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CHP.PTER I

INTRODUCTION

A. GENERAL

On February 26, 1972, a coal refuse dam, owned and operated by the

Buffalo Mining Company, failed near Saunders, West Virginia. The

resulting flooding of the Buffalo Creek Valley had national ramifica

tions. The immediate consequences of the flooding were the deaths

of 118 persons and 7 reported missing, the loss of over 500 homes,

and extensive flood damage to other property in Buffalo Creek Valley.

Several investigations w~re started immediately after the disaster;

some were under government auspices, while others were initiated by

groups 01 concerned citizens. lbese investigations relied primarily

on personal observations, and eyewitness reports, although the u.S.

Army Corps of Engineers and the U.S. Geological Survey undertook

limited field and laboratory testing. These original investigations

contributed to an understanding of the Buffalo Creek Flood. The

principal contributions of this report, prepared by W. A. Wahler and

Associates of Palo Alto, California, are the presentation of a

comprehensive view of the failure with essential data integrated

from many sources, and an analysis of the failure based on a thorough

program of subsurface exploration and sampling, field and laboratory

testing, and engineering analyses.

B. AUTHORIZATION FOR INVESTIGATION

Mr. Hollis M. Dole, Assistant Secretary of the Interior, by memorandum

dated March 2, 1972, established "a joint U.S. Bureau of Mines-

WA.WAHlER
&ASSOCWIS
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Geological Survey Task Force to study and analyze hazards associated

with the disposal and storage of coal mine w,)ste materials, "

'l11e first problem listed to be undertaken by t:he Task Force was an

"Analysis of the February 26 failure at Lorado .. '..Jest Virginia." The

conununity of Lorado figured prominently in the i:1iti;~1 press coverage

of the disaster, but subsequently, as in the title of this report, rh~

failure was re ferred to as having occurred at or llear Saunders, the

community closest to the site of the failure, and the first community

to be inundated by the flood.

On Harch 12, 1972, a Task Force rep..Jrt entitled "l'relimi.nary Analysis

of the Coal Refuse Dam Failure at Saunders, West ViJ- 'inia, February

26, 1972" was published. Subsequently, the Bureau of Mines contracted

with W. A. Wm11er and Associates (Contract No. S0122084) to undertake

a study known as the "Emergency Coal Waste DL-:posal System Hazard

Study. H As part of the ...,ork unc,er the contracl:., W. A. Hahler and

Associate:;; was directed to "undertake an in-depth investigation, study

m,d evaluation of the consequences of the February 26, 1972, coal refuse

dam failure at Saund,zrs, West Virginia." W. A: Wahler and Associates

has prepared this report under that authorization.

C. PUKfJSE OF INVESTIGATION

TI1e purpose of investigating the conditions preceding the Saunders coal

refuse dam failure, the possible modes of th,: failure, and the conse

quences of the resulting flooding was primarily to provide an u;1.der

standing of ~l~t actually occurred so that the resulting data could

be applied by intereste,j parties toward properly designed coal waste

embankments. In addition, results of this study assisted in

identifying other sites ,,,here similar conditions existed, thereby con

stituting a potential threat, and in providing a basis for planning

corrective measures. It was not the purpose of this study, or of this

'1 r-~

..1.' )
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report, to assess blume or indicate liability on the part of any of

the parties involved, but rather to record the nature of the failure,

documenting it in a manner that will help improve future coal waste

disposal practices. This study represents one of the first significant

attemp t" to analyze in detail any coal was te disposal system from the

standpoint of flood hazard and embankment stability. The data generated

in this effort are basic to future studies of the hazards associated

with the disposal and storage vf coal mine waste material.

D. SCOPE OF INVESTIGATION

111(~ scope of the investigation conducted by W. A. Wahler and Associates

included the following activities:

1. Collection and review of basic information and reports

available from private and government sources regarding the

Buffalo Mining Company's mine operation and waste disposal

procedures, em1ankment construction practices, embankment

failures, and the subsequent flood.

2. Collection and review of available topog~aphic, geologic,

and hydrologic information pertinent to analysis of the

failure and its consequences.

3. Field exploration and materials sampling and testi~g at the

dam failure sites to obtain information regarding the in

place properties of the embankment and foundation materials

involved in the failure.

4. Laboratory testing to determine ::he basic index and engineering

properties of the foundation and embankment materials.

WA.WAHl[R
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5. Engineering clIlalyses, using the information produced in

steps 1 through 4, to identify the probable causes of the

embankment failures and their share of the consequences.

6. Compilation of the results in this report.

Hithin the scope of this work, we. have critically revie"'1f~u numerous

other reports which are listed in Chapter IX. Considerable effort

was expended on correlating and cross-checking many asp~cts of

the observations and opinions of the authors of these reports. He

have attempted to present our findings cO'.1cerning the failure in an

objective manner that is consistent not only with our field observa

tions and engineering analysis, but also with the major observations

of others.

E. ORGANIZATION OF REPORT

This report is presented in two volumes. 'TI1e first volume, consisting

of Chapters I through IX, contains a surrnnary and conclusions of the

investigation, drawn f~om the body of the report; pertinent information

on the Buffalo Hining Company's plant and its operation; a discussion

of the geologic and engineeri,lg characteristics of the Buffalo Creek

area; a description of coal n.:fuse placement in Middle Fork Valley

and its effects on the probable physical characteristics of [he

embankme:l,ts and foundntions; an analysis of the post failure appearance

of the site; d'discussion of the probable mode of failure of the refuse,

dams; and a discu~sion of the consequences of the resulting flood.

Pertinent tables, illustrations and references are included in this

volume. The second volume, consisting of Appendices A, B, and C,

contains basic geologic and engineering data supporting the discussions

and conclusions in volume 1. These appendices include data developed

during the field and laboratory investigations, and other supporting

information.

WA.WAHlfR
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CHAPTER II

SUMMARY AND CONCLUSIONS

This chapter presents a summary of the salient portions of W. A. Wahler

and Associates' detailed investigation of the February 26, 1972 coal

refuse dam failure near Saunders, West Virginia, and outlines the

principal conclusions which have been drawn therefrom. A better under

standing of our findinGs can be gained by reading the entire text of

this report; however, in order to make our principal findings more

readily accessible to the reader, they are presented in condensed form

below.

A. SUMMARY OF INVESTIGATION

1. Basic data were collected during the field investigation con

ducted from March through September 1972. Laboratory inves

tigations extended through November 1972. Office research

and analyses were conducted through December 1972.

2. The field investigation consisted of field mapping, aerial

photography and associated surveying for ground control,

subsurface exploration and sampling of materials by means of

60 rotary drill holes totaling 3,303 feet, 11 backhoe pits

and 2 bulldozer trenches, 14 field permeability tests, 44

field density tests, and 9 penetration and 10 vane shear

probes.

3. On the basis of all data gathered, an interpretation was made

of the prefailure configuration of the coal waste disposal

embankments and impoundments which existed on Middle Fork of

Buffalo Creek prior to February 26, 1972. It was possible

to do this to the degree necessary to perform reliab].e

engineering analyses of the modes of failure which might

have occurred. , :lS
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4. A laboratory investigation was c0nducted which included the

following tests on samples obtained during the field investi

gation from the remnants of the dams and the surrounding

area:

Type of Test Number of Tests

Natural Water Content and
Dry Density 75

Grain Size Distribution 89
Atterberg Limits 15
Specific Gravity 57
Compaction 13
Triaxial Shear 44
Permeabili ty 29
Determination of Critical

Seepage Gradient in Foundation
Sludge 1

Tests were r;onducted both in a portable field laboratory

established in Logan, West Virginia, and in our main soils

laboratory at Pa)o Alto, Califonlia. The important engineer

ing properties of the coarse cO.:ll waste embankment and

foundation sludge materials that were determined from the

laboratory investigation and used in our analyses are

summarized below:

Engineering
Property

Dry Density (pcf)
Wet Lensity (pef)
SpeciHc Gravi ty
Permeability Ratio

(Horizontal to V~rtieal)

Shear Strength ~arameters

Effective Stress

Foundation
Sludge

54
78

1.43

25 : 1 to 100: 1

C' = a
¢J' = 37

0

Embankment

90
106

1.95

1:1

c' = 500 psf
¢J' = 34°

Total Stress C = 1100 psf
¢J = 16.5°

C
lj>

700 psf
17°
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5. All known inforIIl2.tion pertinent to the site conditions and

the failure was reviewed and analyzed for data which could

help establish conditions preceding the failure, and which

mighc help in analyzing the failure itself. One of the

significnnt disclosures of this review was that, during the

construction of Dams 2 and 3, at least two different

types of foundation failures (piping and shear) occurred.

These failures ware subsequently repaired by end-dumping

of coarse coal waste into the failure areas. As a matter

of fact, each of the dams in Middle Fork Valley had a history

of minor failures p~ior to the catastrophic failure of Dam

No.3 on February 26, 1972.

6. Engineering analyses were conducted to assess the stability

of Dam No. 3 under "normal" operating and flood stage

conditions. Included in these analyses were permeability

and seepage studies and numerous determinations of factors

of safety against failure for different combinations of

embankment and foundation cross sections, materials per

meability properties, reservoir water levels, and failure

surface configurations. Both circular arc and sliding

wedge or block type failure surfaces were analyzed using

computerized methods. Results of these analyses coincide

well with and fully support the findings of the field inves

tigation and the conclusions concerning the most probable

mode of failure presented herein.

B. CONCLUSIONS REGARDING EMBANKMENT FAILURE

1. The foundation material upon which Dams 2 and 3 were con

structed consisted of relatively thick deposits of fine

grained coal sludge wastes. These materials possessed
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physical characteristics, principaLly a 1m·,' unit weight and

high susceptibility to erosion and piping, that were extremely'

detrimental to the long-term stability of these dams. The

results of laboratory testing have con finned the susceptibility

of the foundation sludge to a piping type of failure mechanism,

even when the materials ~re densified. Specialized engineering

techniques are required to safely utilize this material in

either a foundation or an embankment whenever seepage or

saturation may be involved.

Even under "nonnal" water level conditions which exis ted in

Pool 3 prior to the series of storns which preceded the failure,

a major portion of Dam No. 3 was in a precarious state of

stability. Testimony revealed that foundation boils occurred

in the Pool 3 sludge a short time after completion of Dam

No. 3 and intermittently thereafter up to the time of its

catastrophic failure. The significance of these occurrences,

which were due to excessive exit seepage gradients and pro

bably associated with piping, apparently was not recognized

by those connected with the construction and operation of

the facilities.

2. Results of our review of available infonnation aud detailed

field investigation of the sites of Dams 1, 2, and 3 confirm

that all three embankments were built by methods not in

conformance with current practices of the civil engineering

profession in the design and construction of water retention

dams. The dams were built largely by end-dumping of refuse

from trucks with grading by bulldozers to create a relatively

smooth working surface. From the data we examined, it appears

that the dams were not designed or engineered on the basis

of a thcrough knowledge of the engineering properties of

coal processing refuse. Further, the dams were not constructed
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under any system of close supervision or control. Although

the dams did receive some compaction from truck wheel loads

and bulldozer track loans, this compactive effort was not

systematically controlled or referen~ed to any standard of

performance or specific knowledge of ,he compaction charac

teristics of the coal refuse used.

3. Inadequate conveyance facilities were prOVided to carry

natural runoff safely past the embankments. 1be tacilities

that were provided were installed in a marlrlCJ: inconsistent

with generally accepted engineering practice f~r water

impounding structures. Furthermore, no adequate means were

provided for safely controlling internal seepage through

the embankm~nts and foundations.

4. A review of the climatological data indicates that the storm

of FebruaL~ 25-26, 1972, was not of a severe nature and would

be classified as j',:l',,-ing a two- or three-year probability of

recurrence. The degree or storm severity is further demon

strated by the fact that it did not cause unusually high

flows in other streams in the surrounding area. It is con

eluded, therefore, that the sudden release of the accumulated

water 'tehind the coal waste dams on the Middle Fork at

Saunders was the principal source of th2 catastrophic flooding

on Buffalo Creek.

5. Each of the dams on Middle Fork, except Dam No.4, was pro

vided with either a single or multiple-pipe spillway of 24

or 30-inch diameter. By comparing the estimated runoff into

each reser.voir with the maximum discharge capacity of the

various spillway pipes, it is concluded that Dams 1 and 2 did

not fail by overtopping prior to the failure of Darn No.3.

;:loHc:ver, it is highly probable that because of insufficient

spillway capacity, an overtopping failure of Dam No. 3 would

have occurred had the dam not failed by other means.
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6. Because of the presence of boils in the Pool 2 sludge down

stream of the toe of Dam No.3, even undel normal operating

water level conditions, it is concluded that foundation

piping was occurring, at least on a limited basis, at the

time of the catast!:ophic failure. As the rise in level of

Pool 3 occurred, the increase in foundation sEepage exit

gradient was conducive to the development of both piping and

liquefaction in the area of the downstream toe. Hmvever,

n~ith,:r rbe field investigation nor the results of our

analy:..Lcal st. udies have disclosed evidence to Ll.iicate that

one or t~c<e erosion channels had developed in the foundation

material L:) the extent necessary to cause a car. astrophi.c

collapse of a major portion of the dam embank~~nt into a

large subsurface erosion channel. It is therefore concluded

that piping, "'hile it undoubtedly occurred to some extent

in the dam foundation, was not the primary cause of the

ultimate dam collapse.

7. Compelling evidence from the field investigatj all and detailed

engineering analyses has led us to conclude that the most

probable modes of failure for Dams 1, 2, an~ 3 were as

follows:

Dam No. 3 failed prior to the breaching of both Dam No. 1

and Dam No.2, and the failure of Dam No.3, with the sudden

release of stored water, was the direct cause of the £3ilure

of the other two st-ructures. The init:Lil iailure occ"drred

in the downstream section of Dam No. 3 and consisted of ~

massive slide movement involving approximately 130,000

cubic yards of embankment material. Calculated factors of

safety for the highes~ resel~oir level at Elevation 1,753,

which probably occurred just prior to failure, indicate a
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gross instability of that portion of the dam underlain by

foundation sludge material. This condition applied to the

central 270 feet of the dam, as measured across the hollow.

The initial slide occurred in such a manner that the embank

ID:nt physically displaced Pool 2 reservoir sediments, which

were acting as a semi-viscous fluid because of the relatively

high internal pore water seepage pressures, and translated

a large block of these sediments onto the left side of Dam No.2.

Associated with the massive displac~ment of embankment

materials into Pool 2, was the initi~l overtopping of

Dams 2 and 1 by the reservoir water displaced from Pool 2.

This surging of water over the crest of Darn No.2, which had

perhaps only four feet of freeboard, most likely initiated

the breach near the right abutment.

Very soon after the initial failure, Dam No.3 continued to

fail rapidly by progressive action. Because the initial

failure undoubtedly created a relatively steep head scarp,

that portion of the embankment not involved with the initial

failure was left standing with the phreatic surface emerging

high on the exposed oversteepened face. The resulting con

dition of the embankment was very unstable and the remaining

portions of the embankment commenced to slide into the void

created by the initial failure. It is impossible to state

exactly how long this progressive failure mechanism took to

develop, but total failure probably developed in less than

15 minutes.

Once the failure had progressed upstream until only 100

to 120 feet of the embankment were left standing, as measured

from the upstream toe, the analyses show that the remaining

1I-7
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section of the embankment then failed violently, thereby

allowing the first rush of Pool 3 water to start its destruc

tive action. The initial release of water was apparently

confined, or nearly so, toward the right side of the valley

as it progressed dO\ffistream. As water flowed through the

breach of Dam No.3, embankment materials that had slumped

as a result of the progressive failure were transported into

the Pool 2 area. As the heavily laden flood waters hit Dam

No.2, its breach, started by the initial overtopping, was

probably widened and deepened. The initial flood wave then

continued downstream, overtopping and destroying th~ small

Dam No. I until the water reached the narrow portion of the

valley formed between the refuse bank and the No. 5 Mine Road.

The initial surge of this flood wave, as it hit the burning

refuse bank, caused the explosions reported by numerous

observers.

After the flood wave r.eached the refuse bank, the constric

tions in the valley cross section caused a backup of water,

and the high water lines downstream of Dam No. 3 were formed.

As water continued to flow through the initial breach of

D8~ No.3, the failure of the remaining portions of the dam

progressed toward the right and left abutments.

After developing the mode of failure described above, the

remaining Pool 3 water continued to flow through the ever

widening breach of Dam No.3. Relatively minor readjustments

of major translated blocks of sediment and embankment mater

ials probably occurred at this time, followed by the final

emptying of Pool 3.

A series of eight diagrammatic sketches depicting the failure

sequence described above is presented on Figures VII-23A

through VII-23H.
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CHAPTER III

AREA DESCRIPTION

A. GENERAL

Logan County is in the center of the southern West Virginia bituminous

coal field. Logan, the county seat, is about 70 miles southwest of

Charleston (Figure III-I). The town of Man, about 12 road miles south

east of Logan, is at the confluence of Buffalo Creek and the Guyandotte

River. Buffalo Creek Valley extends east-northeast from Man a distance

of about 15 miles. having its hC:ldwaters at the point common to Logan,

Boone, and Wyoming counties (Figure 111-2).

B. TOPOGRAPHY

Southwestern West Virginia is essentially an extensively dissected

plateau which slopes gently to the northwest.' Elevations in Logan

County range from about 600 feet at the Guyandotte River at the

boundary with Lincoln County to about 2,850 feet at the boundary

point common to Logan, Boone, and Wyoming counties. The Guyandotte

River is the major stream in the area; it flows northwesterly and

joins the Ohio River near Huntington.

Tb~ topography of southwestern West Virginia, and the Buffalo Creek area,

is characterized by rugged hills. The action of numerous small streams

has cC.lr.pletely r.ii.ssected the Appalachian Plateau and created a region

of hif~!1 ridges and sharp, V-shaped valleys. The heavily forested

valley w8.11s generally slope at about 2.0 H to 1. 0 V; a dense growth

of bushes and sm;,11 trees comprises most of the ground cover. The

surrounding hills attain a maximum elevation of 2,850 feet above sea

'.' t •
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level, and their summits are roughly concordant wj.th the old plateau

surface. Total relief from valley floors to ridge crests is on the

order of 1,000 to 1,300 feet. There is very little level or gently

sloping upland topography, and valley floors are, in general, very

narrow with minor alluvial terrace development. Indeed, flat land

of any kind is scarce throughout the region. The major stream pro

files along valley floors are surprisingly smooth considering the

rugged topography. Waterfalls or other disruptions in the gradients

of larger streams are uncommon.

As shown on the Lorado and Amherstdale 7~-minute u. S. Geological Survey

quadrangles, the flood plain of Buffalo Creek averages 400 feet in width.

In places, it is considerably narrower, and rarely does it eXCeed 500

feet in width. Buffalo Creek has a rather sinuous course as it flows

southwesterly, probably because this direction of flow is approximately

at a right angle to the regional dip of the bedro~k. This represents

the "hard way" for the creek to develop) and as a consequence, Buffalo

Creek makes many swings around natural obstacles in its way. An indE'x

to the degree of sinuositj in its course is tlle fact that Buffalo

Creek flows 17 stream miles from Saunders to Man, a straight-line

distance of only 12 miles. The elevation dt Saunders is about 1,500

feet; at Man it is 700 feet. Buffalo Creek drops 300 feet in the

first four miles from Saunders toward Man.

C. GEOLOGY

Despi te the rugged terrain of the surrounding hills, the regional

geology of the area is quite simple. TIle site is underlain by the

sandstones, snales, and coal seams of the Kanawha Series (Figures III-3A,

B, and C), described by Rennan and others (1914)*; the beds dip to the

* References are listed alphabetically by author in Chapter IX.
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northwest at 50 to 150 feet per mile. Although local flexures can be

found with somewhat higher dips, for all practical purposes the bedrock

strata can be consid~red nearly horizontal in the MidGle Fork area.

Most of the measured bedrock dips recorded on the geologic maps are

considerably steeper than 150 feet per mile (or about 1°38'). l~e

steeper dips represent measurements on cro~s bedding or small local

flexures. Scattered minor faults can be observed in highway cuts through

out the area. Displacement usually amounts to a few feet vertically;

rarely does it exceed 20 to 30 feet. Joines in the bedrock are steeply

dipping to vertical, and strike about N4SoW and N350E; other minor and

random orientations are also present. Middle Fork hollow has developed

along the major N4S
oW fracture system.

These rocks were deposited in shallow seas and swamps during the

Pennsylvanian Period. The rhythmic sequenc:e of non-marine sands tone,

shale, and coal followed by marine shale (or occasionally limestone)

is repeated throughout the rock series. These cyclothems reflect the

recurrent transgression and regression of shallow inland seas.

In the Hiddle Fork area, sandstone is the dominant rock type in the

Kanawha Series. It is generally well indurated, fine-to medium-grained,

arkosic, well sorted, sub rounded, and micaceous. The light gray beds

weather to a buff color. They are Lhick, massive, and exhibit local

cross-bedding. The silty shale interbeds are light to dark gray,

thinly laminated, often carbonaceous, and fossiliferous. Coal seams

are generally less than 4 feet thick, but the shale and sandstone units

are up to 50 feet thick. Coal seams which crop out in the map area

have been tentatively identified as the Lower Chilton coal at about

Elevation 1,770 above the right abutment of Dam No.3, and the Little

Chilton at about Elevation 1,678 downstream of the right abutment cf

Dam No.2 (Figure I11-3B). The n~jor units tend to be continuous

over distances of thousands of feet, or even many miles. 1be local strati

graphic column at Dam No. 3 is shown on Figure 111-4. Typical outcrops
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of sandstone and shale are shown on Figure 111-5. (The 10cation3 of all

photographs in this report are shown on Figure A-I in Api'endiy. A).

Soil cover is generally quite thin throughout the axe-a. Latimer (1915)

in his 1914 soil survey of Logan County, gives d(:taile-i descriptions

of regional soil type:s and their general topogcaphic distributions.

The soil cover beneath and around Dams 1, 2, 3 aT).j 4 in Middle Fork

Valley is less than 3 to 5 feet thick and fits ·Latimer's Dekalb

stoney silt loam classification. This soil is a yellowish to grayiah

brown, friable silt loam which grade:-; into a silty clay loam T.JiLt.

depth. Variable amounts of sand ;And rC'ck fragments are always present

depending on adj acent bedrock arid slope conditions.

D. HYDROLOGY

The major stream in the area is th0 Guyandotte Blver, which flows

nOlthwesterly past Han and Logan. It discharges into the Ohio River.

near Huntjngton. Hithin Logan County, Buffalo Creek, with a drainage

area of nearly 45 square miles, is one of the larger tributaries to

the Guyandotte. Middle Fork enters Buffalo Creek at the former site

of Saunders, about 12 ndles (straight line) and 17 stream miles up

stream from the confluence of Buffalo Creek and the Guyandotte at

Man. ThE· total drainage area of Middle Fork is 745 acres; the area

above Dam No. 3 is 654 acres.

Conflned between steep valley walls, the narrow (400-foct wide) flood

pla~n of Buffalo Creek offers little opportunity to build structures

above the level of the 50-year flood. The West Virginia Ad Hoc

Commission Report>" describes factors contributin(; '..0 flo"Jd susceptibility

as follows:

----_.._--
*The report of the West Virginia Ad Hoc Commi.ssion of Inquiry into

the Buffalo Creek Flood, entitled "The Buffalo Creek Flood and Disaster,"
is referred to hereafter as the "Commission Report" for convenience.

'~ ",wo' t
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The steepne:::s of the valley walls and the thinness of the soil
cover contribute to the flood flows in Buffalo Creek Valley, and
these sallie conditions persist in virtually all other hollows or
v31leys south of the Kanawha River. Instead of thick soils that
could absorb some of the precipitation runoff, soils on the
uplands and valley walls in this entire region are thin, generally
less than 3 feet thick and seldom as much as 5 feet thick.
Additionally, soils in the region tend to a composition of low
permeability and ere dominantly a clay-Jike, silty sand with
large quantities of stone varying from small chips to boulders
a foot or so long. They are commonly underlain by clay layers
up to an inch thick between the base of the soil zone and the
underlying bedrock.

Thus, all of these factors--the tortuosity of the channel, the
narrowness of the flood plain, the steepness and height of the
valley's walls, and the thinness and relative i.mpermeability of
the soil--combine to make Buffalo Creek a hollow susceptible to
damage from flooding . . .

