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CHAPTER 1 - | NTRODUCTI ON

OVERVI EW

In order to better understand the need for coal refuse inspections and the
purpose of the Mne Safety and Health Administration's coal refuse disposal
regul atory program it is helpful to briefly describe the past history of coa
refuse production and disposal. Emerging fromthis historical context are MSHA' s
current efforts to regulate refuse disposal practices and its inspection training
program

VWhile the introductory information presented here is not essential to the
performance of coal refuse inspections, it is included to establish the
historical justification for, and the inmportance of, refuse inspections and the
rol e of the individual inspectors.

H STORY OF COAL REFUSE
ORI G NS AND DI SPOSAL

Coal refuse is a waste byproduct of coal m ning. It consists primarily of
fragmented rock and minerals that are unavoidably renmoved with coal during the
m ning process. |t also contains coal that was not separated during processing.

Prior to the early 1920s and the w despread nechani zati on of underground coa
removal, mining was primarily limted to the thickest, npst productive coa
seans. These seans were nined, picked, and | oaded by hand, and coal was the only
mat eri al transported above ground. All the unwanted, associated waste was
left in the nines.

Wth mne mechanization, it became possible to renmove significantly |arger
vol unes of coal and it al so becane profitable to nmine thinner, |ess productive
seans. However, the |ess exacting machine mning techniques also renoved
substantially | arger volunes of overhead or underlying rock

The nechani cal separation of coal fromits acconpanying waste, initially invol ved
only the sorting of materials. The unwanted byproduct of this process was
transported to a convenient |ocation and dunped. However, as market requirenments
becarme nore stringent, mechanical separators were replaced by nore sophisticated
coal preparation procedures that involved not only the physical separation of

waste, but also the crushing, sizing, and cleaning (washing) of the coal. Coa
preparation plants thus produced a second unwanted byproduct, a slurry which is
a mxture of water, and finely crushed coal and rock. This material was

general ly disposed of by discharging it into the nearest drainage; however,
public pressure eventually caused operators to construct storage |agoons or ponds
to contain the slurry. Coarse coal refuse was nost often used to construct these
i mpoundi ng structures or 'dans'.

The specific techniques used to construct refuse dams varied with the materials
and equi prent at hand. There were no design standards or regul ations to govern
this activity. As a result, inmpoundment sites were usually selected on the basis
of conveni ence and cost; few if any site preparations were nmade; and the refuse
mat eri al was dunped fromeither an aerial tramor froma truck and allowed to
assune its own slope angle, usually without conpaction. Al though the enbanknments
were being used as dans, they were usually not designed to safely function in
this role. Seepage of water through the enbankment was not controlled, spillways
were usually onitted or inproperly constructed, adequate runoff capacity for
| arge storms was sel dom provided, and few, if any, drainage structures were
built.
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The slurry or liquid-fine refuse material was piped fromthe coal preparation
plant to the inpoundnent where it forned a deposit of fine solids overlain with
water. |In many instances, as the capacity of the |agoon decreased over tine,
addi tional storage was created by placing nore coarse refuse on the crest of the
embankment .

The handl i ng and di sposal of coal refuse constitute an ever-increasing area of
production concern. Its magnitude is related directly to the increase in the
amount of coal mned, mne mechanization and the degree of coal processing. In
the early 1920s when nechani cal |oading was first introduced in the mnes, only
0.3 percent of all bitum nous coal and lignite produced was automatically | oaded.
By 1934, this percentage had increased to 12.2 percent, and by 1970, it had grown
to 97 percent.?

Not only has the volune of coal increased through nechani zation, notably due to
the increase in the nunber of longwall faces, but the ratio of refuse to coal has
al so grown substantially due to nore efficient preparation plant processes and
the demand for a cleaner product. Unfortunately, there have not been any
of ficial reporting requirements to provide accurate data, but projections from
avai | abl e nunbers indicate that prior to 1940, 200 pounds of waste was |left at
the mne site for every ton of coal sent to the market. By 1969, the ampount of
wast e had increased to over 400 pounds for every ton of coal sold. In 1983, a
Departnent of Energy study determined that the majority of coal mning operations
reject a full 32 percent of all material mned and processed, or approxi mately
900 pounds of waste is deposited at a refuse site for every ton of coal sold.

! Reference presented in Appendix C Anal ysi s of Coal Refuse Dam
Fai |l ures, Wahler and Associates, USBM 1973
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In light of the rapid increase in the anpunt of coal refuse produced and the
casual methods used in the past to dispose of this material, it is not surprising
that many unsafe and environmental |y undesirabl e refuse structures were produced.
Periodic failures and floodings in primarily rural areas gave little indication
of the magnitude or seriousness of the coal refuse problem being created.

When the Buffalo Creek flood occurred on February 26, 1972, due to a coal refuse
i mpoundnent failure, the Nation was nade aware for the first time that it had an
extremely dangerous coal refuse problemto resolve.

