19

"FEBRUARY 25 TEMPERATURE DATA ~ISSING AT LOGAN COUNTY.

(1) ~OT DETER~INED

.~

W. A. WAHHR
& ASSO~IATES

TABLE G-3
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TABLE C-4

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

DAY NAME REFERENCE • OBSERVATION LISTED INDATE TIME TEST UIONY

TUESDAY 2122172 EARLY MORN ING DANIEL S. VOL. III, p.4D DROVE ON IMPOUNDMENT.
OASOYICH WATER SEVERAL FEET

BELOW 24 INCH PIPE
TUESDAY 2/22/72 MORNING EARL G. REEDY VOL. VII, p.165 NONE

WEDNESDAY 2123/72 MORNING EARL G. REEDY YOL. YII, p.165 NONE

WEDNESDAY 2/23/72 MORNING MARIO YARASSI YOLo III, p.184 NONE

THURSDAY 2/24/72 MORNING EARL G. REEDY VOL. VII, p.169 DAM LOOKED OKAY TO HI~

THURSDAY 2/24/72 MORNINB MAR I0 VARASS I YOL. III. p.184 NONE

THURSDAY 2/24/72 AFTERNOON DANIEL S. YOL. III, p.41 WATER COMING THROUGH
DASOVICH 24 INCH PIPE.

THURSDAY 2/24/72 4:00 P.M. J;'CK KENT .VOL. I, p.129 PLACtD MEASURING STICK
I IN DAM NEAR DRAIN
I PIPE.

THURSDAY 2/24/72 -- - BEN TUnOR YOL. I II. p. 135 NONE
THURSDA Y 2124/72 PERIODICALLY !JACK·KENT fOL. I, p.128 WATER RAISED AN INCH

UNTIL 11:30 P.M.! PER HOUR.
FRIDAY 2/25/72 EARLV MORNING IDANIEL S. VOL. I, p.126 WATER LEVEL AFEW INCHES

DASOVICH BELOW TOP OF DRAIN PIPE.
FR IDAY 2125/72 4: 00 P,M. JACI!i KENT VOL. I, p.128 LEVEL HAD RISEli i6 INCHES I

IN 36 HOURS.
FRIDAY 2/25/72 5;30 P.M. BEN TUDOR VOL. III. p.135 INSPECTED WATER LEVEL
FRIDAY 2/25/72 8: 00 P.M. JACK KENT VOL. I. p.133 WATER LEVEL HAD BEEN

CHECKED BY ~R. KENT AT
R~GULAR INTERVALS BETWEEN
4:00 P.M. AND 9:00 P.M.

FRIDAY 2125/72 9;00 P.M. ELMER ELSWICK-YOL. I. p.133 NONE
FRI!lAY 2/25/72 10;00-11: 00 P.M. EDGAR PIERSON VOL. II, p. 84 SAW CRACK SIX T9 EI5HT

INCHES WIDE NEAR RIGHT
OF DAM, EXTENDING THREE
QUARTERS DF WAY ACROSS.
WATER WAS TEN TO FIF-
TEEN INrHES FROM CREST.
NO PIPES IN DAM. CREST
WAS SOFT. SOME BLACK.
WATER SEEPING INTO POOL
2 AT TOE OF DAM NO.3.

-REFERENCES GIVING VOLUME NUMBERS REFER TO THE HEARING TRANSCRIPT DF THE AD HOC COMMISSION REPORT.
REFERENCES GIVING APPENDI:ES REFER TO THE HEARINGS BEFORE THE SUBCOM~ITTEE ON llBOR, U.S. CONGRESS. 1972B.

:s.

...

/-.
"

W.A. WAHLER
&ASSOCIATES
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TABLE C-4 - CONTINUED

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

* REFERENCES GIVING VOLU~E NUMBERS REFER TO THE HEARING TRANSCRIPT OF THE AD HOC COHMISSION REPORT
REFERENCES GIVING APPENDICES REFER TO THE HEARINGS BEFORE THE SUBCOMMITTEE ON LABOR U.S. CONGRESS 1972B.