Strip mines in the valley also tend to increase runoff by removing

vegetation and soil; however, the quantitative influence on runoff is

difficult to determine precisely.
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CHAPTER IV

MINE AND PLANT DESCRIPTION AND OPERATION

A. GENERAL

Coal mining operations in the United States can be classified according

to three general operating categories: dtep mines, strip mines, and

auger mines. In a deep mine, the mining phase does not intentionally

disturb the original ground surface. The terms deep, underground, and

drift are generally used interchangeably. An area strip mine requires

that the surface overburden be removed in order to expose the coal

seam. In addition, area stripping involves placing the soil and rock

overburden from each successive cut into the previous mining cut after

the coal has been removed, and generally covers large areas of rela-

tivel;; flat land. An auger mine consists of a two-phase operation in

hilly terrain in which a seam of coal is first exposed by a sidehill

cut, or contour stripping, thus allowing removal of the coal by hori

zontal augering without further disturbance of the original ground

surface.

In the Buffalo Cyeek area, natural erosion processes have left blocks

of coal perched under hilltops and exposed on at least one edge. Some

of these remnant blocks contain relatively small tonnages, and cannot

economical}~ support the capital investment required to initiate and

sustain an underground mining operation. However, their location makes

them amenable to auger mining, since the contour stripping required to

expose the coal along a hillside bench involves moving rather small

amounts of soil and rock. In West Virginia, the development of an

auger bench is referred to as a "strip job," even though this t.=rm

is ordinarily used elsewhere to denote area stripping operations. With

larger blocks of coal, the material on the hillside perimeter may be re

moved by the economical auger method up to the maximum horizontal distance

"l'~
"-r (
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possible, and the remaining coal mined by underground methods. The

contour strip cut, since much of the original ground material has been

displaced downward, is usually not fuli.y res tored. Rather, the ex-
....

posed coal face is covered, and the auger bench graded and seeded.

B. BUFF,UO MINING COMPANY

The original mining activity by the Lorado Coal Mining Company in the

Middle Fork area began in 1945 with the ope~ing of the No. 5 mine.

In 1947, the No. 5 coal preparation plant, located on Buffalo Creek about

one-half mile above the Middle Fork confluence, was placed in operation

and the first coal waste was dumped ne2r the mouth of the Middle Fork

Valley. The initi'"l dumping rate was 800 to 1 ,000 tons per day, and

dumping continued at about this same rate, except for periods when

the mines were shut down, for the next 25 years.

In November 1963, the Lorado Coal Mining Company ceased operations at

both the No. 5 mine and the No.5 coal preparation plant. The operations

remained inactive until October 1964 when the Buffalo Mining Company

resumed operation of the mine and preparation plant. In June 1970,

the Pittston Company acquired the 'Buffalo Mining Company properties,

and continues to control the operations at the present time.

The total feed of 5,000 tons per day to th£ No.5 coal preparation plant

was mined by the Buffalo Mining Company from its awn mines in the

vicinity of Middle Fork Valley.

In February of 1972, Buffalo Mining Company had developed eight mines

in the area: five underground mines, two auger mines, and a "strip"

mir:e. The underground equipment con.sisted of Joy loaders and shuttle

cars for the operation of the room-<~nd-pillar drift mines. Details for

each of the mines are given in Table IV-I.
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TABLE IV-I

BUFFALO MINING COMP~~

No. 5 COAJ~ PLANT OPERATIONS

Potential Coal Seam
Production Common

Mine Name Tons Per Day Employees Name Height (inches)

No. 5 580 40 Chilton 42

No. 5A 1500 90 Chilton 46

No. 8B 1500 91 Chilton 60

No. 8C 800 38 Chilton 96

No. B!2 250 14 Dorothy 38

Strip Job 500 26 Stockton
,t

8L.\
No. 1 Auger 200 3 Str,ckton 28

No. 2 Auger 500 4 Stockton 28

C. NO. 5 MINE COAL PREPARATTON PLANT

In February 1972, the No. 5 mine coal preparation plant was operating

tw"O shifts per day, five and six days per week to process the entire

daily mine production of the Buffalo Mining Company, a total of 4,500

to 5,000 tons per day.

The plant was a coal washing operation, utilizing vibratory and shaker

screens, Jeffrey Baum jigs, picking tables, and eN1 dryers. All of

the plant feed was washed, and the following sizes "Tele shipped on

the Chesapeake and Ohio Railway:

6" x 3" Egg

3" X 2" Stove

2" x l~" Nut

l~" x ~" Stoker

~" x A" Carbon
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D. OPERATION OF HINE AND COAL PLANT

1. Previous History

As noted previously, mining commenced in the Middle Fork area in 1945.

Initial attempts to reduce the amount of coal waste material being

discharged into Buffalo Creek began in 1954 when t'lle Lorado Mining

Company, at the request of the West Virginia Water Resources Commission,

undertook a study of the problem. In July 1955, drawings of the dis

posal facilities were submitted to the Commission, and a six-month

permit (No. 65) was issued on August 19, 1955. This permit was made

permanent on June 28, 1956.

A Ie t ter to the Water Resources Comr,lission in January 1958 indicated

an attempt would be made to cloSE:; the water circuit and that froth

flotation would be used for fine coal recovery. Inspections by the

Water Resources Co~ission in August, October and D~ce~)er 1958 showed

coal waste still being discharged into Buffalo Creek. A December 16,

1958 letter to the company from the Commission elicited a reply in

March 1959 that additional studies were underway. The mining company

stated in a following letter on August 27, 1959 that a consulting

firm had recommended a filter typ~ installation. However, cost

studies indicated that the filtering system would not be feasible for

varying feed from other coal seams, and in April 1959, the mining

company proposed to construct a seri~s of dams behind the then existing

solid waste pile at the mouth of the Middle Fork Valley tc be used as

settling basins for the "black" plant water. The construction of the

first dam began in May 1960.

Approximately 7,400 feet of six-inch pipe were laid through underground

openings in the No. 5 Mine to carry the plant water to the Middle Fork

Valley, where the slurry was discharged into the Middle Fork drainage

above the coal waste disposal area.

·10
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When the USGS surveyed the Middle Fork disposal site in 1967, at the

request of the USBM after the Aberfan, Wales coal waste dump failure,

they reported that initial attempts to create a reservoir had failed

since the water drained through the coal waste bank too rapidly.

However, after strip and auger operations introduced fine (clay)

material into the waste, the bank became le:ss pervious and an impound

ment resulted. At this time, between 400 and 500 thOUSffild gallons per

day containing some 500 tons of solids were being pumped to the im

poundment each working day.

2. 1972 Operations

In 1972, the plant water consumption, as indicated on Figure IV-I,

was still estimated at 500,000 gallons per day to process 5,000 tons

per day of raw coal. Pumping to the settling pond behind No.3 dam

was at the rate of 500 gallons per minute for 10 hours per working day.

The plant discard to the pond contained approximately 18 percent by

weight of solid material. Thus, about 200 to 225 tons of fine coal

waste were discharged each day to the pond.

In February 1972, Buffalo Mining Company was operating seV3n of the

eight mines and the No.5 Preparation Plant. Approximately 350 men

we~e employed in the operations which were producing 5,000 tons per

day. After the February 26 emban,(ment failure and resulting flood,

operations were reduced to five mines (three undergro1.!ad, one strip,

and one auger) and employment curtailed to approximately 310 men.

TIle Buffalo Mining Company started to install a new water clarification

system at the No. 5 plant consisting of a spiral classifier to remove

some large sizes of marketable coal fines, and a thickener to remove

the coal sludge from the plant water. With this system, water and

waste from the existing drag-tank will be pumped to the classifier

rather than a settling pond. The solids removed here will be moved

·1:1
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by a screw conveyor to the eMI dryers. The thickener will allow

separation of the fine sludge which can then be pumped to a small

retaining basin. lbis basin will be excavated periodically, and the

settled sludge trucked to a disposal area.

The use of settlinb ponds will be required only in the. event of equip

men t malfunction, and there wi 11 probably be no need for a large

imp ound men t .
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CHAPTER V

DESCRIPTION OF REFUSE DAMS

A. INTRODUCTION

This chapter traces the history of coal refuse emplacement in Middle

Fork Valley. It describes the method of construction and general lay

out of the dams and refuse bank prior to the February 26, 1972 failure.

Engineering nomenclature with respect to "right" and "left" in re

ferring to dams and streams means right and left as perceived by a

person looking downstream; that convention is used in this report.

Because most of the records of the Buffalo Mining Company were

destroyed by the flood, the statements made in this chapter are of

necessity based on testimony, interviews, field evidence, and deduc

tions from these sources.

Prior to the February 26, 1972 failure, there were four dams in

Middle Fork Valley. They are referred to by the Buffalo Mining Company,

and in this report, as Dam No.1 through Dam No.4, from downstream

to upstream. The pools behind these dams are referred to as Pools I

through 4, respectively. The term "dam" is used here to mean any

barrier or embankment that blocks or is intended to bl ~k a watercourse

and which therefore impounds water or other materials or has the

potential for impounding them, whether or not the actual impoundment

of water or other materials was an intended result of placing the

barrier. p~ impoundment is a pool or reservoir formed upstream of

a barrier (dam). An embankment or "bank" is a man-made mound of earth,

earth materials, or coal refuse. An embankment mayor may not act

as a dam.

Diagrammatic sketches, executed by an illustrator in close coordinat~on

with our geologists and engineers, are used extensively here and in
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Chapters VI and VII to supplement the other tllustrations and the text.

Some of the supportive maps and tables for this chapter have been

placed in Appendix C. lbis will not seriously inconvenience the tech

nically inclined reader, and the casual reader will benefit by the

omission here of technical details and supportive compilations.

B. CONSTRUCTION METHODS

1. General

The constru.ction methods used for building the refuse bank and dams

have been described in several reports and in testimony. All observers

are in essential agreement that the embankments were built by truck

dumping of coal processing refuse, with grading of the end-dumped piles

by bulldozers to create a relatively smooth working surface. In

addition to coal refuse (clayey shale, carbonaceous shale, and bony

coal), the refuse banks contained small amounts of such mine refuse

as wedges, crib blocks, posts, and roof bolts. We have abstracted

various authors' descriptions of construction methods in Table C-l in

Appendix c.

Apparently, none of the embankments were constructed on the basis of

engineEred plans, and neither were they constructed on the basis of

studies of the engineering properties of the coal refuse of which they

were built. The dams were not constructed under any system of close

supervision or control of construction procedures or materials properties.

We have been unable to ascertain if topographic mapping suitable for

engineering design was accomplished before the valley was filled with

refuse.

nll:~ only compaction the dams received was that which resulted from truck

wheel loads and bulldozer track loads. Since this compaction was not

controlled by on-site supervision and testing, it varied in intensity
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and effectiveness from place to place and time to time, producing dams

with random amounts of compaction.

Other factors which are normally considered in earth darn desjgn, and

which appear to have not been carried into construction practice on

Middle Fork, include adequate hydrology studies and the inclusion of

emergency spillways based on such studies, and the importance of

placing a dam on a properly prepared foundation. Several sources

mention, and postfailure evidence confirms, the lack of clearing of

trees, SOil, and sludge from the foundation areas of Darns 2 and 3.

2. Effects on Embankment Structure

The field evidence after the failure generally confirms the reported

construction methods. The Frontispiece shows the refuse bank after

the flood. Piles of truck-dumped fill which have not been leveled

can be seen at the downstream end of the bank. A general correlation

of levels or lifts of refuse with age is shown on Figure VI-I.

The pedestal remnant of Dam No. I is shown on Figure V-I. In portions

of the remnant, a dip of 20
0

to 30 0 can be seen, indicating layering

of the refuse on a slope during construction, such as would occur if the

material were dumped in piles or pushed o~ dumped down a slope.

The internal structure of Dam No. 2 is shown on Figures V-2 and V-3.

Here, as elsewhere in the limited visible remains of Dam No.2, the

dam appears to have nearly horizontal bedding. The structure of the

portions of the darn cprried away by the flood is unknown, but the

missing portion downstream of drill hole S-5 (see Figure V-3) may i1ave

been a repair of a pn:-.vious failure that was poorly bonded to the darn.

The method of construction of Dam No. 3 has been reported on in detail

by many authors (8ee Table C-I). Photographs of the wall of the
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bulldozer trench cut in the left abutment remnant (Figure V-4),

illustrate typical "bedding" in the Dam No. 3 embankm:i!nt. The method

of construction led to a combination of sloping layers and subhorizontal

layers, somewhat analogous to topset and foreset beds in deltas, as

shown on Figure V-S. The sloping layers \.jere formed on the advancing

faces as the initial embankment grew from the right abutment toward

the left. The subhorizontal layers were formed by grading equipment

working on the top surface of the embankment to level dumped piles of

refuse. After the dam was completed across the valley, refuse was

either dumped or pushed do,vn a face, or dumped and spread on the top

of the dam. The top of the dam consisted of successive layers of

leveled piles of dumped refuse four to six feet thick. Any extensive

grading on the top of the dam would create wide areas of horizontally

bedded refuse, as seen in the schematic cutaway diagram of Dam No. 3,

Figure V-5. The faces of the dam grew by the formation of shell layr--s

parallel to each face. Shells oriented so as to increase the prob

ability of shallow sliding can also be seen. In addition, this method

of placement would naturally tend to cause segregation of the coarser

rock sizes toward the bottom of the fill. 1bus, the embankment was

not homogeneous or structureless in detail. The significance of these

features with respect to our engineering analyses is discussed in

Chapter VII.

c. CONSTRUCTION HISTORY

1. Prior to Start of Dam No.3 U947-J.968)

There are few precise records or maps that illustrate the growth

history of the refuse bank and dams. The 1914 edition of the Bald

Knob Quadrangle (all maps referred to herein as quadrangle maps are

published by the U.s. Geological Survey) at a scale of 1:62,500 is the

earliest available map we examined. It shows Middle Fork (identified
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PHOTO A. DETAIL OF BULLDOZER TRENCH WALL IN LEFT
ABUTMENT REMNANT OF DAM NO.3. RAIN HAS WASHED
THE SAND FROM THE WALL. LEAVING THE GRAVEL EX
POSED. NOTE LOCAL TENDENCY FOR DIPPING DOWN
STREAf.I, INDICATED BY ARROWS. GRADUATIONS ON
STIC~ ARE TENTHS OF FEET

PHOTO B. DETAIL OF BULLOOZER TRENCH WALL IN
LEFT ABUTMENT REMNANT OF DAM NO.3. LINES
ARE CONTACTS BETWEEN LAYERS OF FILL THE
TOP LAYER IS HORIZONTAL. THE LOWER ONES
DIP MODERATELY TO THE RIGHT AND SHALLOWLY
TO THE LEFT VIEW COVERS ABOUT FOUR FEET
VERT! CALLY
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CUTAWAY SKETCH OF DAM No 3. TO SHOW, IN SCHEMATIC FASHION. THE TYPE OF INTERNAL

STRUCTURE RESULTING FROM THE CONSTRUCTION METHODS USED.
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as "'l"nn~e Forks") to be a typical narrow tributary valley with steep

sides, although it widens somewhat at its mouth. This map is the only

map reviewed which shows the topography of ~iddle Fork Valley before

the ref\lSe bank was started. The Middle Fork Valley area of this map

is reproduced here as Figure V-b.

The dumping of coal refuse in Middle Fork Va},].B)' began ':fn d.~./-I7 when

the Lorado Mining Company completed its preparation plant on Buffalo

Creek, about 3,500 feet upstrearr, from Middle FOTK. The solid refuse

from this plant, 800 to 1,000 tons a day, was trucked to the mouth

of Middle Fork Valley and dumped. Bulldozers graded the piles or:

dUMped refuse to provide roadways and level areas on which the trucks

placed I:he next: layer of refuse piles. The refuse bank gre'" both

verticaUy and up-valley almost continuously until construction of

Dam No. 3 began. Houses in the valley were removed as the refuse

bank encroached on them. The church at Saunders was moved several

times to make way for the growing refuse bank. Figure V-7 is a

diagrammatic sketch of Middle Fork Valley as it looked in late 1947

when the refuse bank was started.

The Army Hap Service's Bluefield Sheet (s~ale 1:250,000), dated 1957,

shows Saunders as "Three Forks." It does not indicate the presence

of the Middle Fork refuse bank, probably because it was too small to

be plotted at the map scale.

According to the Commission Report, Dam No. 1 began as a structure

separate fr.om the refuse bank: "The original dam was begun in May

1960. It was constructed by placing coal refuse partially acr.oss the

valley at a point ur'stream from the then-F;·~ist:'...ng refuse pile ...

Preparation plant wG:s~e ..rater from the No. 5 pn~p~!·atior. plant was

pumped from a point on Buffalo Creek through the No.5 'doe and dis-

charged into Middle Fork The discharge pain:: was located approxi-

mately 3,200 feet* above Dam No. 1." Figm:e V-8 is a diagrammatic sketch

*Figure V-IO indicates that the discharge point for the preparation
plant effluent was about 5,000 feet upstream from Dam No.1.
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MIOOLE FURK VAL~EY III LATE \947" THE REfUSE SANti HAS BEEN STARTED AT THE MOUTH
Of THE VALLEY.
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MIDDLE fORK VALLEY IN APRIL 18tilL DAM No I HAS BEEN BUILT " AT A POINT UPSTREAM

FROM THE THEN-EXISTING REFUSE PILE" (COMMISSION REPORT),
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~howing the relationship be tween the first Dam No. 1 and the refuse

bank. Dam No. 1 and its successors were constructed for the purpose

of clarifying preparation plant discharge water, with a secondary

advantage of providing some storage of water for plant use when

Buffalo Creek was low.

In November, 1962, and January, 1963, aerial photography of the area

for tax maps was flown by Michael Baker, Jr., Inc., of Beaver,

Pennsylvania. Figure C-l is a topographic map of the refuse bank and

its impoundment on November 28, 1962, based on aerial photographs

taken on that date. Figure V-9 is a diagrammatic sketch of Middle

Fork Valley on November 28, 1962, based on Figure C-l.

Figure V-9 shows that by November 28, 1962, the refuse bank occupied vir

tually the entire flood plain of Middle Fork Valley, and Dam No.1, as

a structure separate from the refuse bank, did not exist; Dam No.1

by this time (and subsequently) was actually a dike on (or. extension

of) the refuse bank. It is again emphasized that although this dike

or extension is often called "Dam No.1," the entire refuse bank acted

as an impounding structure and the bank-pIus-dike unit as a whole was

really "Dam No. 1." The final location of the dike was different than

the location of the original Dam No.1; it appears to have progressed

slightly upstream.

Stahl (1964) published a survey of burning coal mine refust! banks

which was apparently conducted in 1962 or early 1963, so his data

should at least roughly correlate to Figure C-l. He lists (p. 33)

two refuse banks (numbers 95 and 97) described as being 0.1 mile from

Saunders. Bank number 95 is described as 500 feet long, 250 feet wide,

60 feet high, and as active (Le., in use to receive new coal waste)

and burning rapidly. Number 97 is described as 400 feet long, 40 feet

wide, 25 feet high, and as active and smoldering. It seems unlikely

that either of these small refuse banks is the Middle Fork refuse bank,

WA.WAHlER
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MIDDLE FORK VALLEY ON NOVEMBER 2B. 1962.
HIGHER ~NO H~VE PROGRESSED UPSTRE~M.

w.~. WAHltH
& ASSOCIAHS

D~M No. 1 ANa THE REFUSE BANK ARE BOTH
SKETCH BASED ON AERIAL PHOTOGRAPHS.
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shown on Figure C-1, which measures about 1,600 feet long and 250 feet

wide <.10<.\ shows peaks at elevations of 1,6413 and 1,686 feet above sea

level, or about 148 and 186 feet, repectively, above the elevation of

Saunders. Stahl's descriptions of banks 95 and 97, therefore, indicate

banks far smaller than the Middle Fork bank of 1962. Stahl makes no

mention of either refuse bank acting as an impoundment. It is likely

that the "mine dump" about 0.1 mile ,vest of Saunders (Figure V-lOA)

was, at the time of his work, .:J.ctually two small dUmps Vlhich later

merged, and these were catalogued by him as numbers 95 and 97. Appar

ently Stahl missed the larger Middle Fork bank. in his survey.

(Using Figure C-l as a base, Figure C-2 s~ows the topographic configura

tion of the refuse bank on December 9, 1966, based on a sketch made

that day by W. E. Davies of the U.S. Geological Survey. The beginnings

of Dam No. 2 are also seen on Figure C-2).

The Commission Report describes the initial construction of Dam No. 2

as follows:

Buffalo Mining Company constructed Dam No. 2 in 1966 to
replace Pool No.1, which had been rendered useless due
to extensive silting in the reservoir behind Dam No. I and
the need for the company to find an addi tional space for
disposing of the refuse. Dam No.2 was located approximately
600 feet upstrea'u from Darn No. I and was co",structed by
dumping refuse ;',CLOSS the width of the hollow on the deposits
remaining in the reservoir behind Darn No.1. No effort was
made to cleal vegetation or trees prior to this dumping.
Clarified water from this second dam . . . flowed into the
remain~ng area behind Darn No.1.

Figures V-lOA, B, and C, based on portions of the 1968 Lorado (7.5

minute) quadrangle, show the configuration of the refuse bank, Darn

No.1, Dam No. 2 and their respective pools as of 1968. The locations

of the Buffalo Mining Company tipple (preparation plant), the No.5

Mine, and the discharge point for preparation plant waste water are

also indicated.

W.A.WAHLf.R
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A serie~3 of diagrammatic sketches (Figures V-llA through V-lID) illustrates

the growth of Dam No.2. Dam No. 2 started from the left side of the

valley (Figure V-lIA) and was incomplete when the March 1967 overtopping

of Dam No. 1 occurred. The [low after Dam No. 1 failed eroded portions

of the Dam No.2 embankment (Figure V-lIB). Dam No.2 was then com

pleted across the valley and Dam No. 1 repaired (Figure V-He) by mid-1967.

A 3D-inch overflow pipe was installed in Dam No. 2 about this time. The

pipe discharged into a ditch on the right side of the No. 5 Mine Road

as shown on Figure V-lIe.

Probably starting in 1967, the left side of Pool 1 was filled in by

extending the refuse bank upstream (Figure V-lID) until it covered the

left half of the downstream face of Dam No.2. Thus, the refuse Dank

grew up-valley over Pool I sludge and became a functional part of

Dam No.2, as well as a part of Dam No.1. Figures V-lOB and V-IDe

show this upstream growth of the refuse bank over Pool 1 sludge in

map and section view, respectively. In 1968, the minimum crest elevation

of Dam No. 2 was about 1,675 feet. Postfailure mapping indicates that

the 1972 prefailure minimum crest elevation for Dam No. 2 was about

1,690 feet, indicating D~m No. 2 was raised about 15 feet above its

initial crest elevation. Figure V-12 shows an overall view of Middle

Fork Valley in early 1968, after Dam No. 2 was completed and before Dam

No. 3 was started.

2. After Start of Dam No. 3 (1968-1972)

With the completion of Dam No.2 in late 1967, the stage was set for

construction of Dam No.3, which would continue the progressive upstream

damming of Middle Fork Valley. On February 26, 1968, D. S. Dasovich,

Vice President of Buffalo Mini'J.g Company, sketched out Dam No.3 during

a field inspection with representatives f·.~·)m the West Virginia Public

Service Commission (Mr. Harold Snyder) and the West Virginia Department

of Natural Resources (Mr. Joseph C. Holly). His sketch, reproduced from

the Commission Report, is included here as Figure V-I3. During this

W.A.WAHlER
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I,UDOlE FORK VALLEY, DECEMBER 1966. LOOKING UPSTREAM, DAM No 2 HAS BEEN SflRTEO

ANO EXTENOS INTO POOL \.

WA. WAKHR
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~.l!DQLE FORK VALLEY, r,1ARCY 1967, l.':lOUNG UPSTREI..L DAM NO.1 HAS .AILEO BY OVER·
TOPPING DAM No, 2 SufFERS EROSION AND SLU~DING THOUGH INCOMPLETE AT THIS
; I ME.

W.A. WAHlfR
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MIDDLE FORK VA~LEY IN HID-1967, LOOKING UPSTREAM. DAM NOe 2 HAS BEEN COMPLETED WITH
A CREST ELEVATION OF ABOUT 1675 FEET. OVERFLOW PIPES HAVE BEEN INSTALLED IN
DAMS I AND 2.

W.A. WAHlfR
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ImDl.E FORI( VHLEY IN LATE 1967, LOOKI~G UPSTREAM .. THE. REFUSE BANK IS BErN" EXTENDED

UPSTREAM OVER f'ART 01- POOL I.

WA. WA~ltR

&ASSOCIAHS FIGURE V-liD



MIDDLE FORK V~LLEY iN EARLY i9DB
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inRpection, Mr. Snyder reportedly recommended that Dam No. 2 be raised.

The company most likely followed this recommendation because, as noted

above, the 1972 prefailure crest elevation of Dam No.2 was about

15 feet higher than shown ern the 19f Lorado quadrangle (Figure V-lOB).