THE BUFFALO CREEK FLOOD

On February 26, 1972, one of the nost destructive floods in the history of West
Virginia passed through the Buffalo Creek Valley, approximately 40 miles south
of Charleston. At approximately 8:00 A .M, a coal refuse inmpoundnent on the
M ddle Fork tributary of Buffalo Creek failed, and approximately 140 nillion
gall ons of water and liquefied coal waste was rel eased. This material washed out
two additional coal refuse structures |ocated a short distance downstream The
resulting 10- to 20-foot high wall of flood water swept down the M ddle Fork
Vall ey and conpletely destroyed the small settlenent of Saunders that was |ocated
at the junction with Buffalo Creek. The flood then swept the 15-mile | ength of
the Buffalo Creek Valley. Wien it entered the Guyandotte River, approxi mately
three hours later, 118 lives had been | ost, 500 honmes had been destroyed, 4,000

peopl e had been |eft honeless, $50 nillion dollars worth of property had been
damaged, and $15 million dollars worth of highway damage had al so occurred. Two
nonths after the flood, seven people were still reported as nissing.

In the aftermath of this disaster, a series of investigations were conducted to
determine its cause (USCOE, 1972; USGS, 1972; and USBR 1973). It was found that
in the three-day period preceding the Buffalo Creek failure, approximately 3.7
inches of rain fell. This anpbunt of precipitation occurs in this area on the
average of once every two years; thus, it did not create an unusually large storm
runof f. Surroundi ng areas of Logan County experienced relatively mnor flooding
equal in volune to a 10-year flood. The absence of unusual stormactivity called
attention to the many structural inadequacies of the failed coal refuse facility.
In general, all studies agreed that this failure was due to the rapid sl unping
of the refuse enbanknent, followed by the nass novenent of the remainder of the
structure. These studies further identified the follow ng reasons why failure
of such a structure could occur

failure to prepare the foundation;

| ack of zoning and conpaction in the embankment;

| ack of adequate water-control facilities, such as a spi | | way;

- lack of collars and baffles al ong overfl ow pipes, al | owi ng
water to nove along the outside of the pipe deep wi thin the enmbankment;
and

- discharge of waste water fromthe preparation plant at t he head of
the pool, resulting in an accumul ation of only the finest materia
at the face of the dam

In Iight of what is known today about the Buffalo Creek flood, it is apparent
that this unfortunate disaster coul d have been prevented through proper design
construction and periodic inspection of the refuse facility.
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DEVELOPMENTS FOLLOW NG BUFFALO CREEK

Following the Buffalo Creek disaster, the Mning Enforcement and Safety
Adm ni stration (MESA), predecessor to the Mne Safety and Health Administration
(MBHA), took action to reduce the possibility of simlar coal refuse incidents.
These included the foll ow ng:

A Anendi ng and Revi sing Federal Requl ations

An eval uation was made of the regul ations then governing the disposal of coa
refuse. This led to major revisions and amendnents in 1975.

B. Revi ewi ng and Approving Plans and Specifications

The revised regulations required that engineering plans for inpoundnments be
submtted to MESA (now MSHA) for review and approval. Plans require the District
Manager's approval and, in npbst cases, are reviewed and eval uated by MHA's
Techni cal Support Centers.

C. Identifying the State-of-the-Art for Refuse Di sposa

Because of the relative lack of specific coal refuse technol ogy, MESA initiated
programs to determine: (1) the current (1975) status of coal refuse know edge;
(2) acceptabl e engineering and design practices; and (3) research needs. A nmjor
outcome of these investigations was the publication of the conprehensive,
"Engi neering and Design Manual for Coal Refuse Disposal Facilities." \Wile
portions of this manual now require technical updating, it remains a val uable
ref erence.

D. Trai ni ng | npoundnent | nspectors

Training materials, with enphasis on recognition of signs of instability, were
devel oped for mne inspectors, as well as for mning industry personnel

PURPOSE AND SCOPE OF COAL
REFUSE | NSPECTI ON TRAI NI NG

The backbone of any regulatory program is inspection. Thus, an increased
enphasis on regulating the disposal of coal refuse requires that an expanded
effort be made to thoroughly train nmine inspectors in the fundamentals of refuse
i nspection and dam safety. Training sessions are conducted by MSHA to provide
i nspectors with enough technical and procedural know edge to ensure that they can
satisfactorily performthe foll owi ng tasks:

- routinely inspect coal refuse facilities to detect any unsafe or
potentially unsafe conditions that threaten either m ners on mining
property, or downstream occupants of flood- plain areas;

- correctly fill out inspection fornms and direct this i nformation
to the appropriate MSHA personnel; and

- conduct special inspections or nmonitor specific work itens, i f
requested by the District or Technical Support staffs.

The coal nine inspectors are, and will continue to be, the front-line "eyes and
ears" for the mne inspection programs of MSHA. Their first-hand know edge of,
and frequent contact with the mning operations to which they are assigned, place
themin a uniquely advantageous position to work with the operators.
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When hazardous or unsafe conditions are detected during an inspection, these
findings are reported in appropriate form to the MSHA District Mnager for
further evaluation. On the basis of this and possibly additional technical
eval uation by the Technical Support staff and the operator's engi neer, corrective
actions are agreed upon for the operator to acconplish.