W. A. WAHLER ~ >-'6 . . TABLE C-4
&ASSOCIATES :L !:' Sheet 2 of 4

DAY DATE TIME NAME REFERENCE- OBSERVATION LISTED IN
TESTIMONY

FRIDAY 2125/72 10:00-11:00 P.M. MR. CHANDLER YDL. II. p. 85 ---
(ACCDMPA NIED
EDGAR PI ER-
SON)

SATURDH 2/26/72 12:30 A.M. DENNY GI8S0N. YO L. I. p. 192 ALL THREE YISITEO THE DA~

JACK KENT. SITES. OBSERYED ASLIDE
AND HARYEY IN THE RIGHT SIDE OF THE
PIERSON YALLEY BETWEEN DAMS 1

AND 2 WHICH WAS DIYERT-
ING WATER INTO POOL 1.

SATURDAY 2/26/72 2:00 A.M. • .RYEY PI,ERSON. YOLo II. p.71 SAW NO PIPES ON DAM

SATURDAY 2/26/72 3:30 A.M. JACK KENT YOLo I. p.134 WATER LEYEL RISE INCREASED
TO TWO INCHES AN HOUR.

SATURDAY 2/26/72 4:00 A.M. KENNETH YOLo I. p.134 DIDN'T SEE ANY PIPE
OSBORNE

SATURO~Y 2/26/72 4:30 A.M. JACK KENT VOL. I. p.134 WATER LEYEL HAD RISEN THREE
INCHES IN AN HOUR.

SATURDAY 2/26/72 4:30 A.M. DENNY GIBSON YOLo II. p.71 MESSRS. KENT AND GIBSON
REMOVED ATIRE FRD~ ONE
OF THE DRAINPIPES ON DAM
NO.1.

SATURDAY 2/26172 4:30 A.M. HARVEY PIERSON YO L. II. p. 71 SURFACE OF DAM NO. 3 WAS
SOFT. SA" NO PIPES ON
TOP OF DAM. SAW NO
WORKMEN AT DAM.

SATURDAY 2/26/12 6:00 A.M. DENNY GIBSON VOL. YIII, p.l13 SAW PIPES ON DAM

SATURDAY 2/26/72 6:00 A.M. KENNETH YOLo II. pp.23, lWO SECTIONS OF 24 INCH
OSBORNE 34, 35. 36 AND CORRUGATED STEEL PIPE

44. LAID END TO END TO FORM
40 r 0 60 FOOT SECT! ON ON
CREST Of DAM. PART OF
PIPE TOWARDS REAR OF DAM
PARTLY BURIED. SMALL FLOW
OF WATER OUT OF PIPE. SAW
CRACK 10 FEET WIDE,30 FEE
LONG. ON LEFT FRONT OF
DAM. WALKED ON DA~. FELT
NO MOY EllENT .

. ~. orE'
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TABLE C-4 - CONTINUED

CHRONOLOGICAL LI$TING OF VISITS TO REFUSE OAM NO.3
PRIOR TO FAILURE

DAY DATE TIllE NAIIE REFERENCE • OBSERVATION LISTED IN
TESTIMONY

SATURDAY 2/26/72 6:30 A.M. DANIEL S. YOLo III, p.12 WATER COMING THROUGH OYER-
DAsaVICH FLOW PI PE. DAM LOOKED

STABLE. COULD HAVE
DRIVEN ACROSS DAM.
CRACKS IN LEFT FRONT
FACE OF DAM. CONTEMP-
LATED ANOTHER PIPE ON
DAM.

SATURDAY 2/26/72 6:30 A.M. JACK KENT VO L. III, p. 12 WATER ONE FOOT FROM TOP
OF COMPACTED DA~. 24
INCH PIPE IN DAM NO.3
ABOUT 4 FEET FROM CREST
RUNNING HALF FULL.