During the February 26, 1968 conference, according to the Connnission

Report, Mr. Dasovich suggested that as an alternative to a new dam

(Dam No.3), Dam No.2 could be widened and heightened by extending

it upstream. As the Ad Hoc Commission reports:

However~ in a Notice to Comply with Water Pollution Control
Permit, issued by the West Virginia Department of Natural
Resources against Buffalo Mining Company, dated March 28,
1968, one of the de:'iciencies noted is as follows: " ..• 9.
Put in proposed refuse dump further up hollow behind
impoundment to act as ... retaining dam t,"1r solids in plant
effluent ejected above aTld this retuse dl.!.mp \l1ill also slow
down surface runoff." In a letter of compliance dated
May 29, 1968, Mr. Da~ovich notified the West Virginia
Department of Natural Resources that work has begun on Dam
No. J and that it would II • • • be completed in the very
near future."

Diagra~atic sketches (Figures V-14A through H) are used to trace the

history of Dam No. 3 from its start in May 1968. Trucks dumped coal

refuse from a wide area in the No. 5 Mine Road on the right side of

the valley, and a platform was made (Figure V-14A) from which trucks

could dump either down the face or into individual piles for later

leveling by a bulldozer. Thic platform became the right end of Dam

No.3. The embankment was carried across Middle Fork Valley from

right to left (as viewed looking downstream) at approximately Elevation

1,740-1,750 (Firur~ V-l4B).

In February 1969, a large slump occurred on the advancing face of the

embankment (Figure V-14C). This failure is described as "that whole

end of the dam, 100 feet of it, disappeared" (U.S. Congress, 1972b,

p . .318). This failure was not directly related to seepage forces in

WA.WAHlfR
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'1100LE fORK VALLEY IN MI~-I96'J, LOOKING UPSTREAM

A PLATFOR'\ OF COAL \'IASTE AT ITS RI GHT ABUTMENT"

t.IAxaiUM EXTENT AND COVERS ONE·HALF OF POOL L

W. A. WAHlf~

& A~~OCIAH~

DAr, NO.3 IS 51 ARTEO BY BUILDING

THE REFUSE BANK H~5 REACHED ITS

FIGURE V-14A



MIJOLE FORI\ VALLEY IN LATE 1968, LOOK ING UPSTREAM THE ~AI.1 NIL 3 EMBAN~,MENT HAS

PROGRES~ED OVER POOL 2 SLUDGE.

WA. Wp,HlfR
&A~~OLIAH~ FIGURE V-14B



HIDDLE FORK VALLEY, FEBRUARY 1969, lOOKING UPSTREAM THE ADVANCING FACE OF THE
DAM NO.3 EMBANKMENT HAS FA!lEO.

W. A. WAHlfR
& ASSOCIAHS FIiJURE V--14C



~!DOLE FORK VALLEY iN SPRiNG 1969, LOOKING UPSTREAM. THE ~AILURE OF THE EMBANKMENT
IS REPAI~EO BY CONTINUING TO OUMP INTO THE SLUMPED AREA,

IN A 'ivA Hl fR
&,~SSOCI AI tS FIGURE V-140



fliDULE FORK VALLEY IN EARLY \970, LOOKING UPSTREAM. OM' ~JD 3 IS CDf1PLE1ED ACROSS THE
VALLEY, BUT NOT TO liS FULL ~IDTH OR HEIGHT BULLDOZERS RAISE lHE DAM BY LEVEL'~G

DeMPED PILES OF COAL REFUSE.

........ ,

W. A. WAHlfR
& ASS~~IAHS FIGURE V-14E



~,lIDDLE FORK VALLEY IN FEBRUARY-f,IARCH. 1971, LOOKING UPSTREAM .. DAM No, 3 EXPERIENCH
SLUMPING ON THE OOWNSTREAM FACE"

W. A. WAH l tH
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'.1IDOLE FO~K VALLEY lil ;,lARCII 197i, LOlir-lliG UPSTREAM TilE FAILURE O~ DAM No 3 IS

REPAIRED BY FILLING IN THE SLUMPED AREA

W.A. WAHlfR
&A~S~CIAH~
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FIJURE Y-14S



~IDnLE FD~K VALLEY 'N EARLY FEB~UARY 1972, LOOKING UPSTREAM. POOL 3 HAS A SURFACE
ELEVATION OF ABOUT 1740-1745 FEET.

W. A. WAHUR
& ASS~CIAHS FI~URE V-14H



the embankment because the embankment did not close off the valley

at that time. The phreatic surface throughout the incomplete darn was

essentially at the level of the water in Pool 2. This February 1969

failure was a foundation failure: the sludge foundation below the

eI!1hankment simply yielded under the weight of the enmankment imposed

on it. It is unlikely that the enmankment materials would sink completely

through the accumulated sludge and "find bottom" as a coherent block;

and our subsurface exploration found no indication that this occurred.

From the description given in the testimony, we think the sludge

yielded and flowed laterally, and the enmankment sank and also spread

laterally. Although the end of the embankment "disappeared," it did

not sink a great distance, but stopped with its top generally between

the water level of Pool 2 and the former top of the Pool 2 sludge.

The slide was "repaired" (Figure V-14D) by siniply continuing to dump

more refuse on top of the enmankment-sludge mixture that resulted

from the failure.

By early 1970, Darn No. 3 was a true dam, extending completely across

Middle Fork Valley (Figure V-14E). Prior to this closure, some refuse

dumping may have occurred from the left abutment side; after closure,

refuse trucks could approa~h the dam from either abutment. ~ljch

road the trucks travelled depended on traffic or road conditions, but

they generally travelled up the No.5 Mine Road, crossed the dam

after dumping their loads, and came down the other side of the valley.

Bulldozers both raised the embankment by leveling groups of piles

and advanced it downstream and upstream by pushing edge-dumped piles
.,

dm"D the face.

In June 1970, a team from the Pittston Company examined or "surveyed"

the Buffalo Mining Company properties. Testimony indicates that they

found nothing wrong with any of the Middle Fork dams. Dam No. 3 was

reported to be "50 percent complete" at that time (CoIlli'llission Report)

but this figure probably refers to the volume completion of the dam

r:~ _. 77
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since other information indicates that closure was effected early in

1970. Work continue(~ on Dam No. 3 after Pittston acquired Buffalo

Mining Company. Dam No.3 was raised and widened throughout the

remainder of 1970.

By 1971 or earlier, dumping off the left portion of the downstream

face of Dam No. 2 and advancement of the refuse bank from below had

filled in the left half of Pool 1- This action had a buttressing

effect on the left portion of Dam No. 2, but in Feb ruary 1971, the

right portion "cracked down the middle and slumped ll (Commission

Report). Like other slumps, this one was repaired by dumping more

refuse into the void created by the slump. In this case, the dam

was reportedly also widened by additional dumping on the upstream face.

Dam No. 3 reportedly reached its final height by February 1971. After

this juncture, further dumping widened the dam by adding refuse to

the upstream and downstream faces. In February or March 1971, a

relatively shallow failure occurred on the downstream face of Dam No.

3 (Figure V-14F). This slide is described as being 11150 to 200 feet

wide across the face of the dam and 20 to 30 feet from the face back ll

(Commission Report). Again the slide was repaired by dumping more

refu"e down the scarp and refilling the void left by the slide

(Figure V-14G).

The final important feature in the construction history of Dam No.3 is

the reported placement of a 24-inch spillway pipe in the embankment.

This apparently occurred during the period April-June 1971. The reported

existence of this spillway has been challenged (Citizens Commission to

Investigate the Buffalo Creek Disaster, 1972, p. ]8), and the postfailure

field evidence does not wholly confirm or refute the presence of this

spillway. The preponderance of available records and testimony indicates

that the spillway was, in fact, present, and we assume it was present

for purpose of our analyses.

~'O
(C~
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Throughout the remainder of 1971, and up to the time of the February 26,

1972, failure, dun~ing continued on Dan. No.3. Trucks dumped primarily

at the top of the upstream face, but also along the downstream face.

A high altitude aerial photograph of the site was taken November 3, 1971,

by the Appalachian Regional Commission, and has been published by Davies

and others (1972b) as their Figure 6. TI1is photograph shows (in a print

furnished to us by Davies) four small surficial slides on the downstream

face of Dam No. 3 and a probable slidl~ of smal1 extent on the upstream

face. The presence of these slides ~ndicates, most likely, that the

faces of the dam were locally oversteepened.

Figure V-14H shows the dam as it probably appeared a few days before

the failure. As shown on ~his figur(~, the water level in Pool 3 is at

about 1,740-1,745 feet. Due to the lNinter rains, this is a few feet

higher than the long-term pool level. Piles of dumped refuse line

the entire back portion of the crest "10 deep" as reported, and a few

piles are scattered along the front face at the left.

Throughout 1971, boils of black wate'r occasionally appeared in Pool 2

near the left portion of the downstream toe of Dam No.3. These boils

were evidence of piping and constituted a danger signal. Apparently,

no one who observed the boils was ~'are of their significance. The

possible role of piping in the failure of Dam No. 3 is discussed in

Chap te r VI 1.

Dam No.4 was started in late 1968 ~~d completed early in 1969, while

Dam No. 3 was still an embankment eXI:ending part way across Middle Fork

Valley some 2,600 feet downstream of Dam No.4. Figure 1II-3C shows

Dam No.4; the map relations and aerial photographs suggest that Dam

No. 4 was constructed by bulldozing part of the small refuse bank to

the right of the dam into the valley below. Pool 4 had a low capacity

(15 acre-feet) and rapidly filled with sludge and silt. For the few

months it was effective, Dam No.4 kept additional sludge and silt from

entering Pool 2.

r' ~:; --
~ ·too
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Dam No.4 did not fail in February 1972; the flow of Middl~ Fork,

including the output of the sludge discharge line, went over its spill

way and into Pool 3. Figures V-15A and B show the spi.llway and the

slumping of the downstream face. The slumping has reduced the

crest width, and failure by progressive slumping upstream to the

pond and consequent breaching is probable in time unless maintenance

is done. However, the consequences of a failure of Dam No. 4 are

considered small at this time due to the fact that Pool 4 is completely

filled with sludge and silt. Some downstream pollution with sludge and

silt from Pool 4 would occur if Dam No. 4 failed.

In the period 1968-1972 the refuse bank was not receiving refuse full

time. The construction of Dam No.3 took most, if not all, or the solid

refuse output of the No.5 Preparation Plant. Occasionally Dam No. 3

was inaccessible to the refuse trucks by reason of bad weather or road

repairs, or the trucks could not travel on the embankment surface

because it "7as too soft or cro\o;ded wit'.l dumped piles. At these times

the trucks dumped on the refuse bank or filled in the left portion of

1'001 1 b~ dumping on the refuse bank, or on the left side of the down

stream face of Dam No.2.
~.

i
TIle history of the construction of the Middle Fork refuse bank and

darns is condensed in Table V-I. Figure C-3 shows their history in

calendar-graphic form. Table V-I records four major pre-1972 failures:

one each of Dam No. 1 and Dam No.2, and two of Dam No.3. In addi

tion, minor slumping has occurred on the downstream face of Dam No.4.

Thus, all the dams in Middle Fork Valley have a history of failures.

80
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PHOTO A. DAM No.4. DOWNSTREAM FACE.
SPILLWAY IS IN BEDROCK.

PHOTO B. DAM No.4. CREST AND DOWN
STREAM FACE. NOTE SLUMPING ON
FACE.

NOTE: LOCATIONS OF PHOTOS ON THIS SHEET ARE
SHOWN ON FIGURE 111-3C.

PHOTO C. SLUDGE AT UPPER END OF
POOL 3. STAKES (ARROWS) ARE
LOCATIONS OF VANE SHEAR AND CONE
PENETROMETER TESTS. Top OF SLUDGE
HERE COINCIDES WITH THE DEAD TREE
LINE AT ABOUT ELEVATION 1735.

W.A. WAHlfR
&ASSO~IAHS

~iOTD D. UPPER END OF POOL 3, LOOKING
DOWNSTREAM. THE BASES OF THE LOWER
MOST LIVE TREES ARE AT ELEVATION 1735;
THE SLUDGE IN THE MIDOLEGROUND IS AT
ELEVATION 1714. ~ ... - 8i

FIGURE V-15



TABLE V-l

CHRONOLOGICAL SUMMARY
OF

MIDDLE FORK COAL REFUSE BANK AND DAMS
CONSTRUCTI ON I FAI LURES, AND REPAI RS, 1947 TO FEBRUARY 1972

YEAR MONTH

1947 ---

1960 MAY

1952 NOV. 28

1962 OR 63 ---
1963 NOV.

1964 OCT.

1966 DEC. (?)

1967 MAR.

1967

1967

1968

1968

1966

196B

1969

APR.
JUNE

DEC.

FEB. 26

MAR. 26

MAY

FEB.

EVENT

LORADO COAL MIII ING COMPANY COMPLETED PREPARATI ON PLANT AND
STARTED DUMPING REFUSE AT MOUTH OF MIDDLE FORK VALLEY.

DAM NO. 1 CONSTRUCTED,IIACROSS THE VALLEY AT APOINT UPSTREAM
OF THE THEN-EXISTING REFUSE PILE II (PARK AND OTHERS, 1972).

AERIAL PHOTOGRAPHY; SEE FIGURE V-9

SAUNDERS REFUSE BANKS DESCRIBED BY STAHL (1964)

MINING OPERATIONS SHUT DOWN BY LORADO COAL MINING COMPANY

BUFFALO MINING COMPANY TOOK OVER; OPERATIONS RESUMED

DAM NO. 2 CONSTRUCTION STARTED 8Y BUFFALO MINING COMPANY

DAM NO.1 OVERTOPPED, FAILED, PRESUMABLY BY BREACHING,
CAUSING EROSION OF INCOMPLETE DAM NO.2 EMBANKMENT. DAMS
REPAIRED BY TRUCK DUMPING FILL INTO FAILED AREAS.

DAM NO.2 CLOSED, WIDENED, AND 30-INCH OVERFLOW PIPE INSTALLED

DAM NO.2 "COMPLETE II ACCORDING TO COMMISSION REPORT. "COULD
IMPOUND WiTER TO A DEPTH OF 20 FEET OYER THE SLUDGE DEPOSITS
OF POOL I. II

SITE CONFERENCE (SEE TEXT). DAM NO.3 LOCATION SKETCHED BY
DASDVICH.

IINOTICE TO COMPLY" (SEE TEXT) ORDERED CONSTRUCTION OF THIRD DAM

DAM NO.2 RAISED.

WORK BEGUN ON DAM NO. 3

COMMISSION REPORT: "DURING THE CONSTRUCTION OF DAM NO.3. A
MAJOR PORTION OF THE REFUSE SANK AND DISPLACED SOME OF THE
SLUDGE ON WHICH IT WAS BEING BUILL" THIS FAILU~E IS DE
SCR IBED AS IITHAT WHOLE END OF THAT DAM. 100 FEET OF IT.
DISAPPEARED II (U.s. CONGRESS. 1912b, pp.316). THIS DESCRIP
TION APPARENTLY REFERS TO THE ACTIVE END OF THE DAM FACING
THE LEFT SIDE OF MIDDLE FORK VALLEY, KOT AK UPSTREAM OR
DOWNSTREAM FACE FAILING.

W.A. WAHlER
&ASSOCIAHS V-14
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TABLE V-l -CONTINUED

CHRONOLOGICAL SUMMARY
OF

MIDDLE FORK COAL REFUSE BANK AND DAMS
CONSTRUCTION, FAILURES, AND REPAI RS, 1947 TO FEBRUARY 1972

YEAR

1969

1969-71

1970

1970

1971

1971

1971

1971

1971

1972

i'!ONTH

(EARLY)

JUNE

FEB.

FEB.

FEB. OR
MAR.

APR.
JUNE

FEB. 26
8:00 A.M.

EVE N T

DAM NO. 4 CONSTRUCTED

MINOR SLUMPS ON DOWNSTREAM FACE OF DAM NO.4

DAM NO.3 CLOSED - BLOCKS VALLEY AND POOL 3 IS FORMED

BUFFALO MINING CDMPANY ACQUIRED BY THE PITTSTON COMPANY.
PITTSTON ENGINEERS IISURYEYED II THE PROPERTY AND THEIR
'~EPORTS HAD NO INDICATION THAT THERE WAS ANY DANGER,
OR THAT ANYTHING WAS WRONG WITH THE IMPOUNDMENTS. II

(AD HOC COMMISSION HEARINGS TRANSCRIPT. YOLo V, p.77).
DAM NO.3 ESTIMATED AT 50 PERCENT COMPLETE. (THIS
PROBABLY REFERS TO VOLUME COMPLETION AS THE DIM WAS
APPARENTLY CLOSED PRIOR TO JUNE 1970).

DAM NO.3 NEAR ITS FINAL HEIGHT.

BOILS OF BLACK WATER REPORTED TO BE INTERMITTENT IN POOL 2
IN THE DOWNSTREAM LEFT TOE AREA OF DAM NO.3. (U.S.
CONGRESS. 1972a, AND DAVIES AND OTHERS, 1972). BOILS
PRESENT THROUGHOUT MOST OF 1971. ESPECIALLY WHEN POOL 2
WAS AT ALOW LEVEL.

DAM NO.2 IICRACKED DOWN THE MIDDLE AND SLUMPED. II REPAIRED
BY DUMPING REFUSE INTO SLUMP ANO WIDENING DAM ON UPSTREAM
SIDE.

DOWNSTREAM SIDE OF LEFT ABUTMENT OF DAM NO.3 SLUMPED. SLUMP
SIZE ESTIMATED TO BE 11150 TO 200 FEET WIDE ACROSS THE FACE
OF THE DAM AND 20 TO 30 FEET FROM FlCE BACK. II BLACK IUTER
OBSERVED BOILING INTO POOL 2 FROM THE DOWNSTREAM SIDE OF
DAM NO.3 AFTER FAILURE (COMM1SSION REPORT). FROM PARK AND
OTHERS (1972): IIIN 1971 ••. APORT ION OF THE ••• DAM
FAILED AT THE LOCATION JUST OFF CENTER TOWARD THE NORTHEAST
SIDE OF THE DAM. II

1124-INCH EMERGENCY SPILLWAY" PLACED IN DAM NO.3. PIPE lAS
IIPLACED DIAGONALLY ACROSS THE RIGHT SIDE OF DAM NO.3 AND
ABOUT 7 OR BFEET BELOW THE GRADED CRESr." (COMMISSION
REPORT) .

DAM NO.3 FAILS CATASTROPHiCALLY.

W. A. WAHlER
& ASSOCIATES
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D. PREFAILURE CONDITIONS

1. General

The appearance of the refuse bank and Dams 1, 2, and 3 in early 1972

is seen on Figure V-16, in which postfailure topographic mapping was

modified to show generalized prefailure topography, according to the

available descriptions of the dams. Figure V-I7 is a section generally

along the center of Middle Fork Valley, and shows the profile of the

dams and refuse bank before failure. Large-scale, more detailed versions

of these drawings were used in our engineering analysis. Another

interpretation of the pre failure appearance of the valley is shown on

Figure V-18, where the prefailure outlines of the dams and pools

have been sketched on a postfailure aerial photograph. Figure V-19

is a diagrammatic sketch of Middle Fork Valley before the failure.

2. Refuse Bank and Dam No. 1

In February 1972, the refuse bank or old gob pile extended more than

2,100 feet up Middle Fork Valley. It filled the valley to a maximum

width of 400 feet, and its highest points were over 220 feet above the

elevation of Buffalo Creek at Saunders. Dam No. 1 was a dike on the

right side of the valley; it was about 100 feet long, and perhaps 6 to

8 feet high on its downstream face and 15 to 20 feet wide on its crest.

A utiljty pole and shop building were located Routhwest of Dam No.1

(Figure V-19). Two 24-inch pipes in Dam No.1 were embedded near

the right abutment. They discharged water from Pool 1, passing under

the road to the No.5 Mine, to a diversion ditch on the right side of

the road. The pre failure volume of the refuse bank is estimated at

3,000,000 cubic yards.
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AERIAL VIEW OF MI~OLE FORK VALLEY, FEBRUARY 28, 1972, LOOKING UPSTREAM THE
PREFAILURE CONFIGljR/,TION OF REFUSE BANK AND DAMS 1,2, AND 3. HAS BEEN
ADDEO. P~OTO COURTE~Y. WEST VIRGINIA DEPARTMENT OF HIGHWAYS.
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3. Dam No.2

In February 1972, Dam No. 2 was 450 feet wide across the valley, but

the left half was essentially part of the refuse bank, and the right

half was an enmankment separating Pools 1 and 2. The tninimum crest

elevation of Dam No.2 was about 1,690 feet; the minimuut crest width

on the right side was probably about 25 feet neaT the right abutment

(Figure V-16). A 3D-inch diameter overflow pipe was in place near

the right abutment. The pipe discharged into the ditch on the right

side of the No. 5 Mine Road below the right abutment of Dam No.2.

We estimate the upstream invert of this pipe to have been approximately

at Elevation 1,685 (i.e., about 5 feet below the lowest portion of the

crest) . The dam, just prior to fai 1.ure, was a complex structure,

especially on the right abutment side as a result of the previous

failure and repairs. The volllme of the Dam No. 2 embankment is

estimated at 88,000 cubic yards.

4. Dam No.3

By February 1972, Dam No. 3 probably appeared as shown on Figures V-16,

17, 18, and 19. By far the largest of all the Middle l"ork dams, Dam

No. 3 was nearly 600 feet wide at its maximum across Middle Fork

Valley. The volume of the embankment is estimated at 534,000 cubic

yards. The crest of its do~~stream face, which was about 450 feet

long, sloped downward from left to right and varied in elevation

from 1,760 feet at the left abutment to 1,740 feet at the right

abutment. The crest of its upstream face was about 465 feet long

and varied in elevation from 1,765 feet at the left abutment to

about 1,752 feet at a low point near the right abutment. The previous

dimensions reflect the crest~ of the upstream and downstream faces of

Dam No.3. The crest of the dam itself, connecting points of highest

elevation from left abutment to right abutment, had a minimum elevation

of 1,753 as shown on Figure V-16. This, then, is the point at which
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water would first overtop the dam if the Pool 3 elevation was higher

than 1, 753 feet.

Because of the irregular construction techniques, the upstream and

downstream faces were not uniform. The. upstream face sloped at
o 0about 25 to 30 and had roughly the shape of an elongated reversed

"S":. there was a fairly deep re-entrant at the upstream right abutment.

The downstream face was slightly concave. On the left side, the down

stream face had a fairly uniform slope inclined at 37 0 to 39 0
• However,

on the right side it probably broadened into a variable slope. Locally,
othe slopes were oversteepened and probably stood as steeply as 45 for

short times.

Long-term pool elevations of 1,685 for Pool 2 and 1,735 for Pool 3

probably prevailed for. much of 1971. During the weeks just prior to

failure, it is probable that Pool 3 rose to a surface elevation in the

range of 1,740-1,745 feet due to winter rains. The control on the

elevation of Pool 2 was the 3D-inch outlet pipe near the right abut

ment of Dam No.2, which had its upstream invert at Elevation 1,685.

It is assumed that seepage from Dam No. 3 was sufficient to keep Pool 2

continuously full to at least this level during the wet season. Evidence

for a long-term elevation of 1,735 for Pool 3 is a water line on the

reservoir walls at that elevation, and the fact that all trees below

that elevation are dead, presumably killed by nearly continuous submersion

in the pool (Figure V-IS, Photos C and D). A 24-inch diameter "overflow

pipe" or "emergency spillway" was reportedly installed in Dam No. 3

about June 1971, at a depth of 7-8 feet below the then-existing

surface. It is shown on Figures V-16 and V-19, but its location and

elevation are not known ~~thin close tolerances.

During the weeks preceding the failure, trucks reportedly dumped coal

refuse not only along the upstream edge of the crest of Dam No.3,

but also along the left portion of .the downstream edge of the crest.

Most of these piles were still present on February 25-26 (Figure V-14H

and V-19).
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E. RESERVOIRS

The reservoirs or pools created by Dams 1 through 4 are known as Pools

1 through 4, respectively. Pools 1 and 2 originally had fairly large

areas, but the areas of these pools were considerably reduced by the

subsequent construction of Dams 2 and 3, respectively. Our restoration

of the prefailure topography of Middle Fork Valley (Figure V-16) is

based on the large scale maps used in deri~~ng the data presented in

this section. A summary of pool data is presented in Table V-2.

PaolI in the days before failure acted as a "clear pool" of relatively

sludge-free water which was recycled through the preparation plant as

needed. Its shape in outline was that of a rectangle beveled at one

corner, about 380 feet long and 130 feet wide. Its maximum water depth

was about 24 feet, with a water surface elevation of 1,654 feet. Water

entered Pool 1 by seepage through Dam No.2, and left Pool 1 by means

of two 24-inch culverts which passed northerly near the right abutment

of Dam No.1, under the No.5 Mine Road, and discharged into a ditch

along the right side of the road. The upstream invert elevations of

these culverts are estimated at 1,654 feet. The free water capacity

of PaolI was approximately 12.6 acre-feet. PaolI impounded about

150,000 cubic yards of sludge before Dam No. 2 was built.

Before the failure, Pool 2 was roughly rectangular in outline. It

was about 410 feet long and 280 feet wide. It may have been as shallow

as 10 feet. Water entered Pool 2 by seepage through or under Dam

No.3, and left by seepage through or under Dam No.2, or through

the outlet pipe. A 30-inch diameter outlet pipe extended through Dam

No. 2 near its right abutment, and under the No.5 Mine Road to a

ditch on the right side of the road. The upstream invert elevation

of this pipe is estimated at 1,685 feet. It is possible that the pipe

was usually flowing partly full. With the parameters used, Pool 2

had a free water capacity of approximately 30.9 acre-feet. Pool 2

impounded about 434,000 cubic yards of sludge before Dams 3 and 4 were

built.
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TABLE V-2

SUMMARY OF POOL DATA
MIDDLE FORK DAIS

FEBRUARY 1972

SURFACE CAPACITY AT GIVEN WATER LEVEL
POOL AREA WATER LEVEL DEPTH

ACRES (ft. MSL) (NOTE 1)
ACRE-FEET CUBIC FEET GALLOr~S

1 I. 03 1654 24 12.6 550,000 4,110,000

2 3.45 1685 10 30.9 1,350.000 10,100,000

3 9.63 1735 25 184.0 8,010,000 59,900,000

13.15 I 1753 45 392.0 17,100.000 128.000,000

4 1.34 (NOTE 2) 0 0 0 0

NOTES: 1. DEPTH GIVEN IS ESTIHATEOMAXIMUM DEPTH EXCEPT FOR THE 25 FOOT DEPTH FIGURE
FOR POOL 3. WHICH IS ITS MAXIMUM DEPTH AT ITS TYPICAL LONG TERM WATER. LEVEL.

2. POOL 4 IS COMP~ETELY FILLED WITH SLUDGE AND HAS NO SIGNIFICANT STORAGE CAPA·
CliY. AT THE TIME DAM NO.4 WAS BUILT, THE INITIAL CAPACITY OF POOL 4 WAS
ABOUT 15 ACRE-FEET.

3. DIRECT CONVERSION FROM ONE CAPACITY UNIT TO ANOTHER FOR A GIVEN POOL IS NOT
EXACT DUE TO ROUNDING.
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Pool 3, prior to the failure, was by far the largest of the pools. At

its typical long-term water surface elevation of 1,735 feet, the free

water capacity was 183.9 acre-feet or 14.6 and 6.0 times greater than

the capacities of Pools 1 and 2, respectively. At its maximum water

surface elevation of 1,753 feet, Pool 3 had a capacity of 392 acre-feet.

The shape of Pool 3 was that of an elongated triangle. It was 370 feet

wide at Dam No. 3 and about 1,600 feet long, and received drainage

from about 654 acres upstream of Dam No.3. In addition to natural

runoff, the preparation plant of the Buffalo Mining Company discharged

effluent through a 6-inch diameter pipeline into Middle Fork Valley.

The discharge point was near the No. 5 Mine entrance in Middle Fork

Valley, some 3,900 feet upstream from Dam No.3. This effluent,

amounting to 300,000 gallons a day, contributed about 200 tons per day

of solids. Photos of the sludge deposits in the upstream end of Pool 3

are included on Figure V-15 (Photos C and D). Pool 3 contained about

223,000 cubic yards of sludge before the failure.

Water exited Pool 3 by seepage through or under Dam No.3. The 24

inch spillway pipe was apparently installed above the long-term pool

elevation that could be achieved by seepage through the dam. This

pipe, when it did carry water, apparently discharged onto the downstream

face of Darn No.3, from which point the water would cascade down the

face of the dam and enter Pool 2.

Pool 4, since it was upstream of the failure, was unaffected by it.

Dam No. 4 was completed in 1969 and the pool filled with sludge and

silt fairly rapidly. Within a few months, Pool 4 was completely filled

with sediment and had virtually no water storage capacity. The surface

of Pool 4 has an area of 1. 34 acres, and the \"olume of sediment behind

the dam is estimated to be 24,000 cubic yards. Dam No.4 is relatively

impervious; the discharge from Pool 4 is largely confined to the open

channel spillway at the left abutment of Dam No.4.

93

WA.WAHl[R
&ASSOCIATES

V-2l



F. SPILLWAY PROVISIONS

None of the four dams in Middle Fork Valley was provided with

adequate spillways. The spillways of Dams 1, 2, and 3 were not included

in these dams through most of their construction period. Each dmu had

pipe spillways included at late stages. The spillway history of Dam

No. 4 is uncertain. We believe it may have been originally constructed

v;'ith no spillway, as were the other three dams, and that subsequent

high water carved the existing spillway by overtopping Dam No. 4 at

its left abutment (Figure V-l5A and B). A summary of the spillway

history of each of the Middle Fork dams is presented in Table V-3.

The dams, as originally built, relied on internal leakage to restrict

reservoir levels.

Insofar as we have been able to determine, in no case was a pipe spill

way installed with collars or baffles to prevent concentrated flow or

movement of fine waste along the outside of the pipe. The pipe materials

used appeared to be whatever was convenient to obtain at the tim~.

Apparently no analysis was made of the loads that might be imposed on

the pipes from traffic or heightened embankments. Neither was .my

study made of the hydrology of the watershed to determine a realistic

size, shape, and gradient of spillway for any of the four darns on the

Middle Fork. The spillway pipe for Dam No. 3 apparently discharged

on the downstream face of the dam; this is an unacceptable practice

for earth dams. The discharge of the Dam No. 3 spillway could have

had an adverse effect on the stability of the downstream slope,

although the extent of the effect cannot be stated with certainty. A

speculative interpretation of the postfailure spillway evidence is

presented in Chapter VII.
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TABLE V-3

SPILLWAY HISTORY SUMMARY
MIDDLE FORK DAIS, 1966 THROUGH 1971

APPROXIUATE
SPILLWAY WHEN INVERT ELEVATIONS

0;\1.1 TYPE SIZE PLACED REMARKS
UPS.TREAIA DOWNSTREAM

NO. 1 2 PIPES 24-INCH AFTER 1,654 1,651 DISCHARGED INTO DRAINAGE
DIAMETER 1966 DITCH AT RIGHT OF NO.5

t.llNE ROAD.

NO. 2 1 PIPE 3D-INCH EARLY 1,685 1,680 DISCHARGED INTO DRAINAGE
DIAMETER 1967 DITCH AT RIGHT OF NO.5

MINE ROAD.

NO. 3 1 PI PE 24-INCH APR IL- 1,745 1.740 PROBABLY DISCHARGED ONTO
01 A1ilETER JUNE DOliNSTREAM FACE.

1971

NO. 4 OPEN APPROX. 6 UNKNOWN 1,798 1,780 DISCHARGES ALONG LEFT
CHANNEL, FEET WIDE GROIN. MOST OF CHANNEL
UNLINED. BY 1.5 IS IN BEDROCK.

FEET DEEP.
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CHAPTER VI

POSTFAILURE APPEARANCE OF SITE

A. INTRODUCTION

The following discussion is presented in two parts. The first is

largely descriptive and utilize~ many pho~ographs; the second inter

prets the postfailure surface and subsurface conditions based on

geologi.c mapping and subsurface exploration, and is an introduction

to the detailed engineering analyses and interpretation of the failure

which follow in Chapter VII. This presentation sequence was chosen

to provide the reader with the clearest possible understanding of

the mutually supportive nature of interpretations derived from both

the field evidence and the engineering analyses.

B. DESCRIPTION OF SITE

The postfailure appearance of the site is best described with pictures

and maps. One of the most interesting aspects of the appearance of

Middle Fork Valley, which can be seen in mmlY of the photographs in

cluded here, is that the site is generally free of flood deposits

despite the fact that most of the valley floor was inundated. 1he

only large alluvial flood deposits in Middle Fork Valley are gravels

and sludge filling the Pool 1 area. Elsewhere in Middle Fork Valley,

the effects of the flood were largely neutral, with neither significant

erosion nor deposition occurring.

The postfailure appearance of Middle Fork Valley is discussed here

starting from the mouth of the valley and going upstream. MmlY

photographs show several features and are referred to in various parts
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of this report. 1be reader is referred to the photographs in Chapter V

which also show the appearance of site features. Most of the features

described below can be found on the geologic maps, Figures III-3A, B,

and C, and Figure VI-20. Figure A-I (Appendix A) shows the map loca

tion and camera view angle of most of the site photographs llsed in

this report.

The Frontispiece and Figure VI-l both show the large notch cut in the

refuse bank and the 2S0-foot long eroded section of haul road. Immedia

tely above the notch, the haul road is in good condition and was drive

able with no repairs, as shown i~ Figure VI-2. At Dam No.1, further

upstream, the only obvious remnants are the pedestal (Figure V-I) and

a small portion at the right abutment (Figure VI-3). Figure VI-3

also shows the gravel fill typical of PaolI, and a "raft" of sludge,

probably from Pool 2. Several sludge rafts are shown in Pool 1 on

Figure VI-20, and one was cut by a backhoe pit (Pit 11, Appendix A,

Figure A-6). The sludge rafts represent coherent masses of sludge

transported by the flood waters and deposited along with coarse waste.

Presumably, these sludge rafts were detached from the main mass of

Pool 2 sludge, which lies upstream and is shown on Figure VI-4. Some

small sludge patches on the refuse bank at Elevation 1,702 (Figure VI-5)

are believed to represent some of the highest Pool 2 sludge left by

the flood. Since the estimated prefailure surface of Pool 2 sludge

is about 1,67S feet, these patches were lifted over 25 feet from their

prefailure position. Figure VI-5 also shows the breach in Dam No.2.

The breach is about liD feet wide and 20 feet deep. A prominent high

water line was left by the flood at Elevation 1,709 along the left

sides of Middle Fork Valley and the refuse bank (Figure VI-6).

Looking directly upstream from the station wagon body shown on Figure

VI-4, Figure VI-7 shows the road to Dam No. 3 disappearing below the

mass of sludge which has moved downstream and over Dam No.2. This

contorted mass of sand- and silt-sized coal fines has been informally
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A~RIAL VIEW. ~ARCH I~, !972. OF THE NOTCH CUT IN THE REFUSE PANK BY THE FLOODWATERS
JASHEO LINE IS APPROXIMATE BOUNDARY BETWEEN REFUSE PLACED IN THE YEARS SHOWN
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HAUL ROAD ON RIGHT SIDE OF ~'IOOLE F VORK ALLEY, JUST ABOVE THE
VIEW LOOKING DOWNSTREAM
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IIRAFTII OF SLUDGE IN THE FLOOO

RIGHT
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ALLUVIUM FILLING POOL I.
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DAt~ NO. ,I

AERIAL VIEW OF "IIODLE FOR~ VALLEY, LDO~ING DOWNSTREAM FROM ABOVE DAM NO.2. THE TWO LENGTHS OF
24-INCH DIAMETER PIPE (LEFT OF THe STArlON WAGON BODY) ARE THE ONES BUFFALO MINING COMPANY
INTENDED TO INSTALL IN DAH NO. J AS A SUPPLEMENTAL SPILLWAY THE DAM FAILED BEFORE THE PIPES
COULD BE INSTALLED THE APPROXIMATE HIGH WATER LINE FROM THE FLOOD IS SHOWN ON THE REFUSE
BANK PATCHES OF SLUOG~ BELIEVED TO R"PRESENT THE HIGHEST POOL 2 SLUDGE, AT ELEVATION 1702,
ARE CIRCLED NEAR THE CENTER THE MAIN MASS OF POOL 2 SLUDGE (BOTTOM OF PHOTO) WAS EMPLACED BY
BEING PUSHEO BY A MASSIVE SLIDE OF DAM NC. 3 EMBAN~MENT INTO POOL 2. THE PATCHES PROBABLY
WERE DETACHED FROM THE MAIN BODY OF SLUDGE AND EMPLACED BY THE FLOOD WATERS FOR A CLOSE-UP
VIEW OF THE HIGH WATER LINE. INDICATED BY THE SOLID ARROW, SEE FIGURE VI-B. THE ROAD
HAS BEEN CLEARED OF SLUDGE; COMPARE THIS VIEW (lA~EN MARCH 15, 1972) WITH THE SOMEWHAT
MORE EXTENSIVE SLUDGE DEPOSITS SHOWN IN FIGURE VI-19, TAKEN FEBRUARY 2B. 1972. THE OPEN
ARROW POINTS TO THE SMALL STREAM TERRACE SHOWN C'.OSE-UP IN FIGURE VI-27C.

'"l J \-1, :..~.
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FIGURE VI-G



CREST OF DAM NO. 3
AT LEFT ABUTMENT
REMNANT

T~5~':~:';i"~/~:F

LEFT SIDE OF ~IOoLE FORK VALLEY. LOOKING UPSTREAM FROM THE UPPER END OF THt REFUSE BANK NOTE
POOL 2 SLUDGE COVERING THE ROAD TO DAM NO 3. PHOTO TAKEN FEBRUARy 29. 1972 THE THREE
HIGHEST STREAM TERRACES CARVED IN DAM NO.3 BY THE FLOODWATERS ARE INDICATED BY T-3, T-4.
AND 1-5. H.W.L. =HIGH WATER LINE FROM FLOOD

WA. WAHlfR
&ASSOLlfIlf~
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FIGURE VI-7



called lithe roiled area" by many observers because of its similarity

in appearance to a swiftly flowing turbulent stream. Figure VI-8

shows the roiled area (Pool 2 sludge) from the upstream side. Figures

VI-9 through VI-12 show some of the structure and characteristics of

the roiled area sludge, and its contact relationships with the trans

lated mass of Dam No. 3 embankment upstream of it. The Pool 2 sludge

in the roiled area is broken into a group of blocks, most of which

are folded and tilted. The detectable outlines of the major blocks,

and geologic mapping indicating the structure of the blocks, are

shown on Figure VI-20. Figure VI-9 shows one of the major blocks.

Gentle, broad folds in the roiled area are shown on Figure VI-lO. The

susceptibility of the sludge to erosion is illustrated on Figures VI-II

and VI-12, illusLrating both surface and subsurface erosion.

The contact between Dam No. 3 translated embankment and Pool 2 sludge

is shown on Figure VI-20. Exan~les of its outcrop are shown in

photographs on Figures VI-13 and 14 and in the logs of many backhoe

pits (Appendix A). On Figure VI-13, the contact dips downstream very

steeply, and may be overturned. Generally, in other areas, the contact

dips upstream or has some component of upstrean dip (Figures VI-20

and A-6). Although the contact itself generally dips upstream, the

sludge downstream of the contact generally dips downstream, as shown

on Figure VI-14.

South of hole 5-19 is an outcrop of great interest. It illustrates

(Figure VI-IS) local scour and subsequent d~position by the floodwaters

and clearly shows coherent beds of mixed fine and coarse coal waste,

interpreted to be a coherent mass of Dam No. 3 embankment. This section

of embankment rests in the former Pool 2 area at an elevation several

feet above the prefailure Pool 2 water surface lev~l. The veneer of

relatively coarse material deposited by the flood was present over

nearly all the stream terraces cut into Dam No. 3 embankment remnants.

-t n~.,L\.........
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~OOL 7 SLuDGE DARK AR<I I~ MIOOLEGqOUND\ AND IRANSLATED ~AM NO ] EMBANKMENT GRAVELS AT RIGHT.

AELOI'! SLOPE VI~W rqOM ROAD ABOVE PUOL 2 AI LtFT SIDE OF VAllEY THE HI~H ~ATEn LINE IS SHOWN

HERE AT APP~OXIMATo ElEVATQN 1112. '\YI'BOLS SHOW lOCAIIONS OF SECONDARY LANDSL,DE C~Acr,S

II! TRANSLAIfJ 1M' ~10 :1 FI10ArW.~~NT GRAVEL THE MAIN SLIDE MASS flOVED oO'/i:~STREA'~ (DIAGONAllY

TO THE UPPED lEFT '" THE PHOTOi. PUSHING THe DARK POOL 2 SLUDGE IN FROlli uF IT IJIGHEO

PDRIIUI'S OF IHr ~RM·SL.TEJ E"BAIH.'IENT ON THE LEFI SIDE OF POOL !. JUST OElOW THE HIGH WATEr.

liNE 1"1 THE 'C"'.JIJ [HU' SLID TOwARDS THE CE,dCR OF MIDDLE FORK VALLEY FIGURES VI-9
THROUGH VI-14 hERE IMU. IN IHE POOL ;' SLUDGE UR "ROllEO AR':.", SHOWN ABOVE FOR

ArWTHER VIEW OF THE HIGH wATFR liNE SHOWN HERE. S[E FIGURE VI··25A.

WA WAHlfH
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PORT I ON OF THE " ROI LEO A,~EA" Of TRANSLATEO Poo'_ 2 SUOGE THE SMOOTH, Fl.~T AP.EA IS ONE
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GENTLE FOLDS IN THE" " RO I LEO AREA I1 OF

IN TH E
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POOL 2 SLUDGE
ANTICLINE IN THEnETAILS OF THE

BACKGROUND

FIGURE VI-I 0
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SHALL PEDESTALS IN THE POOL 2 SLUOGE. PH 0TOT AKEt! r. UGUS T 2. 1Q72 . THE sur. FACE 0F THE SLIJ 0GE "I AS
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ORIGIN~LLY t;EAR THE OOTTOI~ OF THE iiOCI( CAPS OU THE PEDESTALS. RAIN SINCE THE FLODD f;AS [RGwED

ABOUT 0.2 FOOT OF SLUDGE.
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ENTRANC E TO SUBSURFACE CHANNEL IN POOL 2 SLUDGE

J ,
, I
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STEEPLY DIPPING CONTACT OF POOL 2 SLUOGE AND DAM NO. J EMBANKMENT GRAVELS AREA IS AT THE 82° o~p

SYMBOL UP~TREAM FROM THE DAM NO.2 BREACH ON FIGURE VI-20.

WA WAHUR
& A~~~CIAH~ FIGURE VI-13
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PHOTO A. CONTACT OF POOL 2 SLUOGE ANO TRANSLATED

DAM HO. 3 EMBANKMENT GRAVEL" VIEW TOWARO DAM
NO. 2 BREACH. TAKEN ABOUT 50 FEET OOWNSTREAM OF
HOLE S-14. XMARKS PHOTOGRAPHER"S LOCATION FOR
PHOTO C. BELOW.

PHOTO B. POOL 2 SLUDGE OVER DAM NO. 2
EMBANKMENT AT TME BREACH OF DAM NO.2.

PHOTO C. CONTACT OF POOL 2 SLUDGE (4T RIGHT) AND
TRANSLATED DAM NO.3 EMBANKMENT GR~VEL. LDOKING
TOWARDS LEFT ABUTMENT OF DAM NO.3. TAKEN FRDM
LOCATION MARKED IN PHOTO A. ABOVE. NOTE DOWN
STREAM DIP OF BEDDING IN SLUDGE, MARKED BY
SHORT SECTION OF THE RULE,

w'A. WAHlfR
&ASSO~IAHS

P~IOTO D.
CONT ACT

IRREGULAR PORTION OF SLUDGE-GRAVEL
(MIDDLE GROUND AREA OF PHOTO A).

112

FIGURE VI-14



PHOTO OF STREA'~ BANK 40 FEET SOUTH OF HOLE S-19. THE TOP I-I = - : FEET ARE RELATUELY CLEAN

GRAVEL OEPOS 11EO SY THE FLOOD I'IATERS 5ELOl'i THE SCOLIR L tNE I S A CuHERENl I. BliT TRANSLATED AND

ROTATED) PORT ION OF THE JAr~ tWo 3 E\\BANKf'ENT THE \\IDDLE OF THE PHOTO I S AT APrROX 'HUELY

:LEVATION 1690. PliTTING IT 5 FEET ABOVE THE WATER SURFACE Of POOL 2 WHICH FORMERLY EXISTEO HERE

WA. WAHUR
&ASSOCIAlfS FIGURE n·!~,



In places, the clean coarse material was several feet thick and, where

this thick, it probably represents fill in local channels cut by the

flood.

1be left abutment remnant of Dam No. 3 is shown on Figures VI-16 and

VI-17. Many shallow slides cover the northeast-facing slope of the

remnant.

The large circular feature at the base of the left abutment remnant

(Figure VI-17) is not only reminiscent of a sinkhole-like structure,

but contained.dozens of small (1 to 3-foot diameter) sinkholes shortly

after the failure. Only one sinkhole remained through early April,

and it was filled in by intermittent flooding by mid-April 1972. Two

other sinkholes or "sumps" were reported by Davies and others (1972b),

only one of which remained by the time we began our field work--i ts

location is about 50 feet downstream of drill hole BS-14. The sink

hole or sump was semi-circular, about 6 feet in diameter, and 4 feet

deep. Although we cannot fully explain the origin of these features,

they are undoubtedly associated with the occurrence of subsurface flow

during or after the failure sequence.

The right abutment remnant of Dam No. 3 (Figure VI-18) is much smaller

than the left. Its upstream portion was entirely removed by flood

water, indicating the flood flowed here for a considerable time.

However, the bedrock is only slightly scoured -and eroded. Figure VI-18

also shows numerous trees that were buried by coal refuse as Dam No. 3

was constructed.

An overall aerial view, looking downstream (Figure VI-19) completes

the discussion of the site description. This photograph, taken

February 28, 1972, shows remarkably well the extent of the roiled

area (Pool 2 sludge), the left and right abutment remnants of Dam No.

3, and the stream terraces carved in Dam No. 3 remnants. The prefailure

outlines of the dams and pools have been superimposed on the photograph.

1.1·1
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DOWNSTREAM PORTION OF LEFT ABUTMENT REMNANT OF DAM NO, 3, FEBRUARY 29. 1972. THE LOW,
SCOUREO MOUNO IN THE CENTER EXTENDEO TO THE RIGHT OURING THE FIRST STAGES OF THE
FAILURE IN THE FINAL EMPTYING OF POOL 3, THE MOUNO WAS DISECTED BY MIDDLE FORK AS
SEEN HERE

W.A. WAHlfR
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FIGURE VI-16



CENTRAL AND UPSTREAM PORTIONS OF THE LEFT ABUTHENT RCHN~NT OF DAM NO 3. FEBRUARY 29, 1972.
NOTE THE CONTRAST BETWEEN THE LIGHT, RELATIVELY SANO-F?EE STREAM TERRACES ANO THE DARK
EMBANKMENT HATERIAL PORTIONS OF THE SURFACE OF DAM NO 3 WhiCH HAVE SLIO TOWARD THE
VIEWER ARE READILY IDENTIFIABLE BY THE HIGHLIGHTS ON T~EM (CIRCLED). THE LARGE CIRCULAR
FEATURE AT THE BASE OF THE ABUTMENT REMNANT (RIGHT CENTER) CONTAINED SINKHOLE-LIKE
CAVITIES. ONE TO FOUR FEET IN DIAMETER. SINCE FILLED IN

I'
i:: ~

W. A. WAHlfA
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RIGHT ABUTMENT OF DAM ND. 3. THE DASHED LINE INDICATES THE PRCE~BLE LOCATION OF THE
UPSTREAM EMBANKMENT CONTACT WI1H THE VALLEY WALL.
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FIGURE VI-IS



AERIAL VIEW OF ~.lIODLE FORK VALLEY LOOKINC DOWNSTREAM THE PREFAliU~E

DAMS AND POOLS HAVE BEEN ADDED PHOTOGRAPH TAKEN FEBR~ARY 28, 1972.
COURTESY OF WEST VIRGINIA ~EPARTMENT OF tlGHWAYS )
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OUll.JNES OF THE

( PHOTOGRAPH
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C. INTERPRETATION OF POSTFAILURE APPEARANCE

Interpretation of the features described above is based on surficial

geologic napping in combination with data derived from subsurface

exploration. Figure VI-ZO is a detailed geologic map of the area from

just downstream of Dam No. I to just upstream of Dam No.3. Plotted

on the map are the postfailure distribution of geologic units (in this

case, they are mostly man-made fill and flood deposits), the locations

of exploration features (drill holes, pits, density tests, etc.), and

the locations of the cross sections presented on Figures VI-21 through

VI-24. Several of the photographs herein, particularly the Frontis

piece and Figure VI-19, will assist the reader in understanding the

contact relations shown on the geologic maps and cross sections.

Drill hole logs and field test results are presented in Appendix A.