I
CREST FIRM. WAL!'iEO
COMPLETELY ACROSS DAM.

SATURDAY 2/26/7 2 6:30 A.M. ~ALDON MULLINS VOL. III. p.195 WALKED ON DAM, NOT SOGGY.
WATER LEVEL 4 TO 6 FEET
BELOW COMPACTED DAM.

I

SATURDAY 2/26/72 6: 30 A.M. ~ALDON MULLINSi-F:NDIX A. WATER COMING OliT OF ORA IN
, ~. 1287 PI PE.

SATURDAY 2/26/72 6:30 A.M. MELYIN DUBA tOL. III. p.2DI NONE

SATURDAY 2/26/72 6:45 A.M. BEN TUDOR APPENDIX A. IIDAM HOLD ING ITS OWN"
p.30B

SATURDAY 2/26/72 7:00 A.M. BEN TUDOR VOL. III. WATER LEVEL 8 FEET BELOW
p.152. 153 COMPACTED 0AM. SURFACE

FIR~. NO CRACKS.

SATURDAY 2/26/72 7:00-7:30 A.M, MASON VOL. II. p.177 WATER HAD NOT REACHED TOP
···BLANKENSH Ip. OF DAM.

JR.

SATURDAY 2/26/72 7: 15 A.M. LEONARD LANKA ~ VOL. II. p.15! WATER AT CREST ON LOW SIDE.
TRASH BAGS CIRCLING LIKE
AWHIRLPOOL ON RIGHT
HAND SIDE OF POOL BEHIND
DAM.

SATURDAY 2/26/72 7:30 A.M. BEN TUDOR VOL. III. p.l53 NO DIFFERENCE IN LEVEL
FROM 7:00 A.M.

• REFERENCES GIVING VOLUME NU~BERS REFER TO THE HEARIN~ iRANS&RIPT OF THE AD HDC CD~MISSION REPORT.
REFERENCES GIVING APPENDICES REFER TO THE HEAIU~SS B<FDRE Y-HE SI1BCOMMITTEE ON LABOR. U.S. CONGRESS. 1972B.

11

_ ,:,' ._,'

W.A. WAHLER
&ASSOCIAHS
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TABLE C-4 - CONTINUED

CHRONOLOGICAL LISTING OF VISITS TO REFUSE DAM NO.3
PRIO R TO FAILURE

DAY DATE TIllE NAME REFERENCE .. OBSERVATION LISTED iN
TESTIMONY

SATURDAY 2126/72 7:45 A.M. WAYNE GDDDMAN VOL. III, ;;.232 SURFACE WET BUT FIRM.
WATER 6 TO 8 FEET
BELOW. OVERFLOW
PIPES FLOWING.

SATURDAY 2/26172 7: 50 A. M. DENNY GIBSON VOL. I, p.193 SAW LARGE CRACKS AND
SLUMPS ON DOWNSTREAM
FACE OF DAM NO. 3 NEAR
CENTER. ABOUT 20 FEET
SLUMPED INTO POOL 2•
TOP OF DAM NO. 3 SOFT
ANU SOGGY. WATER "DOl-
ING" THROUGH LOOSE RE-
FUSE. MR. KENT'S MEAS-
URING STICK SUBMERGED.

SATURDAY 2126/12 B: 10 A.M. WI LLI AM PEYTON VOL. IV, SA' 75-100 FEET OF RIG~T

pp.226-231 SIDE OF DAM HAD FAILED,
REMAINDER OF DAM SLID-
ING INTO BREACH.

• REFERENCES GIVING VOLUIIE NUMBERS REFER TO THE HEARING TRANSCRIPT OF THE AD HOC COM~ISSION REPORT.
REFERENCES GIVING APPENDICES REFER TO THE HEARINGS BEFORE THE SUBCOMlLliTEE ON LABOR. U.S. CONGRESS. 19728.

W. A. WAHLER
&ASSOCIATES
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