Features of principal interest on Figure VI-20 are the roiled area of

Pool 2 sludge and the contact between it and the translated mass of

Dam No. 3 embankment. Map symbols show the structure of the roiled

area, and it is also shown on many photograp~s herein (especially

Figures VI-9 through VI-12). The contact between the Pool Z sludge

and the translated Dam No. 3 embankment was explored with backhoe

pits, the locations of which are indicated on Figure VI-20. Logs of

the pit walls are included in Appendix A (Figure A-6); typical photo

graphs of pit walls are presented on Figure A-4. The roiled area

consisted of elongated blocks of Pool 2 sludge which were formed

during and after the downstream translation of the slide mass from

Dam No.3. This slide mass pushed the Pool 2 sludge ahead of it,

shoving some of it over Dam No.2. As a result of this movement, the

Pool 2 sludge was folded into a series of anticlines (upwarps) and

synclines (downwarps), and at the same time broken into a group of

steep-sided blocks which jostled about and slid past one another.

Some of the sludge later moved through the Dam No. 2 breach (Figure

V-2) into the Pool I area, and other portions entered Pool I by over

topping Dam No.2. Just left of the former location of the downstream

:119
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EXPLANATION

GEOLOGIC UNITS

FA FLOOD ALLUVIUM (THIN VENEERS IN CHANNEL SECTION OF DAM No.3 NOT SHOWN)

SA STREAM ALLUVIUM

S-I.2.3 SLUDGE OF POOLS I, 2, AND 3, RESPECT IVELY

ROIOFlll

COIL
"STE

REFUSE
BIN!

0-1. 2. 3 REMNANTS OF DAMS I, 2, ANO 3, RESPECTIVELY
1----;

REFUSE BANK, FORMS PORTIONS OF DAMS 1 AND 2
1----;

ROAO FILL(ONLY MAJOR UNITS SHOWN)
1----;

LOCAL DUMP EO COAL REFUSE

~~ I~!~J Kl\NAWHA SERIES, SHOWING COAL SEAM (SEE TEXT)

STRUCTURAL UNITS

---7-..... CONTACT BETWEEN UNITS, APPROXIMATELY LOCATED; QUESTIONED WHERE DOUBTFUL
OR SPECULATIVE; DOTTED WHERE CONCEALED.

LANDSLIOE. ARROWS INDICATE DIRECTION OF MOVEMENT; HEADWALL SCARP INDICATED
BY HATCHURED AREA.

LANDSLIDE CRACK (HATCHURES ON LOWER BLOCK)

~-_ FRACTURES AND BLOCK BOUNDARIES IN ROILED AREA (SHORT HATCHURES ON LOWER BLOCK
~-- WHERE ELEVATION DIFFERENCES EXIST;LINES DASHED WHERE DOUBTFUL.)

-116601-1_ STRUCTURE CONTOUR ON BASE OF TRANSLATED DAM No.3 EMBANKMENT MATER IAL
(QUESTIONED WHERE SPECULATIVE).

"(6 STRIKE ANO DIP OF BEDDING "'Q..86 STRIKE AND DIP OF JOINT

~+ STRIKE OF VERTICAL BEDDING 85 INTERSECTING JOiNTS

ApPROXIMATE OR GENERALIZED
85e........,,85

_1- -e- STRIKE DF VERTICAL JDINTSATTITUDE OF BEDDING.

E9 HORIZONTAL BEDDING + SYNCLI NE

+ OOME + ANTI CLINE

EXPLORATION SYMBOLS

CONE PENETROMETER (P) ~ND/OR VANE SHEAR (V)
.S-22 SAMPLED DRILL HDLE DBC-J FIELD TEST, BC-2 =PENETROMETER OR VANE

PV-2
SHEAR TEST IN VICINITY OF DAM No.2, Be-3

oBS-IB UNSAMPLEO DRILL HOLE IN VICINITY OF DAM NO.3 OR POOL 3, ETC.

t!:!.!l BACKHOE PIT
FO-41 FIELD DENSITY TEST•

/P-I4A
A AI

LINE OF CROSS SECTIONFIELD PERMEABILITY TEST 4--J

IftJA WAHl[R COAL REFUSE DAM FAILURE GEOLOGIC AND EXPLORATION MAP
,.. [ SAUNDERS, WEST VIRGINIA DAM NO.1-DAM NO.3 AREA
& ASS~CIAHS +-......:..:PR.:.;.O~JE~CT~N:.:..:O~.--41__-=o.:.:..AT:.:.E__+-I....:..F..:.:'G~UR~E~N:.:.O:....-I
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toe of Dam No.3, a sliver of Pool 2 sludge was displaced laterally

and upward to the left as the slide mass moved downstream. This

area is shown on Figure VI-25, Photo C, and represents an important

piece of evidence indicating a massive slide failure of Dam No.3.

The mapped contact between translated Dam No. 3 embankment a~d Pool 2

sludge (Figure VI-20) has a sinuous shape. This unusual configuration

results chiefly from two factors: 1) the contact is irregular because

it incorporates earlier Dam No.3 failures, and 2) the contact was

warped near the breach of Dam No. 2 as a result of the forces carrying

both sludge and gravel through the breach. The contact and sludge

beds on Figure VI-13 may, in fact, have been rotated slightly beyond

the vertical. While the outcrop pattern of the embankment-sludge

contact is defined by both the surficial exposures and the shallow

backhoe pits, its subsurface location was defined best by drill holes.

The bottom surface of the translated mass of Dam No. 3 embankment

is defined by stru~ture contours on Figure VI-20. These contours are

based on drill hole data, slide geometry, depth to bedrock, and the

thickness of the sludge below the dam; they are, therefore, interpretive.

In cross section A-A' on Figure VI-2l, the embankment-sludge contact

is defined by drill hole evidence. The approximate prefailure outline

of Dam No. 3 embankment is also shown. It is tempting to think of the

embankment-sludge contact line on section A-A' as a single or unique

slide plane, purely on the basis of observation. Indeed, interpretation

of the contact shown on that section as the main failure surface is

generally supported by the engineering analyses presented in Chapter VII.

However, the structure 'contours on Figure VI-20 represent conditions

after all slidiIlg had ceased, and the surface they define is the final

failure surface; that is, the main failure surface as modified by

subsequent failures. A determination of the failure sequence of Dam

No. 3 must rely on field observation and engineering analyses and also

take into account salient points of eyewitness reports. Our step-by-step

account of the failure of Dam No. 3 is presented in Chapter VII.
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Cross section B-B' (Figure VI-22) is drawn along the crest of Dam No.3.

It defines the valley walls of Middle Fork Valley below the dam, and

also shows how the dam was constructed over layers of sludge in pre

existing pools. The prefailure profile of the dam crest is also shown.

Sections C-C' and D-D' on Figures VI-23 and VI-24, respectively, illus

trate Dam No.2. Figure VI-26 is a diagrammatic sketch of Middle Fork

Valley, postfailure.

One final aspect of the field evidence remains to be discussed in this

chapter: the stream terraces carved in Dam No. 3 embankment by the

flood water. The aerial view on Figure VI-19 makes some of the stream

terraces obvious by their varying tones. Other photographs (Figures

V-7 and VI-27) show the terraces as seen on the ground. For our purposes,

a stream terrace is defined as a former stream channel; a place where

water formerly flowed. They are identified by the presence of alluvial

deposits typical of stream channel bottoms, and by their character~stic

shape in profile. Scour action has reworked the inundated portions of

Dam No. 3 to depths of about 2 feet as shown on Figure VI-15 and re

moved most of the fine-grained fraction, leaving a clean veneer of

coarse material. Thus, the embankment areas formerly covered by flood

waters are readily identifiable (Figure VI-17). As the flood flow

decreased, it could not occupy the entire width of its original channel

and eroded successively narrower channels, leaving remnants of the

older channels "high and dry." These remnants have been delineated on

Figure III-3B as stream terrac~s I through 5; tetrac~ I being the lowest

and most closely related to the present channel, ~ld terrace 5 being

the highest and earliest formed terrace. Of course, other terraces

could have been formed and then destroyed. Nonetheless, by analyzing

the plan and profile of the mapped terraces, the final stages of the

flood flow from Pool 3 may be outlined.
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PHOTO A. SECONOARY SLIOES OEVELOPEO ALONG
LEFT SlOE OF POOL 2 IN TRANSLATED DAM NO.3
EMBANKMENT, ARROW INDICATES HIGH-WATER
LINE OF FLOOD WATER AT ABOUT ELEVATION 1711
17\2. fiGURE VI-B WAS HKEN FROM THE
TOP OF THE SLOPE JUST OUT OF VIEW AT THE
UPPER LEFT

PHOTO C. POOL 2 SLUDGE IN LEFT FOREGROUND.
DAM NO.3 EMBANKMENT SLIDE ON RIGHT. PHOTO
TAKEN JUST DOWNSTREAM OF THE FORMER LOCATION
OF LEFT TOE OF DAM NO.3. ARROW INDICATES
DIRECTION OF MOVEMENT OF THE SLIOE,

W.A. WAHl~A
&ASSOCIAHS

PHOTO B. POOL 2 SLUDGE ON BRANCH AT APPROXI
MATELY ELEVATION 1700, 50 FEET SOUTHEAST OF
HOLE 8S-5.

PHOTO D. HIGH-WATER LINE (ARROW) ON SIDE OF
REFUSE BANK SOUTHWEST OF HOLE 5-13.

FIGURE VI-25



MIDDLE FORK V~LLEY. POSTFAILURE
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PHOTO A. PHOTO TAKEN AT RIGHT OF HOLE S-II,
LOOKING OOWNSTREAM. ENTIRE TERRACE AREA
IS LARGELY FREE or SANO AT SURFACE; THE
FLOOO WATERS SCOURING THE BOTTOM REMOVEO
MOST OF THE SAND, TYPICALLY TO DEPTHS OF
2 TO 4 FEET.

PHOTO C. INCIPIENT STREAM TERRACE DEVELOPED
ON REFUSE BANK BY FLOOO WATER, NEAR HIGHEST
POOL 2 SLUDGE (FIGURE VI-4). AREA IN FRONT

OF LINE IS THE SAME TERRACE. BUT IS COVERED
WITH A LAYER OF POST-FLOOD FILL.

W. A. WAHlfA
& ASSO~IAHS

PHOTO B. FLOOO STREAM TERRACES NEAR FORMER
TOE OF OAM NO.3, LOOKING TOWARDS LEFT
ABUTMENT REMNANT OF DAM NO. 3 FROM NEAR
HOLE S-lB. STAKE AT TOP OF MOUND ON
TERPACE 3 IS AT HOLE S-11. FOR MAP OF
TERRACES. SEE FIGURE 111-3B.

PHOTO D. TERRACE 5 AT EXTREME UPSTREAM END
OF DAM NO. 3 LEFT ABUTMENT REMNANT. FOR
MAP OF TERRACES. SEE FIGURE 111-3B,

:1~~9

FIGURE VI-27



CHAPTER VII

REFUSE DAM FAILURE

A. GENERAL

As a part of our overall investigation of the failure of Dam No.3,

a number of different studies were performed in order to arrive at

the conclusions presented in this report. The principal objectives of

this chapter are to present a detailed discussion of the engineering

properties of the materials comprising the waste dams and their founda

tions, the engineering analyses performed during the course of our

investigation, our conclusions regarding the sequence of e\,ents which

led up to the ultimate failure of the dams, and a descrip cion of the

most probable failure mode.

B. MATERIALS PROPERTIES

1. General

The behavior of soils and related materials such as coal waste is

largely controlled by their engineering properties which, in turn, are

influenced by particle structure, density, and degree of saturation.

By means of physical testing, the effects and interaction of mineral

composition, rheology, chemistry, mineralogy, particle arrangement,

density, strength, intergranular contact, etc., can be evaluated.

When evaluating a dam failure, a major effort is always required to

develop a coordinated program of laboratory and in situ materials

testing in order to establish the basic soil engineering properties

which are fundamental data input for the engineering analyses. Such

a program was conducted for materials comprising the dams and founda

tions in the Middle Fork Valley to permit analysis of the conditions

leading to dam failur~.

1.30
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The determination of physical properties involves not c.~ly the perfor

mance of appropriate tests, but also the application of considerable

judgment to interpret and evaluate materials property test results.

The field investigation, discussed in detail in Appendix A, was pro

grammed to establish the materials composition and distribution within

the dam embankments and foundations. The laboratory investigation,

described in detail in Appendix B, was programmed to develop the per

tinent soil engineering characteristics of the various coal waste

materials for use in the engineering analyses.

All test results are compiled in Appendices A and B. The following

types of tests were performed.

Index Properties

1. Soil Classification

2. Particle-Size Distribution

3. Atterberg Limits (Plasticity)

4. Specific Gravity

5. Moisture Content and Density

Engineering Properties

1. Permeability (Field and Laboratory Determination)

2. In Situ Shear Strength (Vane Shear Method)

3. Penetration Resistance

4. Triaxial Shear Strength

a) Effective Stress

b) Total Stress

5. Critical Hydraulic Gradient

6. Compressibility

:131
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1.32

2. Emb ankmen ts

While design, selection, and distribution (zoning) of embankment materials

all influence and play important roles in the post-construction stability

and peLformance of a dam, only through proper construction techniques

can the satisfactory behavior of the material be assured. For any

given soil with a specified gradation, all of the engineering properties

listed above vary, depending upon the in-place density. The more com

pact a material, the lower is its permeability and compressibility,

the higher its strength parameters and penetration resistance, and the

higher its critical hydraulic gradient. Since anyone of these proper

ties can cause insta~ility, if inordinately low or high, it follows

that construction methods and techniques are of primary importance to

long-term dam stability.

As discussed in Appendix A, it was difficult to obtain good undisturbed

samples of the remaining portions of the embankments because of their

coarse material composition. Additionally, because major portions of

the embankments were removed by the failure, the field testing was

necessarily performed in rather limited areas defined by the left and

right embankment remnants. Even with these difficulties, however,

the correlation of embankment engineering properties between samples

obtained by various methods was satisfactory.

The average gradation characteristics of the embankment materials for

Dams 2 and 3 were determined from a total of 34 gradation tests, of

which 18 were performed on undisturbed tube samples, and 16 were per

formed on disturbed samples such as those obtained from field density

tests. The results of the gradation tests are presented on Figure VII-I

in the form of the total range of all tests and the average gradation

as determined from undisturbed and disturbed samples. As noted on

Figure VII-I, the average gradations for the coarse-grained coal waste

embankment naterial, as determined by the two sampling methods, are

remarkably similar.
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A review of the in-place dry density test results also shows a very

good correlation between those obtained by undisturbed 3-inch diameter

tube samples and those of the l2-inch diameter field density samples.

Figure VII-2 delineates the distribution of dry density by occurrence

frequency obtained from undisturbed drill hole samples while Figure

VII-3 presents the frequency distribution of dry density for both the

3-inch diameter tube samples and the in-place field density testing.

In determining the specific gravity of the embankment material, it was

necessary to use a weighted average of the various percentages of

materials present because of the difference in specific gravity between

the shale and coal fractions of the material. The weighted average of

the specific gravity for the embankment, as determined from the data

presented in Table B-4, is 1.95. The weighted median value of specific

gravity is also 1.95, where embankment materials gradations are typically

in the range of 65 percent finer than No. 4 sieve, 20 percent between

the No. 4 to 3/4 inch, and 15 percent greater than 3/4 inch.

The permeability character'istics of the embankment materials were

determined by evaluating the construction methods, by observations

at the site, and from field and laboratory test results. ThiG deter

mination indicates that it is unlikely that any significant difference

between the horizontal and vertical permeability existed in the original

embankment. Furthermore, because a reported 300,000 gallons per day

inflow to Pool 3 was maintained for prolonged periods without signifi

cant fluctuation of the reservoir surface, a significant flow through

the embankment was occurring. The results of the field permeameter

and laboratory tests, presented in the Appendices on Table A-I and on

Figure B-7, as well as permeability coefficients calculated from the

known discharge through Dam No.3, indicate a range for all values
-2 -5 -4

between 10 and 10 em/sec with a typical value of 2 x 10 em/sec.
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The characteristics of the coarse coal waste materials used for con

struction of the refuse dams were not constant. The coal refuse was

extracted from the Kanawha Series which contains shales found to

exhibit intense slaking when subjected to cycles of wetting and drying.

There is some evidence that shale slaking also occurs even in the

waste pile. When larger shale particles slake (Figure VII-4), the

brea..~down is occasionally to thtn platelets, some to 1/8 inch thick

and three to six inches on a side. More commonly, the shale dis

integrates to roughly equidimensional particles of about 1/8 inch

on a side and further weathering proceeds to form clay particles.

lbese phenomena, however, did not appear to adversely affect the

ability of Dam No.3 to drain freely under normal inflow conditions.

As mentioned in Chapter VI, the refuse bank was ~urning at both its

downstream end and near Pool 1 at the time of the failure. However,

since Dams 2 and 3 remained qu:i.te wet through most of their life,

ignition did not occur, and the characteristics of burned coal waste

material are, therefore, not pertinent to the analysis of Dams 2 and 3.

Shear strength characteristics for use in the detailed stability analyses

were determined b; _esting both undisturbed field samples and laboratory

fabricated samples. Furthermore, undisturbed samples were tested in

our portable laborat01:y in Logan, West Virginia as well as in our main

Palo Alto laboratory in an attempt to determine if there was any

reduction in strength due to conventional shipment and handling of

samples. The laboratory fabricated samples were tested and the results

compared with those fr'Jm the undisturbed samples in order to determine

what influence, if any, could be associated with the m~thod of construe'"

tion as it influenced the structure or orientation of individual particles.

Obviously, any inherent or built-in structure exhibited by the coarse

grained embankment material would be observed in the undisturbed samples

and not in the laboratory fabricated samples.

1.37
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PHOTO A. SLAKING SH4LE ON LEFT ABUTMENT REMNANT
OF DAM NO.3. A RARE MODE OF SLAKING ON THE
SITE, THE SHALE HERE SLAKES INTO BRITTLE PIECES
ABOUT 1/16 INCH THICK FOR SCALE, PEN IS
6 INCHES LONG,

PHOTO B. SLAKING SHALE ON LEFT ABUTMENT
REMflANT OF D~jM NO.3. FAR MORE COMMOll THAN
THE SLAKING MODE ILLUSTRATED ABOVE, HERE
THE SHALE SLAKES INTO PUNKY,SOFT FRAG~ENTS

LESS THAN 1/2 INCH LONG, FOR SCALE, lENS
CAP IS 2-3/8 INCHES IN DIAMETER.

FI GURE V11-4



Two strength envelopes were developed based on consolidated undrained

triaxial tests on fabricated samples and six additional envelopes

were developed based on triaxial testing of undisturbed drill hole

samples. Figure VII-5 represents the total and effective shear

strength envelopes resulting from a comparison of all eight individual

envelopes. A distinct trend was defined in the variation of the total

stress envelope with respect to initial dry density. This approximate

variation is indicated by the dashed envelopes on Figure VII-5.

The engineering properties of the embankment materials used in the

engineering analyses are summarized below:

EMBANKMENT MATERIALS

Engineering Property Value Used in Analyses

Dry Density 90 pcf

Wet Density 106 pcf

Coefficient of Permeability 2 x 10-4 cm/sec

Permeability Ratio
(Horizontal to Vertical) 1:1

Specific Gravity 1.95

Shear Strength Parameters

Effective St~ess For Normal Stress less than 16 psi

</>' 41
0

C' 0

W.A.WAHlfR
&ASSOCmlfS

For Normal Stress greater than 16 psi

</>' = 34
0

C' 500 psf

Total Stress </> 170

C = 700 psf

1."}9v
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i,IOTES; (1) THE ENVELOPES SHOWN REPRESENT THE AVERAGE SHEAR STRENGTH CHARACTERISTICS
OF 19 UNDISTURBED AND 6 LABORATORY FABRICATED SAMPLES.

(2) SEE APPENDIX 8 FOR DETAILED RESULTS.
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The engineering properties of the embankment materials referenced

above do not exhibit exceptionally unusual characteristics when compared

to soil-like material conventionally used for earth dam construction.

Furthermore, the engineering properties of the coarse-grained embank

ment materials were not notably affected by conventional transportation

of field samples, and no significant difference was found in the shear

strength parameters for both undisturbed and laboratory fabricated

samples at equal densities.

3. Foundations

As discussed previously, the materials providing foundation support

for Dams 2 and 3 were deposited by discharge of coal waste sludge into

Middle Fork from Buffalo Mining Company No. 5 Preparation Plant. The

discharge point into Middle Fork Valley was about one mile upstream of

Dam No.3. The discharge was first ponded behind (upstream) Dam No. 1

in the Middle Fork Valley upon a thin layer of alluvium; drilling

data indicated that the alluvium varies between two to six feet in

thickness and is underlain by the very hard and competent bedrock of

the Kanawha Series. When the level of sludge approached the crest eleva

tion of Dan! No.1, Dam No. 2 was constructed upstream upon the coal

waste sludge which had been retained behind Dam No.1. This same

scheme was employed for Dam No. 3 except its location was such that

coal waste sludge impounded by both Dams 1 ~d 2 was contained in

its foundation. Broken trees and in-place tree stun~s were observed

at the foundation level of Dam No. 3 after failure (Figure VI-18)

indicating that the sludge waste was ponded without prior stripping

of trees and debris.

Drilling and sample extraction in the sludge deposits did not encounter

unusual difficulties, although some modifications to standard procedures

were required to minimize sample disturbance and to maximize sample

recovery. These modifications are described in Appendix A. For

1/11
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similar reasons discussed previously, some of the foundation sludge

samples were tested in our portable laboratory while the remaining

samples were shipped to our main laboratory. It became evident after

completing the initial testing that, because of the rather low specific

gravity of the fine-grained foundation sludge material, the thickness

and in-place density of the sludge would be of particular significance

in the analysis of foundation stability. Based upon historical develop

ment of darns and sludge pools in the 'Middle Fork Valley, both portions

of the two-layered foundation beneath Darn No. 3 were expected to have

similar behavioral characteristics.

Composite gradation curves for representative foundation sludge materials

are presented on Figure VII-6. These materials are described.. ,as sandy

silt to silty sand ulder the Unified Soil Classification System. For

the solid portion of the coal waste sludge pumped from the No. 5

Preparation Plant, and typically the material providing foundation

support for Dams 2 and 3, an average specific gravity of 1.43 was

obtained, with a range of 1.34 to 1.66. The higher values represent

materials having less coal content and higher proportions of the Kanawha

shales and sands tones.

A number of in-place dry densities were determined by laboratory testing

of Shelby tube samples in order to evaluate the relative compaction of

the foundation sludge material. Only a limited number of field density

tests were performed because of unavailablity of these materials as

a result of the flooding associated with the dam failure. Regardless,

however, the field density tests did confirm the range of dry density

variation obtained fr.om undisturbed samples. The in-place dry density

data are presented in Appendix B, Figure B-1 and summarized on Figure

VII-7.

The maximum dry density for a representative sample of the foundation

sludge material was determined to be only 57 pounds per cubic foot.

1/12
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This test was performed in accordance with standard methods as described

in Appendix B t.mder "Compaction Tests." The ponding method of disposal

utilized at this site resulted in in situ dry unit weights which com

pared fairly well wi th maximum dry unit weights attained by standard

laboratory compaction methods. The relative compaction values, which

express the ratio of in situ dry density to laboratory maximum dry

density, averaged slightly above 90 percent and varied from about 83

to 105 percent.

Figure VII-7 illustrates the predominance of dry density values

in the range of 45 to 55 pounds per cubic foot, with a median of 54

pounds per cubic foot. The proportion of coal in a sample influences

the specific gravity of a material, therefore, it is reasonable to

expect wide variations of in situ dry densities. Unless a laboratory

maximum density test is conducted for each sample, it is possible that

these variations may indicate inordinately high or low relative com

paction values for any given sample. Since it was physically impossible

to retrieve a sufficient quantity of material for a standard laboratory

compaction test from each specific location, other methods of evalua

tion were considered,. In situ vane shear and cone penetrometer tests

were performed in an attempt to make a qualitative evaluation of

the density variations in the sludge deposits. Although these methods

were not completely successful, the data obtained did confirm that the

sludge materials were in a relatively dense state. These in situ test

methods are described and a discussion of test results presented in

Appendix A.

A complete review of all collected data regarding the in situ density

of the foundation sludge material indicates that this material, because

of its high coal content, exhibits an abnormally low specific gravity

and corresponding dry density. The low densities are not necessarily

the result of the materials having been hydraulically placed. In fact,

WA.WAHlER
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the densities of these materials, if placed and compacted by conventional

earth moving equipment, would not have been significantly higher than

those obtained by hydraulic means. The low specific gravity and corres

ponding dry unit weight under any conditions of placement serve as a

strong warning that these sludge materials are not suitable for founda

tion or embankment construction in situations where water impoundment,

seepage or saturation may be involved unless specialized engineering

design techniques are employed to maintain their stability against

liquefaction and piping.

The permeability characteristics of the foundation sludge rnateri2ls

were determined by thoroughly evaluating the c~nstruction methods,

observations at the site, and laboratory test results. This evaluation

indicated that a significant degree of anisotropy was developed in

the foundation sludge materials because of their method of deposition.

The sludge materials were found to be highly lenticular with stratifi

cations varying from fractions of an inch to several inches in thickness.

The fine-grained silts (ML) usually constituted the thinner partings,

probably as a result of short periods of time of relatively quiescent

stream flow, and exhibited a coefficient of permeability of about

3 x 10-7 em/sec, which is about 700 times more impervious than the

typical embankment material. The fine- to medium-grained silty sand (8M),

which constituted the coarser fraction of the foundation sludge material,

had a maximum coefficient of permeability of 3 x 10-4 cm/sec, which is

very nearly the same as that of the typical embankment material.

Clearly then, the sludge foundation was not only significantly more

impervious than the embankment, but it also consisted of layered

materials for which the extreme values of permeability of themselves

varied by a factor of 1,000. In conclusion, a thorough evaluation of

the laboratory permeability test results, combined with judgment based

on drill hole logs and visual observation of many undisturbed founda

tion tube samples, indicated that the most probable range for the ratio

WA.WAHlER
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between horizontal and vertical permeability was 25:1 to 100:1. These

values are referred to later in this discussion as anisotropic founda

tion permeability ratios.

The shear strength characteristics of the foundation sludge were deter

mined by conventional triaxial testing procedures as discussed in detail

in Appendix B. These test results are summarized on Figure VII-8.

Development of shearing resistance in the saturated sludge materials

was limited by their light unit weights, because the cohesion para

meter for these nonp1astic materials is either very low or nonexistent

for the effective stress condition. As shown on Figure VII-8, the

shear strength parameters determined by triaxial shear testing of the

sludge materials are not unusually low. However, unless sufficient

supplementary load is superimposed on this material to significantly

increase the intergranu1ar stress and also provide resistance to

lateral deformation, the full benefit of its ability to resist shear

cannot be realized because of its unusually light unit weight.

The important engineering properties for the sludge materials are

summarized below.

FOUNDATION MATERIALS

Engineering Property

Dry Density

Wet Density

Equivalent Coefficient of
Permeability ('\I kh X kv )

Permeability Ratio
(Horizontal to Vertical)

Specific Gravity

Shear Strength Parameters

Effective Stress

Total Stress

W.A.WAHl[R
&ASSOflAlfS

Value Used in Analyses

54 pcf

78 pcf

2 x 10-5 cm/sec

25:1 and 100:1

1.43

41'

C' = 0

41 = 16.5
0

C 1100 psf
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C. CLIMATOLOGICAL DATA

Pertinent to this investigation was an evaluation of the weather con

ditions in southwestern West Virginia and the vicinity of Middle Fo:k

Valley prior to the Buffalo Creek Flood. Rainfall in the region, as

interpreted from National Weather Service information, is depicted on

Figure VII-9. There is no official weather reporting station located

in the immediate vicinity of the Middle Fork of Buffalo Creek. Using

Lorado, West Virginia as a central point on Buffalo Creek, the following

U.S. Department of Commerce stations can be located:

1.

2.

3.

Logan, West Virginia

Madison, West Virginia

Pineville, West Virginia

15.5 miles west

18.0 miles north-northwest

17.5 miles south-southeast

The detailed climatological data reported by these three weather

stations for the period from January 1 to February 29, 1972 are con

tained in Appendix C in Table C-2, Daily Weather Conditions, and Table

C-3, Summary.

The rainfall for February, while above normal, was not of an unusual

amount for this area. As sl~own on Figure VII-9, the rainfall at Saunders

in the 48 hours preceding the flood probably amounted to 3~ inches.

A field survey of open containers by the U.s. Geological Survey in

the week following the flood found no open containers which contained

more than the 3.7 inches of rain recorded at Logan, West Virginia

(Davies and others, 1972b). In addition, indirect measurements by

USGS personnel of Buffalo Creek trib'utaries indicate that there were

no high flows in these streams such as would be produced by a local

rainfall of extreme intensity.

From studies of these climatological data an.d related ififormation,

several conclusions can be drawn:
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1. The rainfall was widespread and rather evenly distributed

within at least a 20-rnile radius of the dam site during the

two-day period preceding the dam failure.

2. The temperature and precipitation records for the six-day

period preceding the failure indicate that probably little

or no snow would have been on the ground during the two-day

period preceding the dam failure.

3. The same records cited in (2) above also indicate that it

is highly improbable that any ice had formed on, or accumu

lated within, the downstream face of the dam preceding

failure.

4. The storm of February 24-26 had a magnitude to be expected

approximately every two years. National Weather Service

data indicate that 3.7 inches of rain in a two- to three-day

period has occurred eight times in the last 17 years (Davies

and others, 1972b).

5. Based on observations at Logan, the total precipitation at

Saunders during the two-month pe~iod preceding the dam

failure was at least five inches greater than the normal

amount of 7.3 inches.

6. It'. the absence of heavy snow cover or snow melt, and

considering the not too unusual amount of local rainfall

and the lack of flooding on other local streams, it is

concluded that the magnitude of the Buffalo Creek Flood

was due solely to the water released by the failure of

Dam No. 3 on the Middle Fork near Saunders.

D. RESERVOIR CONDITIONS

The condition and level of the reservoirs behind Dams 1, 2, <:md 3 on

the day of failure have been reconstructed by thoroughly reviewing the

January and February rainfall records for Logan County and eyewitness

accounts of visits to the site. These data were utilized, along with

151
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data of the surrounding watershed area and capacities of the reser

voirs, to determine the probable pool conditions prior to failure.

Of importance for evaluating the failure on February 26, 1972 are the

crest levels of Dams 2 and 3, in particular, and, to some extent, the

crest level of Dam ,No. 1. Prior to the time of failure, the minimum

crest levels of Dams 1, 2, and 3 were at approximately Elevations

1,658, 1,690 and 1,753, respectively.

Other significant factors regarding reservoir conditions include normal

water levels in Pools 2 and 3, variations of these levels, and the

seepage through the dams. As discussed previously, preparation plant

water discharged upstream of Pool 4 during normal operations amounted

to approximately 300,000 gallons per day. This water, which carried

about 200 tons of sludge a day, flowed through the reservoir of Pool 4

and entered Pool 3. These wastes, combined with normal precipitation,

resulted in a relatively steady water level in the pools; in Pool 3

the water level was generally at about Elevation 1,735 (perhaps higher

in the winter months) and in Pool 2 at about Elevation 1,685.

Surface runoff which would have otherwise flowed from surrounding hill

sides directly into Pools 1, 2, and 3 was intercepted by ditches

constructed along the uphill sides of mining roads near the pools.

Normally, the ditch along the road on the left side of the valley

discharged into a pond area near the upstream end of the refuse bank.

During the February 24-26 storm, this discharge had little effec~ on
~.\. , l~

the dams. Although the ditch along the No.5 Mine Road on the right

side of the valley was not designed or constructed as an adequate

diversion system for the darn complex, it performed several useful

functions:
'.
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1. it intercepted downslope runoff;

2. downstream of the right abutment of Dam No.2, it accepted

discharge from the Dam No. 2 overflow pipe;

3. dO~lstream of the right abutment of Dam No.1, it accepted

discharge from the Dam No.1 overflow pipes; and,

4. it carried these flows to the discharge culverts that led

under the No. S Mine Road.

The above features are sho~ on the diagrammatic sketch, Figure V-19.

The postfailure map , Figure VI-20, shows stream alluvium covering

the No. S Mine Road at two locations: at the right abutment of Dam

No.2, and just upstream of the right abutment of Dam No. 1. The

alluvial deposits, referred to as "slides" in the testimony, blocked

the ditch and diverted its flow. These "slides" are actually alluvial

fans deposited at locations where the stream gradient decreases abruptly.

There are no large slide scarps or obvious slide source areas above

the alluvial fans, and they do not include significant amounts of

slide debris. Elsewhe~re along the haul roads, slides did indeed occur.

Our interpretation of the available testimony is that the lower "slide,"

which covered the No. 5 Mine Road above the right abutment of Dam No.1,

was the one causing initial concern. It was to this "slide" that the

equipment operators were first directed. The "slide" was blocking ; I

the ditch and diverting its flow into Pool 1. Since the "slide"

was cleared, the mapped alluvial patch is largely a postfailure deposit.

The diversion of ditch water into Pool I may have raised that pool

significantly, since testimony indicates that Pool I nearly overtopped

Dam No. 1 when one of the outlet pipes was blocked. However, the

outlet pipes were apparently sufficient to keep the pool from overtopping

the dam when both were clear of obstructions.

Neither the field evidence nor the testimony make clear the timing,

extent, or effects of the "slidell which covered the No.5 Mine Road

153

W.~WAHl[R

&ASSOCWIS
VII-IS



above the right abutment of Dam No.2. It may have at times diverted

water into Pool 2, onto the crest of Dam No.2, or down the right

downstream groin of Darn No. 2 and into Pool 1. Water diverted into

Pool 2 would, of'course, raise the pool level and put an additional

demand on the outlet pipe through Dam No.2. Water diverted onto the

crest of Dam No. 2 or down the groin would tend to erode the dam. As

discussed elsewhere in this Chapter, we do not believe that this

action caused Dam No. 2 to fail before Dam No.3. However, erosidn

in the right abutment area of Dam No. 2 may have weakened that ar.ea

so that the dam was more susceptible to breaching.

No attempt was made to reconstruct the rise in reservoir level from

the normal pool at Elevation 1,735 to the flood stage at Elevation 1,753

because of the complete 1ack'of detailed rainfall records in close

proximity to the ¥dddle Fork area. However, an attempt is made, as

discussed below, to reconstruct the rise of the reservoir surface

during the 40-hour period preceding failure using the testimony of

Buffalo Creek Mining Company personnel.

Based on eyewitness accounts, the water level behind Dam No. 3 was

well above normal pool Elevation 1,735 on February 22, 1972. During

the morning hours of this day, the Buffalo Mining Company became aware

of high water level behind Dam No.3 when Mr. D. S. Dasovich visited

the area to observe the condition of the roads to the various company

mines, and while ooing so drove onto the embankment (Hearings Transcr~pt

of the West Virginia Ad Hoc Commission, 1972b). The water level behind

Dam No.3 was then two to three feet below the 24-inch spillway pipe,

according to Mr. Dasovich. This pipe is reported to have been seven

to eight feet below the graded crest according to the Hearings Tran

script, and four to seven feet below the crest according to Davies

and others (1972b). However, it is not clear whether these depths

are to the invert level or the top of the pipe. The reconstructed

configuration of Dam No. 3 indicates tllat the upstream shoulder of the
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embankment at the pipe location was probably near Elevation 1,752, or

approximately one foot lower than the lowest point of the crest near

the center of the dam. Based on these sources, therefore, the up

stream invert of the spillway pipe may have ranged between Elevation

1,748 to 1,742. We have assumed the upstream invert to be approximately

at Elevation 1,745, as discussed below.

On Thursday, February 24, Mr. Dasovich observed water flowing from the

downstream end of the 24-inch spillway pipe and that the water level

in Pool 3 had risen two to three feet since his previous visit on

February 22. On the same date, Mr. Jack Kent, St1~P Mining Superin

tendent, Buffalo Mining Company, observed the water level rising

behind Dam No.3, and that at 1600 hours it was about five feet below

the graded crest of the dam and above the spillway pipe. Based on

these statements, it is estimated that the invert level of the pipe

was at approximately Elevation 1,745. Thus, it is expected that the

spillway pipe at Dam No. 3 carried a full£low for at least 40 hours

prior to the failure.

At the time of Mr. Kent's observation, he placed a stick measuring

3 feet 9 inches long into the upstream face above the opening of the

24-inch overflow pipe. The top of the stick was reported to have

been about one foot below the top (Elevation 1,752) of the graded

crest. Table VII-l suwnarizes our interpretation of the rise of the

water level in Pool 3 during the 40-hour period preceding failure,

based on testimonies by Messrs. Dasovich, Kent, Gibson and Goodman.

Based largely on testimony by Mr. Kent, a curve showing our interpreted

rise of the water level in Pool 3 versus time was developed and is

depicted on Figure VII-IO. As shown thereon, the water level rose

from Elevation 1,748 to Elevation 1,751 at about one inch per hour

during the first 35-hour period following installation of Mr. Kent's

measuring stick. Thereafter, the rate of rise increased significantly
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TABLE VII-l

RESERVOIR LEVEL RISE FOR POOL 3

APPROXIMATE *
INFORMATI ON**DATE TIME EVENTS RATE OF RISE DEPTH BELOW GRADED

(INCHES/HR. ) CREST (INCHES) SOURCE
(ELEVATION 1752)

FEB. 22 A.M. . GENERAL INSPECTION -- 110-120 MR. OASOYICH

FEB. 24 P.M. OBSERVED WATER COMING -- -- MR. DASOVICH
! THROUGH DRAINPIPE.

fEB. 24 1600 MEASURING STICK PLACED -- 48 MR. KENT

FEB. 25 1600 WATER LEVEL OBSERVATION 1 30 MR. KENT
I \~ ...' ,-

FEB., 25 LATE BEGAN RAINING VERY -- -- MR. KENT
P.M. HEAVILY.

FEB. 25 2100 WATER LEVEL OBSERVATION 1 25 MR. KENT
:

FEB. 26 0330 WATER LEVEL OBSERVATION 2 lB MR. KENT
,

FEB. 26 0430 WATER LEVEL OBSERVATION 3 15 I:lR. KENT

FEB. 26 0600 LONGITUOINAL CRACKS -- LESS THAN 12 MR. DASOVICH
ACROSS THE FRONT OF
DAM NEAR THE LEFT
ABUTMENT. WATER SUR-
FACE ABOVE MEASUR ING
STICK.

FEB. 26 0750 \Y.\TER "OOZING" THROUGH -- LESS THAN 12 MR. GIBSON
LOOSE REFUSE PILES ON
TOP OF DAM. LARGE
CRACKS AND SLUMPS aN
DOWNSTREAM FACE OF·
DAM NO~ 3 NEAR THE
CENTER OF THE DA~.

* GRADED CREST IN THE AREA OF THE MEASURING STICK WAS ESTIMATED TO BE AT ELEVATION 1752
DR APPROXIMATELY ONE FOOT BELOW MINIMUM CREST ELEVATION.

** SEE TABLE C-4 FOR REFERENCE.

1.56

W.A. WAHlfR
&ASSOi:IAHS VII-iS

TABLE V11-l
Sheet 1 of 1



TIME IN HOURS
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17531-----r-..::CR:.:.::E~ST~EL:=E!fVA:.T~~1 O~N.:::::::::a!-......~~f---- ...._----I-----,.-

17521----t-----+----+---~~----J-----J

%
Q

....
oe
>
LU....
LU

a::
LU....
oe
~

1750I----t-----+------:~:..----+-----!-----J

1749~~~~~~~~~~~
V

1748 /

0800 HR.
FEB.26,1972
(FAILURE)

1747~:_--....,...L-----:="":':":'----L----.L----...L-----J
1600 HR. 1200 IIR.

FEB.24.1972 FEB.25,1972

KEY
• DATA POINTS FROr.l TABLE VII-l
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and most likely resulted in the water reaching its highest level of

Elevation 1,753 just prior to failure at about 0800 hours on February

26, 1972. The significance of this reservoir rise and the probability

of overtopping are discussed later in this Chapter.

E. FAILURE ANALYSES

Although numerous visits to the impoundment area were made by Buffalo

Mining Company personnel during the four-day period preceding failure,

there were no eyewitness accounts of the actual failure. The testimony

regarding these visits, which is presented in chronological order in

Table C-4 of Appendix C, contains several conflicting statements re

garding the condition of the embankments prior to failure; however,

the bulk of this testimony was critically reviewed to insure that the

time element of the failure, as recreated herein, was compatible with

witnesses'observations. To recreate the probable mode or modes of

failure, a number of engineering analyses were performed to determine

the mode most compatible with the extensive data obtained from the

field and laboratory investigations.

TI1e complete absence of drawings showing the prefailure embankment

configuration was a significant handicap for the analyses discussed

herein. Although the thickness of the fo~ndation sludge material was

reasonably well defined by the exploratory drilling program, it was

necessary to reconstruct the embankment configuration of Dam No. 3

from a detailed assessment of field and laboratory data developed

during the course of our investigation and a review of the prefailure

aerial photographs of the Middle Fork Valley. The two embankment

sections used for the detailed engineering analyses are shown in plan

on Figure VII-II and in transver.se section on Figures VII-12 and VII-13.

As shown on the longitudinal section, Figure VI-22, the thickness of

foundation sludge upon which the central 270 feet of Dam No. 3 was

1.58
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NOTES: (1) PREFAILURE TOPOGRAPHY CONSISTS OF II E Y10· CONTOURS AND SELECTEO 2' CONTOURS
IN THE DAM NO. 2 AREA.

'. (2) RECONSTRUCTED PREFAILURE TOPOGRA?HY - RECONSTRUCTED PREFAILURE
IS BA~EO ON POSTFAILURE TOPOGRAPHIC TOPOGRAPHY.
CONFIGURATION ANO UTHER AVAILABLE
OATA. SEE FIGURE V-IS. --'-'--. POSTFAILURE iOPOGRAPHY.

(3) SEE FIGURE VII-12 FOR SECTION E-EI.
~ l(4) SEE FIGURE VII-13 FOR SECTION F-FI. LINE OF SECTI ON.
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METERS NOTES: (1) SECTION E-E 1 IS LOCATEO SLIGHTLY RIGHT,.
(LOOKING DOWNSTREAM) OF THE OAM MID-

:rAL STRESS SECTION AS SHOWN IN FIGURE VI 1-11.
'~,'

( 2) MOIST UNIT WEIGHTS OF THE EMBANKMENT
\. C (ksf) MATERIALS WERE ASSUMED TO VARY FROM
~~ 96 pcl AT THE CREST OF THE DAM TO

106 pel BELOW THE PHREATIC SURFACE.
~; (3) INFINITELY HIGHER STRENGTHS WERE ASSUMED

50FOR THE BEDROCK MATERIAL AND ALL FAILURE
~. 0.7 SURFACES WERE ASSUMED TO BE CONFINED TO !!!!5
~: THE EMBANKMENT AND SLUDGE MATERIALS.
R ( 4) PORE PRESSURES ASSUMED FOR THE STABILITY
J~ ANALYSIS WERE DETERMINED FROM APPLICABLE
~ 0.7 FLOW NETS (SEE FIGURE~'VII-16, VII-17.

AND V11-20).
(5) PATTERNS USED FOR THE SLUDGE MATERIAL

OF POOLS " 2. AND 3 AS WELL AS THE
1.1 EMBANKMENT MATERIAL OF DAM NO. ~ ARE

FOR DELINEATION ONLY AND ARE NOT MEANT
TO SUGGEST TEXTURE OR COMPOSITION.

(3)
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BEDROCK KANAWHA SERIES

N ANALYSES -COAL WASTE DAM NO. 3

NOTES :

ITRENGTH PARAMETERS

SS TOTAL STRESS

lSI) CP' C (k sf)

sf

17 .00 0.7

sf

j 17.00 0.7

(1) SECTIO~l F-F' IS LOCATEO IIIGIIT (LOOKltlG
DOWNSTrlEAl.I) OF HIE OAI.! MIDSECTION AS
SHOWN IN FIGURE VII-H.

(2) MOIST UNIT WEIGHTS OF THE EMBANKMENT
MATERIALS WERE ASSUMED TO VARY FROH
96 pel AT THE CREST OF THE DAM TO
106 pef BELOW THE PHREATIC SURFACE.

(3) INFINITELY HIGHEII STRENGTHS WERE ASSU~EO
FOR HIE BEOROCI, I.1ATERI AL AliD ALL FAI LURE

'SURFACES \'IERE ASSur.1ED TO BE CONFltiED TO
THE EMBANKMENT AND SLUDGE MATERIALS,

(4) PORE PRESSURES ASSUMED FOR THE STABILITY
ANALYSIS WERE DETERMINED FROM APPLICABLE
FLOW NETS. (SEE FIGURES VII-lB. VII-19 AND
V11-20).

(5) BEDROCK SUr-FACE INTERPOLATED FROM ADJACENT
DRILL HOLE ItiFOIl~ATION.

) (3)

1. 1

(3)

(6) PATTERNS USED FOR THE SLUDGE ~ATERIAL
OF POOLS 2 AND 3 AS YlIZLL AS THE
EMBANKMENT MATERIAL OF DAM NO.3 ARE
FOR DELINEATION ONLY AND ARE NOT MEANT
TO SUGGEST TEXTURE OR COMPOSITION.
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constructed varied from a maximum of 55 feet in the center of the

valley to 0 feet approximately 160 feet and 180 feet from the left

and right crest-abutment contacts, respectively. Because of the

sloping bedrock surface, however, the maximum thickness of foundation

sludge increases beneath the downstream toe area to a maximum of 80-85

feet. The two sections chosen for detailed engineering analyses

represent conditions of near maximum (50 feet} and average (25 feet)

thickness of foundation sludge beneath the approximate center of the

dam.

In the performance of our engineering analyses, all reasonably conceivable

failure modes were considered. A number of these were rejected on the

basis of being so improbable as to not warrant discussion herein. As a

result of this elimination proces3, a total of four possible failure

modes for Dams 2 and 3 appeared to warrant detailed consideration on

the basis of all available evidence. These possible modes are discussed

in detail below and then followed by Section F, which presents what we

consider to be the most probable failure mode.

1. Failure Associated with Pipe Spillway

Although the published references gellera11y agree that a 24-inch

diameter pipe spillway was present in Dam No. 3 at the time of failure,

there are some discrepancies. In the booklet "Disaster on Buffalo

Creek," published by the Citizens' Conunission to Investigate the Buffalo

Creek Disaster, several people stated (p. 18-19) that there was no pipe

spillway of any kind in Dam No. 3 until shortly before the disaster.

Despite these statements, we have assumed that the 24-inch pipe was

installed as described by the Commission Report.

Both the Commission Report &~d the Citizens' Commission booklet indicate

that one or two SO-foot lengths of 24-inch diameter corrugated pipe

were observed partially buried on the left upstream side of the dam
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just prior to failure. It is not clear whether this pipe (or pipes)

was placed intentionally as the first stage of a supplemental pipe

spillway, or if continued dumping of refuse during the week prior to

failure had resulted in the pipe' (or pipes) becoming partially buri.ed.

A Buffalo Mining Company official, in field conversations with represen

tatives of W. A. Wahler and Associates, identified the two lengths of

24-inch uncorrugated steel pipe lying on the upper end of the refuse

bank, near Dam No.2 (Figure VI-4), as those intended to be installed

as a supplementary spillway. However, the failure occurred before the

installation was begun. These pipes apparently had been 3todkpiled

at this location for some time before the ~ailure. Although of· similar

type and length to the actual spillway pipes, it is inconceivable

that these pipes could have been part of the spillway of Dam No. 3 and

subsequently transported by the flood to their final position. Thus,

their pre flood and postflood positions must have been identical.

Of interest in the postfailure examinations of the site were the two

lengths of 24-inch uncorrugated steel pj~pe proj ecting from the flood
"alluvium near the former location of the downstream toe of Dam No. 3

(Figure '1111-14, Photo A). The locations of these pipes are plotted

on Figure VI-20. The pipe located furthest downstream is referred

to as the downstream pipe and the pipe furthest upstream (near Hole

BS-17) is referred to as the upstream pipe. Each pipe was filled with

coal refuse almost to its projecting undo Since the pipes were pro

bably subjected to translation and rotation during the failure, the

significance of the amount and orientation of the refuse blocking the

pipes is difficult to determine.

Each pipe was pulled from the flood debris with a bulldozer winch

for detailed examination. At the downstream pipe, a bulldozer trench

was first excavated to a depth of about eight feet (Figure VII-14,

Photo A) where excessive water was encountered. The material in the

16.3
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PHOTO A. 24-INCH PIPES IN PLACE; BULLDOZER
EXCAVATING TRENCH ADJACENT TO DOWNSTREAM
PIPE (CIRCLED).

PHOTO B. DOWNSTREAM PIPE AFTER PULLING WITH
WINCH.

PHOTO C.
PIPE

W.A. WAHlfR
&ASSOCIAHS

DETAil OF BURIED END OF UPSTREAM
NOTE ROUGH EDGES FROM TORCH CUTTING.

PHOTO O. UPSTREAM PIPE JUST AFTER PULLING
IT TO THE EXPLORATORY BULLOOZER TRENCH
ON THE LEFT ABUTMENT OF DAM ~O. 3.

FIGURE VII-14



trench walls was coal waste deposited by the flood, indicating that

the pipe was carried in the bed load of the flood water after the

failure. The downstream pipe was examined after extraction and found

to be 44.5 feet long with both ends apparently torch-cut, unbroken by

pulling, and unwelded. In the opinion of the. bulldozer operator, the

pipe pulled livery easily, II as though unconnected to anything at its

buried end.

The upstream pipe was pulled from soft, saturated foundation material

by a bulldozer located in a partially completed exploration trench

on the left abutment of Dam No. 3 (Figure VII-14, Photo D) and was

found to be 45.1 feet long. The buried end (Figure VII-14, Photo C)

was slightly flattened, torch-cut, did not appear to be broken by

pulling action, and showed no sign of welding. In the opinions of

the bulldozer operator and an observer stationed near the pipe, the

pipe pulled very easily and there was no indi~ation its buried end

was attached to anything. The location of this pipe in relation to

postfailure positions of parts of Dam No. 3 is not well defined; it

appear.s to be largely within the zone of possible bottom transport by

the flood waters, rather than embedded in a translated section of the

dam embankment.

The reported pipe spillway had an orientation trending about N7S oW

(Figure V-16). The recovered downstream and upstream pipes trended

about NIOoW and N20 oE, respectively (Figure VI-20). Thus, the

rotations (in a horizontal plane) required to put the pipes in their

present positions, assuming they were part of the spillway pipe, are

95 0 for the upstream pipe and 65 0 for the downstream pipe. The field

relations and these minimum rotations suggest that both pipes arrived

at their present locations by turbulent transport as part of the bed

load of the flood. If these pipes are indeed representative of the

spillway of Dam No.3, then the rest of the spillway pipe must lie

beneath the flood debris. The total length of ~pillway pipe in

1.65
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Dam No. 3 appears to have been about 290 feet. The pipes that were

pulled from the flood debris account for 90 feet, leavinz 200 feet

missing. If this 200 feet of pipe existed as a single welded unit,

burial in flood debris without partial exposure seems unlikely.

Therefore, the spillway could possibly have been constructed with

several 40- to 50-foot long sections of 24-inch pipe laid loosely

end-to-end and unconnected in a trench across the crest of Dam No. 3

and then buried.

If this assumption is correct, water could have readily l~aked through

the unwelded joints of the spillway pipe and produced local saturation

in Dam No.3. However, according to testimony, the pipe did not carry

water until about 1-3/4 days before the failure and probably carried

water only on rare occasions, if ever, during previous storms. The

amount of water that the open joints of the pipe could introduce

into the embankment would depend upon the width of the openings, the

amount of water flowing, and the length of time the flow occurred.

The effect of such a spillway flowing full, or partially full, would

be to raise the phreatic surface locally and decrease the stability
)\1 {J

in the downstream area of the embankment. Additionally, the pipe

would have discharged onto the downstream face of the dam causing

erosion and possibly local slumping. It is difficult to assess what

contribution, if any, these actions may have had on the ultimate

collapse. It is quite obvious, as discussed later in this section,

that the single spillway pipe was not the principal cause of the

ultimate dam failure.

2. Overtopping of Dams I, 2, and 3

Overtopping is defined as the progressive erosion of an embankment

beginning with water from the reservoir flowing over the top of the

embankment at its lowest point. As the erosive action continues, the

initial channel is widened by undercutting of the sides, the adjacent
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banks shear and fall into the breach, thereby increasing the quantity

of flow and the erosive forces. This action continues until the

reservoir impounded by the embankment has been drained or until the
\

level of the upstream and downstream water surfaces are nearly equal

and the flow velocity is reduced so that no further erosion occurs.

'The fact that all three dams were impounding water at the time!' of

failure required that the possibility of overtopping for each d~m be

investigated. The probability that Dam No. 1 was overtopped by '-normal

inflow of water into PaolI is very low. As indicated previously,',
\

two 24-inch diameter 'spillway pipes were prOVided which discharged \\

near the right abutment into a ditch along the right side of the No.\S

Mine Road downstream of the dam. The capacity of these pipes, when

flOWing full was calculated to be about 70 cubic feet per second, or

5.8 acre-feet per hour. The latter figure indicates that the two dis

charge pipes could safely accommodate a rise of the water surface

elevation of Pool 1 (capacity 12.6 acres) at the rate of about 5-6

inches per hour. This inflow rate appears highly unlikely, even under

heavy rainfall conditions, because the flow into Pool 1 was only the

result of seepage through Dam No. 2 and any runoff from the small

drainage area immediately bordering the pool. Finally, the testimony

contained in the Senate Subcommittee Hearings indicates that a slide

in the right abutment area, which occurred in the late evening of

February 25 or the early morning of February 26, octually blocked the

main drainage ditch along the right side of the No. 5 Mine Road and

diverted this water into Pool 1. The water rose rather rapidly in the

pool before it was discovered that one of the drainage pipes was blocked.

After the pipe was subsequently cleaned out, the testimony indicates

that the level of Pool 1 diminished and that the pool was at its normal

level at least four feet below the crest of the dam within one to two

hours before failure.
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Dam No. 2 was provided with a 3D-inch diameter spillway pipe with its

invert at Elevation 1,685 or about 5 feet below the crest. The pipe

was located near the right abutment of the dam and discharged into the

same drainage ditch as described above for Dam No.1. The pipe capa

city, when flowing full, was calculated to be about 50 cubic feet per

second, or 4.1 acre-feet per hour. Inflow into Pool 2 was limited

to a combination of Dam No. 3 seepage, overflow through Dam No. 3

spillway, and runoff from the drainage area along either side of the

pool. Under previous winter flow conditions, the seepage through Dam

No.3, could have been as high as 1,700,000 gallons per day, or 0.22

acre-feet per hour. Even under full reservoir level conditions, the

seepage probably did not exceed 0.29 acre-feet per hour. These values

are well below the Dam No. 2 spillway pipe capacity and the probability

of Dam No. 2 overtopping as a direct result of storm water inflow is

rather low.

Dam No. 3 had a 24-inch diameter spillway pipe with an invert at about

Elevation 1,745 or seven to eight feet below the low point of the

embankment crest near the right abutment. Unlike the discharge pipes

for Dams 1 and 2, the pipe for Dam No. 3 was oriented diagonally across

the dam, with the intake near the right abutment and the discharge near

the right center portion of the downstream face. The maximum pipe capacity

when flowing full was calculated to be about 35 cubic feet per second,

or 2.9 acre-feet per hour.

The day to day inflow of storm runoff into Pool 3 during the months of

January and February 1972 was irregular. For the purposes of recreating

the conditions at the time of failure, it was not considered necessary

to derive the exact rate of reservoir rise from the normal pool

Elevation 1,735 to the flood stage Elevation 1,753. It is important

to point out, however, that the 18 feet of rise in reservoir level

was not due entirely to the storm of February 25-26. The majority of

the reservoir rise was due to the natural accumulation of water during
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the rainy months when the rate of inflow to the reservoir exceeded the

seepage rate through Dam Nc. 3.

In order to evaluate testimony regarding the rate of rise of reservoir

level, it is necessary to consider the approximate 12-hour period

preceding failure. According to Mr. D. Osbourne (U.S. Congress 1972b,

p. 1282) an unofficial rain gauge was set up near the Buffalo Mining

Company offices near Lorado the evening of February 25, and from 2000

hours on February 25 through 0700 hours on February 26, a total rain

fall of 1. 75 inches was recorded. Considering that the drainage basin

detention time was about 2 to 3 hours and the near-saturated conditions

resulting from two consecutive months of above average rainfall, it

is reasonable to assume that 75 .to 80 percent of this rainfall actually

reached the reservoir before failure. This would amount to 71 to 76

acre-feet of inflow. As shown on Figure VII-la, the water level was

at about Elevation 1,750 at 2000 hours on February 25. The available

'c.apacity within Pool 3 between Elevations 1,750 and 1,753, as shown on

the area-capacity curve on Figure VII~15, was approximately 35 acre-feet.

Assuming that the spillway pipe was functioning at full capacity, the

total flow through the pipe was calculated to be about 35 acre-feet

during the 12-hour period preceding failure. The total seepage through

the dam was calculated to be about 4 acre-feet during this same period.

A water balance relationship indicates that the sum of inflow, minus

seepage, minus pipe discharge, must be equal to or less than the

remaining reservoir capacity in order to preclude overtopping. If

the inflow during the period was 71 acre-feet, Pool 3 reservoir would

still have had 3 acre-feet of storage capacity at the time of failure.

On the other hand, if the inflow amounted to 76 acre-feet, then the

reservoir capacity would have been exceeded by 2 acre-feet and over

topping of the dam would have begun. It must be pointed out that the

uncertainty of both the rainfall data for the Middle Fork area and the

amount of reservoir inflow and outflow up to the time of failure pre

vents any definitive conclusions regarding overtopping on the basis of

reservoir hydrology and hydraulics alone. However, using the values
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referenced above. and the analyses of the other, possible modes of, '

failure discussed below. we conclude that failure of Dam No.3 did not

occur by overtopping.' It is highly probable that. because of insuffi

cient spillway capacity. an overtopping failure would have ,occurred

had the dam not failed by other means. Failure by overtopping would

have been in a less rapid manner than that of the actual failure.

3. Foundation Piping

The presence of boils and related piping within the foundation sludge

of Pool 2 beneath the downstream toe of Dam No. 3 was noticed soon

after its completion and apparently persisted in an intermittent

fashion up to the time of the failure. These boils were described

as the emergence of black water in the relatively clean pool of water

downstream of the toe of Dam No.3.

The significance of thes~ boils was obviously not understood by any of

the observers; the presence of boils is usually associated with the

threat of progressive piping. Seepage forces which develop when water

flows through a soil are resisted by the effective grain-to-grain contact

stress. If this stress is insufficient to resist the seepage forces.

then an unbalance of forces results in the direction of flow. Usually

this unbalance of forces is greatest at the exit point of. the seepage

and results in physical movement of soil particles. This process of

gradual internal erosion is known as piping.

As discussed earlier in this chapter. the ratio of the horizontal to

vertical permeability for the embankment is low and for analytical purposes

assumed to be unity (kh I k
v

= 1). This same ratio for the sludge has

a much greater range due to the stratification induced by the hydraulic

deposition of these materials. This factor of hydraulic anisotropy

so greatly influenced the pore water pressure and seepage forces in

the sludge material that it was necessary to perform analyses with
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horizontal to vertical permeability ratios of 25:1 and 100:1. For

the specific sections analyzed, the greater the ratio, the greater the

pore pressures in the downstream area of the foundation.

The embankment and foundation conditions required a more accurate deter

mination of seepage than is normally necessary in the evaluation of

zoned dams having outer shells hundreds of times more pervious than

the central core zone. Studies of seepage through earth dams can be

performed by means of a flow net which is a system of two sets of

mutually orthogonal intersecting cu~ves. One set of curves represents

the flow lines or stream lines and the other set represents the equipo

tential lines. A flow net is drawn using a trial and error method

until the final solution accurately depicts the potential energy loss

of the water as it flows through the embankment-foundation limits which

confine or form the boundaries of the flow. The parameters which govern

the development of the flow net consist of the upstream and downstream

free water surface elevations, the relative values of the coefficients

of permeability (both in a horizontal and vertical direction) of the

embankment and foundation material, and the configuration of the embank

ment and foundation. Once completed, the flow net permits a determina

tion of the total quantity of seepage through the embankment and founda

tion, the interstitial pore water pressure, and the pressure gradient

(total head loss per unit length of flow path) at any point within the

defined boundary of flow.

Appropriate flow nets for varying thicknesses of foundation sludge

material appear on Figures VII-16, VII-17, VII-18 and VII-19. They

represent differing flow patterns resulting from normal and maximum

Pool 3 levels and variations in the hydraulic anisotropy of the sludge

material. It may be noted that for both Pool 3 levels, the flow nets,

for a given horizontal to vertical permeability ratio, are very nearly

the same. This is primarily due to the configuration of the embankment

and the use of the same number of equipotential lines in each case.

172

WA.WAHlER
&ASSOCIATES

VII-28



I
..:
>
w...
w

:z:
Cl

I

..:
>
w...
w

FEET
1800

1750

1650

FEET

1800

1750

1700

1650

ELEVATI ON· 17 35

ELEVATION 1735

SECTION E-E I FLOW NET: Four

BEDROCK

SECTION E-E I FLOW NET: Four
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EQUIVALENT FOUNDATION (SLUDGE) PERMEABILITY =kF= ~h
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MINATION FOR STABILITY ANALYSES.
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In examining the flow nets, however, it must be realized that the head

loss between adjacent equipotential lines is 7.1 feet for the normal

Pool 3 level and 9.7 feet for the maximum Pool 3 level. The head loss

per drop (from one equipotential line to the next) directly affects

the pore pressures as indicated in Part 4 of this section.

The ratio of embankment to foundation permeabilities (kE / k F) was

taken to be 10 where k
E

= k
v

=~ = 2 x lO-4cm/sec, and k F =Vkv ~

Y(4 x 10-6) (1 x 10 4) 2}c la-Scm/sec. For the above ratio, one

flow line or stream line in the embankment is equal to ten flow lines

in the foundation when consider.ing quantity of seepage.

The flow nets were constructed on transformed sections by expanding

the dimension of lesser permeability within the foundation. The

resulting size of these sections therefore made it impractical to

include them herein. As is evident from the flow nets presented,

the flow lines and equipotential lines shown on the true section of

a hydraulically anisotropic material are not mutually orthogonal as

they would be for a transfoL~ed section.

The flow nets allowed qualitative and quantitative analyses of the

seepage gradient and pore pressure at several points in the dam cross

section, as explained below and in the following section 00. stability

analysis.

As shown on Figure VII-16, the exit gradients along the flow paths

within the foundation sludge beneath Dam No. 3 for normal Pool 3

reservoir elevation of 1,735, were 0.30 and 0.22 for the two anisotropic

foundation permeability ratios considered. The theoretical critical

gradient for the development of piping is defined by the following

expression:
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i cr
G-l= He

where i cr critical gradient for the development of piping

1.43)G = specific gravity (average value of foundation sludge

e = void ratio (average value of foundation sludge 0.65)

As shown above, the critical gradient of the foundation sludge is

approximately 0.26 as compared with a similar value of the embankment

material of 0.70. Comparing the theoretical critical gradient occurring

within the foundation sludge material with values obtained from the flow

net analyses, the indicated factor of safety against the occurrence of

piping is 0.87 and 1.18 for the two permeability ratios studied. It is

apparent, therefore, that a condition of marginal stability with regard

to piping existed within the foundation sludge even at the normal pool

elevation of 1,735. It should be noted, however, that the calculated

exit gradients are predicated on the idealized cross sections used.

It is quite possible that a neat line separating the foundation sludge

and coarser embankment materials did not exist in reality because of

minor sloughing of the embankment material near the toe, previous

failures of the embankment which displaced the sludge, and differential

settlements of the embankment due to variable foundation thicknesses.

Any of these conditions would tend to increase the critical gradient

because of the presence of more embankment material; however, with

such low factors of safety against piping, and a recognition of previous

occurrences of piping, there is little doubt that the foundation sludge

material existed in a metastable condition.

As the Pool 3 reservoir level rose during January and February, conditions

favoring'Lhe development of piping grew worse as a direct result of the

increased difference in elevation between Pool 3 and Pool 2. The

seepage gradient acting within the foundation sludge beneath the toe

1.7'8
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area of Dam No.3 for the estimated flood stage of Elevation 1,753

is shown on Figure VII-17. For'the two anisotropic foundation permeability

ratios considered, namely, 100:1 and 25:1, the exit gradients are shown

to be 0.38 and 0.27 resulting in factors of safety with respect to piping

of 0.68 and 0.96, respectively. There' is little doubt, therefore, that

the entire central 270 feet of foundation sludge material underlying

the downstream toe area of Dam No. 3 was actively developing piping

conditions prior to or at the time of failure. However, neither the

field evidence nor the engineering analyses substantiate this condition

as the principal cause of the catastrophic failure of the dam for the

following reasons:

a. If a severe p~p1ng condition had developed, large internal

erosion channels (pipes) would have been created beneath

the embankment. As th~se pipes began to progressl'in an

upstream direction they would h~ve enlarged and branched

in such a manner that large sections of the embankment

would have collapsed into the void space created'by the

piping action. The resulting collapse of the embankment

into the foundation would have temporarily halted the piping

action until the seepage diverted itself around the blockage

and once again concentrated in another area to repeat the

entire process. This process wou:!.:1 have ultimately pro

gressed until the dam had settled to the Pool 3 water

elevation and then failed by overtopping. The approximate

total time of failure of 1) minutes is not consistent with

the time required for the full development for such a mode

of failure.

The field evidence, as determined from the extensive explora

tory drilling program, clearly indicates that a major portion

of the upstream section of the embankment remained intact

below the observed postfailure ground surface. As shown
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on Figure VI-21, Geologic Section A-A', approximately 300

feet of the upstream embankment-sludge foundation contact

remained undisturbed, whereas the remaining 220 feet of down

stream section, to a depth of about 50 feet, consisted of mixed

embankment and foundation sludge material. Similarly, the

transverse Geologic Section B-B' shown on Figure VI-22 indicates

the contact between the embankment and foundation sludge

materials to be level and unbroken. The field determined

location and attitude of the undisturbed and mixed materials

near the downstream toe of Dam No.3, indicates that a piping

failure in the foundation sludge material could not have

produced the observed postfailure materials distribution.

It cannot be stated with any degree of certainty exactly how extensively

the piping condition had developed prior to the time of failure. It is

knoWri,.·however, that the embankment and foundation were extremely

vulnerable to more than one potential failure mode because of the high

foundation pore pressures associated with the full reservoir condition

just prior to failure. Furthermore, regardless of whether or not any

piping was in progress just prior to failure, the embankment would have

failed in a different mode, as discussed in Subsection 4, below. This

fact, combined with our evaluation of the postfailure physical evidence

at the site, leads us to conclude that, while piping was undoubtedly

in progress just prior to failure, this phenomena was only one of

several contributing factors to the principal mode of failure.

4. Shear Failure

The stability of Dam No. 3 was evaluated utilizing a computer program

developed by W. A. Wahler and Associates. The program logic follows

a total unit weight and boundary water force concept which is customarily

referred to as the effective stress method. Data input for this method

consists of effective stress, shear strengths, unit weights, and

:180

W.A.WAHHR
&Assocmns

VII-32



piezometric water pressure values. The engineering properties used

for these stability analyses are presented in Section B of this

chapter, and the method of pore pressure determination is described

later in this section. A complete discussion of the methods of analyses

is presented below.

a. Conventional Slip-Circle Analyses

There currently exist at least three methods for determining the factor

of safety for assumed failure surfaces: (1) the conventional method

of slices (Fellenius method), (2) the simplified Bishop method, and

(3) the Janbu or Morgenstern method. All three methods incorporate

the basic geometry of the slope, unit weights and shear strength

characteristics of the materials comprising the embankment/foundation,

and the distribution of boundary and internal water forces. After a

circular failure arc is assumed, the soil mass above the sliding surface

is divided into a series of vertical slices. Forces acting on each

slice include the earth pressure on the sides-of the slice, water

pressures on the sides and bottom of each slice,. effective earth forces

with associated friction acting across the assumed sliding surface, and

cohesion along the sliding surface. Results from the three methods

vary because of assumptions made regarding the direction of action

of the various forces. Although all three analyses were performed

for Dam No.3, only methods (1) and (2) were considered necessary to

accurately determine the dam stability. The difference in computed

factors of safety for the first two methods referenced is usually less

than 10 percent, with the simplified Bishop analysis usually providing

the slightly higher value. The differences are particularly pronounced

when analyzing for deep-seated failure arcs and high pore pressure

differentials. The specific stability results for the various cases

analyzed are presented on Figures VII-2l and VII-22. A detailed descrip

tion of the methods used follows.
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Conventional (Fellenius) Method of Slices - In this method, it is

assumed that forces acting on the sides of any slice have zero resultant

in the direction parallel to the fa~lure arc for that slice. In other

words, the forces acting on the sides of the slices are in equilibrium

(equal and opposite in direction to each other), and only the forces

on the base of the slice acting normal and tangentially to the assumed

failure arc need be considered. The weight vector for each slice con

sists of the moist weight of soil above the water table plus the

saturated weight of soil below the water table. The normal component

of the weight vector is reduced by the pore pressure acting on the

base area of each slice. The resisting force is the sum of the cohesion

along the bottom of the slice and the normal component of the weight

vector times the tangent of the angle of shearing resistance. The

driving force is the tangential component of the weight vector. The

factor of safety is calculated by dividing the moment of resistance

offered by the cohesion and friction on the failure surface by the

driving moment of the soil mass about the center of the asstmed failure

arc. Many trial failure arcs are analyzed until a minimum factor of

safety is obtained.

Simplified Bishop Method - In this newer method, it is assumed

that the forces acting on the sides of any slice have zero resultant

in the vertical direction. This method also assumes that the forces

acting on the sides of each slice are in equilibrium; however, the more

exact assumption regarding the summation of forces in the vertical direc

tion requires that an iterati·ve technique be used to calculate the factor

of safety. Factors of safety are again obtained by comparing the

resisting and driving moments as discussed above.

Janbu or Morgenstern Method - This method considers complete static

equilibrium for all internal forces between slices and is a rigorous

mathematical solution to the slope stability analysis. Again, an

iterative technique is necessary to determine the factor of safety and
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usually the only significant differences in results between this method

and the simplified Bishop method occur when determining the influence

of high seismic force coefficients.

b. Sliding Wedge or Block Failure

Where circular failure arcs did not adequately define potentially critical

failure surfaces, wedges or blocks were analyzed. The analysis for this

type of failure is the same as that used for circular failure arcs,

with slight modification of the computer program. The wedge is divided

into slices and the same methods described above are applied. Many

simplified wedges were also analyzed by hand calculations using total

unit weight and boundary water forces.

c. Discussion of Stability Analyses

The initial stability analyses were performed for the downstream face

of Dam No.3 with a pool elevation of 1,735 in order to determine the

minimum factor of safety for the embankment under normal reservoir

loading conditions. As stated previously, because of the variable

thickness of sludge comprising the foundation, it was considered

necessary to perform detailed stability analyses on both transverse

sections E-E' and F-F' (Figures VII-12 and VII-13) in order to ascertain

what influence, if any, the foundation thickness could have on the

embankment stability. Additionally, because of the horizontal strati

fication of the foundation sludge, stability analyses were performed

incorporating pore pressures determined from the flow net diagrams

for the two anisotropic foundation permeability ratios of 25:1 and 100:1.

The influence of the foundation permeability ratio on the developed

pore pressures is readily seen by &1 examination of the flow nets for

each case. Shown on Figure VII-20 is a quantitative comparison of

piezometric head within the foundation for Pool 3 elevation of 1,753.
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Following the dashed line from Point A, in a direction parallel to the

adjacent equipotential line, to the intersection with the phreatic

surface gives the correct piezometric head for that point. If this

method is used for a number of points, the variation in the piezometric

head for the assumed failure surface can be developed as shown on

Figure VII-20. It is interesting to note that the actual piezometric

head at a given point may be considerably different than that which

would be determined solely by the difference in elevations of the point

in question and the phreatic surface vertically above it. Also, the

piezometric head at a given point varies with different assumed values

of foundation anisotropic permeability ratio. The computer program

developed by W. A. Wahler and Associates and utilized in these analyses,

is capable of incorporating variations in piezometric head in both

vertical and horizontal directions, thus permitting a rapid and efficient

analysis of a large number of potential failure surfaces.

Although a rapid increase in reservoir level theoretically does not

result in an instantanp.ous and complete readjustment of the phreatic

surface, it does increaee the pore water pressures very rapidly,

because of the incompre~sible nature of water. Therefore, for evaluating

pore water pressure o~ piezometric head, it was appropriate to construct

flow nets with phreatic surfaces resulting from the critical Pool 3

level.

Normal Pool 3 Level - The results of the stability analyses for

sections E-E' and F-F' of Dam No. 3 for normal Pool 3 elevation of

1,735, are presented on Figures VII-2l and VII-22, respectively.

Although results are presented for two anisotropic permeability ratios,

the following discussion will concentrate on the results obtained for

the ratio of 25:1. As discussed earlier in this Chapter, the range of

horizontal to vertical permeability of the foundation sludge varied

from about 16:1 to 100:1 with an average value between 25:1 and 36:1.

For this reason, the conclusions regarding the embankment stability
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were based on the anisotropic foundation permeability ratio of 25:1.

However, the results for the ratio of 100:1 are also presented to

indicate the sensitivity of the stability results to the assumed

permeability ratio.

As shown on Figure VII-2I, which represents conditions for a near

maximum foundation thickness, three distinct bands or zones of ranges

in factors of safety are noted in the results. The upper band No.1,

which includes rather shallow assumed failure arcs confined primarily

within the embankment and extending about 20 feet into the foundation,

indicates a range of factors of safety of 1.19 to 1.94 against either

circular or wedge-type failure. The middle band No.2, which includes

failure surfaces extending 20 to 50 feet into the foundation, indicates

a range of factors of safety of 0.94 to 1.06. Finally, the deep band

No. 3~ which includes failure surfaces extending 50 to 75 feet into

the foundation, indicates a range of factors of safety of 1.09 to 1.24.

As shown on Figure VII-22, which represents conditions for the approxi

mate average foundation sludge thickness (Section F-F')~ only two

distinct bands or zones of ranges in factors of safety are noted in

the results. The upper band No. 1 is similar to the same band dis

cussed above for Section E-E', except the indicated factors of safety

against either circular or wedge-type failure are slightly higher

and range between 1.29 and 1.49. The deeper, more critical band No. 2~

which includes failure arcs extending about 10 to 25 feet into the

foundation; indicates a range of factors of safety of 0.99 to 1.15,

or four to eight percent higher than the similar band No. 2 for Section

E-E' .

Two additional stability analyses were also performed for Dam No.3:

(1) assuming a nominal la-foot thickness of foundation sludge

material, and (2) assuming the embankment to be underlain only by

a relatively thin section of unstripped soil cover overlying the bed

rock surface. The latter analysis actually represents a condition
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which prob8bly existed for 50 to 60 percent of the crest length of

the dam. The results of these analyses indicate that the factors

of safety against either circular or wedge-type failures were 1.11

and 1.29 for cases 1 and 2, respectively.

The stability reslllts for Dam No.3 at normal pool elevation 1,735

indicate that the downstream face of the embankment was at best only

marginally stable. The calculated minimum factor of safety of 0.94,

for the condition of maximum thickness of foundation sludge, at first

seems somewhat paradoxical; however, this factor of safety·does

appear to be consistent with the assumed parameters and geometric

configuration of Dam No.3 for the following reasons:

a. As indicated by the results for the two cross sections

shown, and the additional cross sections referenced, the

factor of safety against the shear failure is increased

from 0.94 to 1.29 when the foundation sludge thickness is

decreased from approximately 50 to 0 feet. Because the

foundation thickness was not constant across the valley,

it is quite possible that the more stable abutment

sections of the embankment transmitted some additional

shearing resistance by a bridging action (three-dimensional

effect) to the central area of lower, more critical stability.

b. As indicated by the difference in results for the two

anisotropic permeability ratios assumed, the calculated

factor of safety is rather sensitive to the pore pressure

distribution within the foundation which, in turn, is a

function of the assumed permeability ratio. It is possible

that local variations within the foundation sludge could

result in a permeability ratio less than 25:1, thereby

reducing the developed pore pressures and increasing the

factor of safety.
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c. The method of construction by end-dumping and spreading may

have resulted in the lower portions of the embankment con

taining somewhat coarser materials than the upper portions,

thereby developing a more pervious zone. The presence 'of

such a pervious zone would tend to act as a horizontal drain

near the embankment-foundation contact and reduce the founda

tion pore pressures, thereby increasing the overall factor

of safety in the same manner as discussed in (b) above.

Maximum Pool 3 Level - The stability analyses for the downstream

face of Dam No. 3 with the assumed maximum reservoir condition that

existed on February 26, 1972, were performed on the same cross sections

described above, except the reservoir level was assumed equal to the

field-determined high water elevation of 1,753. For this analysis,

it was assumed that, because of the saturated condition that existed

within the foundation as a result of normal operations, the resulting

increase in pore water pressures associated with the higher reservoir

level was transmitted instantaneously to the downstream toe area as

the reservoir ~ontinued to rise.

The stability results for flood stage Elevation 1,753 are presented on

Figures VII-2l and VII-22 for embankment cross sections E-E' and F-F',

respectively. As discussed in the previous analysis, three distinct

bands or zones of factors of safety are noted for section E-E' •

These bands also exhibit the same depth of penetration into the

foundation sludge as previously discussed. The results indicate that

the range of calculated factors of safety against shear failure for

band No.1 was 1.05 to 1.75; for band No.2 was 0.73 to 0.85; and

for band No.3 was 0.91 to 1.02. Similarly, the results for section

F-F' also indicate that two recognizable bands of factors of safety

exist with the same depth of penetration for the assumed failure arcs

as discussed in the previous analysis. TIle results indicate that the

range of calculated factors of safety against shear failure for band
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No.1 was 1.19 to 1.45 and for band No.2 was 0.78 to 1.02. The two

additional analyses for assumed foundation sludge thicknesses of 10

and 0 feet indicated a minimum factor of safety against shear failure

of 1.00 and 1.19, respectivelY.
1

As a result of the detailed stability analyses discussed above for

Dam No.3 with the reservoir surface at Elevations 1735 and 1753, the

following conclusions,were ,deduced regarding the overall stability of

the dam.

a. The stability of the dam at normal reservoir loading

conditions was at best only marginal.

b. The calculated factors of safety for the highest reservoir

loading at Elevation 1753, which probably occurred just

prior to failure, indicate a gross instability of that

portion of the dam underlain by foundation sludge material.

This condition applies to the central 270 feet of the

dam.

c. The location of the failure surface represented by the minimum

factor of safety for the high reservoir loading condition

coincides remarkably well with the contact, located during the

field investigation, separating the undisturbed reservoir

sludge and the overlying mixture of embankment-sludge material.

d. As a result of the unit weight of the saturated embankment

material being about 35 percent greater than the foundation

material, and the condition of partial liquefaction which

existed in the sludge near the downstream toe, a failure of

Dam No. 3 could have occurred so rapidly that a large section

of the foundation sludge in Pool 2 would have been displaced

as a flood wave.
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e. The resulting failure mechanism discussed in Cd) would have

left an oversteepened downstream face which may have extended

as low as the prefailure Pool 2 water surface. Stability

analyses for such a condition indicate that essentially

rectangular blocks up to 20 feet in width would be rendered

unstable under the imposed loading conditions. The resulting

progressive failure of successive wedges would be drastically

hastened by the emergence of the phreatic surface high on the

exposed face. This progression of failure towards the up

stream face of the dam would occur rapidly.

F. MOST PROBABLE MODE OF FAILURE

In attempting to establish the most probable mode of failure for Dams 2

and 3, it was necessary to incorporate the large amount of evidence de

lineated by our field investigation wit!l the appropriate results of the

engineering analyses discussed in Section E above. In tue following dis

cussion, the various elements of the most probable mode of failure

are presented in the sequence in which they occurred.

The overwhelming field evidence, in addition to the engineering analyses,

indicates that the initial failure occurred in the downstream section of

Dam No. 3 and consisted of a massive slide movement involving approxi

mately 130,000 cubic yards of embankment material. This slide, depicted

by band No.2 on Figure VII-21, occurred in such a manner that the

slide mass physically displaced Pool 2 sediments, which were acting as

a semi-viscous fluid because of the relatively high internal pore water

pressures, and translated a large block of these sediments onto the

left side of Dam No.2. The limits of the displaced Pool 2 sediments

are shown in plan view on Figure VI-20 and in cross section on Figure

VI-21. Associated with this massive displacement into Pool 2, was the

initial overtopping of Dams 2 and I by the reservoir water displaced

from Pool 2. This surging of water over the crest of Dam No.2, which
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had perhaps only four feet of freeboard, most likely initiated the

breach near the right abutment.

Immediately after the initial failure, Dam No. 3 continued to fail

rapidly by progr.essive action. Because the iqitial failure undoubtedly

created a relatively steep head scarp, as depicted by the typical

failure surfaces shown on Figure VII-2l, that portion of the embankment

not involved with the initial failure was left standing with the phreatic

surface emerging high on the exposed face. The resulting condition of

the embankment was very unstable and the remaining portions of the

embankment commenced to slide into the void created by the initial

failure. It is impossible to state exactly how long this progressive

failure mechanism took to develop, but the total time required to

complete this mode of failure is compatible with the approximate 15

minute period within which it is estimated the complete failure occurred.

When the failure had progressed upstream until only 100 to 120 feet of

the embankment remained standing, as measured from the upstream toe,

our analyses indicate that the remaining section of the embankment

then failed violently, thereby allowing the first rush of Pool 3

reservoir water to start its destructive action. The initial release

of water was apparently confined, or nearly so, toward the right side

of the valley as it progressed downstream. As water flowed through the

breach of Dam No.3, embankment materials that had slumped as a result

of the progressive failure, were transported into the Pool 2 area. As

the heavily laden flood waters hit Dam No.2, its breach, started by

the initial overtopping, was probably widened and deepened. The initial

flood wave then continued downstream, overtopping and destroying the

small Dam No. 1 until the water reached the narrow portion of the valley

formed between the refuse bank and the No. 5 Mine Road. The initial

surge of this flood wave as it hit the burning refuse bank, caused the

explosions reported by numerous observers.
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After the flood wave reached the refuse bank, the constrictions in the

valley cross section caused a backup of water and the high water lines

downstream of Dam No. 3 were formed. As water continued to flow

through the initial breach of Dam No.3, the failure of the remaining

portions of the dam progressed toward the right and left abutments.

The field evidence supporting the conclusion that the major flood wave

was confined to the right side of the valley includes the fact that the

flood deposits of the embankment materials from Dams 2 and 3 were

generally confined only to this and the Pool I area. Furthermore, the

roiled area on the left side of Dam No. 2 contained sludge deposits

at elevations ranging from 2 to 10 feet higher than the crest of

Dam No.2. Because the original structure of the sludge was preserv~d

in detail in this highly erodible material, it is inconceivable that

any major rapid flood flow ever occurred in the roiled area, although

it was undeniably inundated by relatively quiescent flood waters

associated with the development of the prominent high water line shown

on Figure VI-3.

After developing the mode of failure described above, the remaining

Pool 3 water continued to flow through the ever widening breach of

Dam No.3. Relatively minor readjustments of major translated blocks

of sediment and embankment materials probably occurred at this time,

followed by the final emptying of Pool 3.

To aid the reader in following the sequential nature of the most

probable failure mode described above, a series of eight diagrammatic

sketches is presented on Figures VII-23A through H showing the major

elements of the collapse of Dams 1, 2, and 3.
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~IOOLE FORK VALLEY IN EARLY FEBRUAnY 1972, LOOKING UPSTREAH. POOL 3 HAS A SURFACE
ELEVATION OF ABOUT 1740-1745 FEET..

W. A. WAHlfR
& ASSO~IAHS FIGURE VII-23A



rllDDLE FOR II VALLEY, FEBRUARY 26. 1972 SHOWING POOL 3 AT HIGH WATER ELEVATION OF 1753;
EARLY SIGNS OF OISTRESS OF DAM No.3 ARE INOICATEO BY CRACKS PARALLEL TO CREST. i . (i{'

d)

W. A. WAHlfR
& A~~OCIAH~ FIGURE VII-23B



MIDDLE FORK VALLEY, FEBRU~RY 26, 1972; INITIAL MASSIVE SHEAR FAILURE OF DAU No" 3
2 T P ~!J'~CAUSING OVERTOPPING OF DAMS AND I" HE FOUNDATION SLUDGE ~ROM UOL 2 IS SHOWN JL_.

TRANSLATED TO LEFT ABUTMENT AREA OF DAM No" 2.

W. A. WAHlfR
& ASSO~IATES FIGURE VII-23C



~IDDLE FORK VALLEY, FEBRUARY 26, 1972; PROGRESSIVE FAILURE CONTINUES TO OESTROY REMAIN
ING SECTIONS OF DAH No.3; THE INITIAL FLOOO WATER FROM POOL 2 ASSOCIATEO WITH SHEAR
FAILURE BEGINS TO SUBSIOE EXPOSING THE INITIAL BREACH IN DAM No, 2"

W. A. WAHUR
& ASSOCIAHS FIGUnE VII-23D



MIDDLE ForK VALLEY, FEBRUARY 26, 1972; CATASTROPHIC FAILURE OF DAH No, 3 WHICH RELEASES
THE MAJOR FLOOD WAVE"

11 ()<l:}
-L ....J ....]

W. A. WAHlfR
& ASSOCIAHS FIGURE V11-23£



MIDDLE FO~K VALLEY. FEBRUARY 26, \972; FLOOD WAVE OVERTOPS DAM No .. 2 ANO OESTROYS
OM' tlo. 1.. DOTH REMNANTS OF DAM No.3 CONTINUE TO FAIL BY UNDERCUTTING ACTION OF

FLOOO FLOW.

W. A. WAHUR
& ASSUCIAHS
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~IDOLE FORK VALLEY. FEBRUARY 26, 1972: HIGH WATER LINE ADJACENT TO REFUSE BANK IS

DEVELOPEO BY CONSTRICTION OF THE NARROW VALLEY DOINSTREAU OF DAM No. J. 2( s1

W.A. WAHlfR
&A~~OCIAH~ FIGURE VII-23G



~IDDLE FDRK VALLEY, FEBRUARY 26, 1972. FAILURE AFTERMATH

W.A. WAHlER
&ASSOCIATES FIGURE V11-23H



CHAPTER VIII

FLOOD FLOW AND MATERIALS DISTRIBUTION

A. SOURCES OF FLOOD WATER

As noted in Chapter VII, the February 25-26, 1972 storm was not of a

severe nature and would have an expected recurrence interval of two

or three years. The degree of storm severity is further demonstrated

by the fact that it did not cause unusually high flows in other streams

in the area (Table VIII-I). It is concluded, therefore, that the

435 acre-feet of accumulated water behind the coal waste dams on the

Middle Fork at Saunders was the source of the catastrophic flooding

on Buffalo Creek.

B. PROBABLE ROLE OF REFUSE DAMS AND BANK IN FLOOD DEVELOPMENT AND
DISTRIBUTION

Compared to the prefailure volume of Pool 3 (392 acre-feet), the

volumes of Pool 2 (30.9 acre-feet) and Pool 1 (12.6 acre-feet) are

quite small, and together amounted to only ahcut 10 percent of the

total flood water. Had Dams 1 and 2 failed, either alone or in com

bination, the resulting flood would have been minor, probably similar

to that resulting from the failure of Dam No.1 in 1967, when damage

was limited largely to the Saunders area and consisted mainly of minor

or moderate damage to houses and roads.

Dams 1 and 2 were essentially ineffective in slowing the flood from

Pool 3. However, the configuration of the refuse bank and the

valley constriction downstream of Dam No.1. played an important

part in controlling the release of the flood waters into Buffalo Creek

Valley. The role of the refuse bank is illustrated by the high water
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line evidence found on it. The evidence, although vague in some areas,

is generally convincing. Figure VI-6 shows a definite high wa~er

line at Elevation 1,709 on the left side of the refuse bank near the

upper end. Another water line is seen a few feet lower. The overall

location of the high water line is plotted on Figure VI-4. Field

evidence also indicated that the water may have overtopped a saddle

at Elevation 1,709 on the left side of the gob pile during a surge.

Figure VI-25 shows the high water line at oth~!r locations. In Photo A,

the line is between Elevations 1,711 and 1,712 on the left side of the

Pool 2 area. In Photo B, Pool 2 sludge is seen on a tree branch at

about Elevation 1,700. Photo D shows a vague, sloping high water line

on the refuse bank face to the left of the PaolI - Dam No. 1 area.

There is smoke coming from the refuse bank at the left, and it is

possible that explosions may have occurred in this area as well as

further downstream. On Figure VI-27, Photo C shows a portion of a

strefu~ terrace developed at Elevation 1,692, about 105 feet west of

Hole 8-4. A terrace at this elevation indicates that the flood waters

flowed here for a period of time sufficient to develop a channel. We

estimate that the water in this area, indicated by the open arrow in

Figure VI-4, was initially ten feet deep.

Downstream of Dam No.1, the fleod waters were funneled into a narrower

part of the valley and were restricted to a channel 100 to 150 feet

wide. This constriction, while it caused higher velocities than were

prevalent upstream of Dam No.1, also served to subst&1tially reduce

the rate of discharge of flood water onto the Buffalo Creek flood plain

below what it would have been if Middle Fork Valley had not been so

constricted. The floor of the constriction consisted mainly of the

haul road which was paved with well compacted reu dog, and thus resisted

erosion (Figure VI-2).

206

Wl~H~
&ASSOCUUlS

VIII-4



Middle Fork had been diverted by Buffalo Mining Company to flow along

the right side of the haul road below Dam No. 1. At a point above the

curve where the road turned parallel to Buffalo Creek, the discharge

from Middle Fork was conveyed under the haul road in a culvert or

culverts, and cascaded do~m a steep chute in the refuse bank (Figure

V-18). When the floodwaters reached this cascade area, erosion up

stream began and a large notch was cut between the haul road and the

refuse bank, removing about 250 feet of the haul road and large amounts

of coal refuse as shm7rt on Figure VI-I. Steam and gas explosions

occurred when the water encountered the hot and burning coal refuse.

Eyewitnesses reported ashes were blown nearly half a mile. Considering

the velocity and volume of the flood water, the refuse bank resisted

erosion well; otherwise, the flood flow would have been discharged

into Buffalo Creek even more rapidly than it was.

C. FLOOD HYDROGRAPHS

The hydrographs of the Buffalo Creek flood developed by the USGS

(Davies and others, 1972b) are reproduced here to indicate the severity

of the flow, particularly in the upper reaches of Buffalo Creek Valley.

When Dam No. 3 failed, approximately 140 million gallons of water and

coal wastes were discharged into Buffalo Creek. Since the time of

total discharge from the impoundment was 15 minutes or less, as reported

by eyewitnesses, the impact on the Buffalo Creek flood plain was dramatic.

The USGS computed the peak discharge in Buffalo Creek below Saunders

to have been 50,000 cfs (22 million gpm) , resulting in a flash flood

with a magnitude at least 40 times that of the 50-year flood for this

area.
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D. FLOOD ATTENUATION

The elevation of Saunders, West Virginia is 1,500 feet above mean sea

level; that of Man, West Virginia is 750 feet. Thus, the drop in

elevation for the 16-n~le path of the flood was 750 feet. However,

the initial 3 miles from Saund.ers to Lorado has a stream gradient of

almost 100 feet per mile (1.9%), while the gradient for the r~maining

13 miles is approximately 35 feet per mile (0.7%).

The hydrograph shown on Figure VIII-l indicates the degree of attenua

tion of the flood as it progressed from Saunders to Man. This

attenuation can be attributed to the decrease in stream gradient below
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Lorado, the development of debris dams along the downstream flood

plain, and seme widening of the flood plain in the Accoville area.

As a result, peak discharges were significantly reduced as the flood

progressed downstream. The time for the flood to pass through

Saunders was measured in minutes (probably 5 to 10), through Stowe

and Accoville in tens of minutes (20 to 30), and throu~l Man in

hours (2 hours). The USGS has estimat:ed mean velocities of the

flood waters at 20+ feet p~t'.. second from Saunders to Pardee, 15 to

20 feet per second below Pardee to Lorado, about 10 feet per second

near Accoville, and 5 feet per second or less n~ar Man. Figure VIII-2

indicates the length of time required for the flood crest to reach

various downstream communities after the coal waste dam failure. The

number of fatalities recorded in each community is also given on

Figure VIII-2.

Figure VIII-3 incorporates several data elements concerning the Buffalo

Creek flood into a single graphical display. The reduction in gradient

can be seen as the stream proceeds from Saunders to Man. Elevations

for various localities are indicated, along with the flood height

profile as determined by the USGS studies at these points.

E. MATERIALS DISTRIBUTION

Evidence of flood deposition of the material removed from the coal

waste disposal area on MiddJe Fork was found along the entire valley

to the town of Man. However, the majority of the material was deposited

in the first three miles of the flood plain between Saunders and Pard::e,

where Toney Fork joins Buffalo Creek from the northeast. The material

deposited in this area consisted of coal waste, red dog, and ash

materials from the burning portion of the dump.
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Although the innnediate area where the Middle Fork Valley joins the

Buffalo Creek Valley showed a great degree of scour (particularly on

the right side of Buffalo Creek Valley toward which the flood waters

were directed by the burning waste dump), there was little other

evidence of scour other than at some railroad and highway bridge

abutments downstream. This was probably due to the depth of the

water flow, and the significant restrictions on velocity created by

debris dams which intermittently formed and then failed as the flood

progressed downstream.

The amounts and distribution of materials disturbed by, or involved

in, the failure and flood in Middle Fork Valley were estimated during

our analyses. The quantities and locations of the materials involved

support the most probable mode of failure of Dam No. 3 discussed in

Chapter VII. Because different materials (coarse coal waste and

foundation sludge) were mixed together during the failure, it was

not possible to perform a rigorous analysis to determine the exact

distribution of each material type. However, we believe the assump

tions made resulted in a reasonable determination of the distributi.on

of each material type. Basically, the calculation of various quantities

involved in the flooding was performed to answer the following questions:

(1) how much material was involved in the failure and flood; (2) where

did the materials come from; and (3) where did the materials go? The

detailed quantities involved in the materials balance are presented

in Table VIII-2. The derivation of the data is described in the

following discussion.

The results of our calculations indicate that the total volume of

material involved in the failure of Dam No. 3 and the subsequent flood

in Middle Fork Valley was 548,000 cubic yards. Of this volume, 131,000

cubic yards were sludge and 417,000 cubic yards were embankment materials.

Essentially all of the sludge came from beneath the downstream portion

of Dam No. 3 and from the Pool 2 area. Of the coarse coal waste,
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317,000 cubic yards came from Dam No.3, about 3,000 cubic yards from

Dam No.2, and 97,000 cubic yards from the refuse bank. The amounts

of coarse coal waste from Dam No. 1 sludge from that portion of Pool I

between Dam No.1 and Dam No.2. and sludge from Pool 3 are considered

negligible.

The basic distribution of the sludge was as follows: 49,000 cubic

yards were deposited in the roiled area, 3,000 cubic yards in Pool 1,

and the remaining 79.000 cubic yards was divided between the slide

mass (i.e .• incorporated into the slides as Dam No.3 failed) and

export from Middle Fork Valley. The basi,c distribution of the coarse

waste was as follows: All of the coarse waste eroded from the refuse

bank (97,000 cubic yards) was exported from Middle Fork Valley, and

it seems reasonable to assign all of the coarse waste from Dam No. 2

(3,000 cubic yards) to deposition in Pool 1. The remaining available

volume of Pool 1, 31,000 cubic yards, was filled with coarse waste

from Dam No.3. leaving 286,000 cubic yards all from Dam No.3, to

be distributed between the slide mass and export from Middle Fork

Valley. Since the volume of the slide mass is 245,000 cubic yards,

at least 41.000 cubic yards of Dam No. 3 coarse waste must have been

exported from Middle Fork Valley. However, the slide mass did include

some of the unassigned 79,000 cubic yards of sludge. Our field explora

tion and gradation test results from the slide mass samples leads us

to believe that about 20 percent of the slide mass was sludge and 80

percent of it was coarse waste. Thus, of the 79,000 cubic yards of

sludge remaining, 49,000 were probably incorporated into the slide mass

and 30,000 were carried out of Middle Fork Valley by the flood. Similarly,

of the 286,000 cubic yards of Dam No. 3 embankment materials still un

distributed, 196,000 remain in the slide mass near the location of the

former downstream toe of Dam No. 3 and 90,000 cubic yards were exported

from Middle Fork Valley by the flood. The total amount of material

exported from Middle Fork Valley was 217,000 cubic .yards, of which about

30,000 cubic yards were sludge and 187,000 cubic yards were coarse coal

waste.
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TABLE VIII-2
MATERIALS BALANCE

WITHIN
MIDDLE FORK VALLEY

SOURCE OF MATERIAL DISTRIBUTION OF MATERIAL TO THE
INO ICATED AREA

ORIGINAL SOURCE AREA DISTURBED * TYPE OF
SL IDE MASS ** ROILED AREA POOL 1 EXPORTED FROM

VOLUME MATER IAL VALLEY

DAM NO. 3 317 ,000 COARSE WASTE 196,000 ---- 31,000 90,000

POOL 2 AND DAM NO. 3 131,000 SLUDGE 49,000 49,000 3,000 30,000
FOUNDATION.

DAM NO. 2 3,000 COARSE WASTE ---- ---- 3,000 ----

REFUSE BANK 97,000 COARSE WASTE ---- ---- ---- 97,000

TOTAL VOLUME 548,000 ---- 245,000 49.000 37.000 217,000

* ALL VOLUMES ARE IN CUBIC YAROS.
** FOR DEFINITION OF SLIDE MASS SEE CHAPTER VI AND FIGURE VI-20.

NOTES: (1) THESE VOLUMES ARE APPROXIMATE BECAUSE HUCH DF THE DATA WERE DEPENDENT
UPON RECONSTRUCTING THE PREFAILURE TOPOGRAPHY.

(2) VOLUME CHANGES ASSOCIATED WITH EROSION, DEPOSITION, OR SLIDING. DUE TO
DIFFERENCES IN UNIT WE~HTS BETWEEN POINTS OF SOURCE AND DEPOSITION.
WERE NOT CONSiDERED.
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