As noted previously, MSHA evaluates the adequacy of plans for new refuse
facilities that are subnmitted by the operator, as well as plans for the
correction of hazardous conditions on existing facilities. Qperators are
responsi bl e for providing engi neering supervision of the construction operation
to ensure that the facility is built in accordance with the approved plan. It
i s enphasized, however, that nine inspectors will not be involved in, or be
responsible for any of the engineering evaluations, decisions, or duties
connected with constructing and repairing the refuse facilities.

ORGANI ZATI ON AND USE OF
| NSPECTI ON HANDBOOK

Thi s I nspection Handbook is divided as follows:

Chapter 2 - Types of refuse facilities and the hazard classification
system

Chapter 3 - Technical information pertaining to characteristics o] f
refuse
di spos
a I
facil
ties
t hat
could
result
[ n
failur
e i f
n ot
proper
I
addres
s e d
during
t h e
desi gn
and
constr
uction
phases

Chapter 4 - The inspection process and the physical indications or signs
of instabilitie



CHAPTER 2 - RECORDI NG PROCEDURES AND NOMVENCLATURE

| NTRODUCT| ON

A primary objective of the coal refuse disposal inspection programis to observe,
record and report any sign of enmbanknment instability or potential hazard.
I nspections of coal refuse facilities are a part of the regular underground or
surface mining inspection schedule. To effectively neet the objective,
i nspectors need to be famliar wth the various configurations and
characteristics of coal refuse facilities. This chapter introduces the Refuse
Facility ldentification Numbers, the Refuse Facility Classification System and
the Field Hazard Cl assification (FHC) System

REFUSE FACI LI TY | DENTI FI CATI ON NUMBERS

Al'l coal refuse disposal facilities are assigned an identification nunber that
becomes its official numerical name. This nunerical name contains two types of
information: (1) the type of mning responsible for creating the facility, and
(2) the location of the facility.

The type of mning at a particular site is specified using the Standard
I ndustrial Cdassification (SIC). The SIC classifies industrial activity by
groups and assigns each group a four digit code number. Exanples of the code
nunbers are as follows:

1111 - Anthracite M ning
1211 - Bitumi nous M ning

The facility location is defined by a series of nunmbers which follow the SIC
code. First is atw letter U S Postal Service abbreviation for the State (see
Table 1). This is inmediately followed by the District nunber. The site nunmbers
are assigned by the District Manager and may be the mine |I.D. number. At sites
with nore than one separate refuse facility, individual facility nunbers are
added to the site nunber. A typical coal refuse identification nunber night be
1211- W4-00036- 02, whi ch neans:

1211 W/4 00036 02
SI C code State and Site nunber 2nd facility
Di strict at the site
I nspectors will use these identification nunbers on all of their reports and
should find them hel pful during field operations. Owmners or operators are

required to erect pernmanent narkers next to each refuse facility as specified in
30 CFR 77.215-1 and 77.216-1. The information required on these narkers includes
the coal refuse facility identification nunber assigned by the District Manager.
This practice helps to nmnimze identification problens during inspection
activities.
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Table 1
State Abbrevi ations
U.S. Postal Service

Al abama. AL Montana. . . . . . . . . . M
Al aska . AK Nebraska . . . . . . . . . NE
Ari zona. AZ Nevada . . . . . . . . . . NV
Arkansas . . AR New Hampshire. . . . . . . NH
California . CA New Jersey . . . . . . . . N
Col orado . CO New Mexico . . . . . . . . NM
Connecti cut . Cct New York . . . . . . . . . NY
Del aware . . . . . . . DE North Carolina . . . . . . NC
District of Colunbia . DC North Dakota . . . . . . . ND
Fl ori da. FL Ghio . . . . . . . . . . . ™H
Geor gi a. GA &lahoma . . . . . . . . . XK
Hawai i HI Oegon . . . . . . . . . . OR
| daho. I D Pennsylvania . . . . . . . PA
[l1linois . L Puerto Rico. . . . . . . . PR
I ndi ana. I N Rhode Island . . . . . . . R

| owa . I A South Carolina . . . . . . SC
Kansas . KS South Dakota . . . . . . . SD
Kent ucky . KY Tennessee. . . . . . . . . TN
Loui si ana. LA Texas. . . . . . . . . . . TX
Mai ne. . . VE Ut ah . ur
Maryl and . VD Ver nont . VT
Massachusetts. VA Virginia . T Y/
M chi gan . M Washington . . . . . . . . WA
M nnesota. . WN West Virginia. W/
M ssi ssi ppi . VB W sconsi n. W
M ssouri MO Wom ng. Wy

REFUSE FACI LITY CLASSI FI CATI ON SYSTEM

A Pur pose of Data Classification

When one considers that there are many hundreds of coal refuse facilities of
varying types, it becones apparent that coal refuse facility data nust be
collected and recorded in a systematic way. The framework for such a recording
system is the Refuse Facility Classification system which is based on the
facility configuration. There are many advantages for using such a system The
uniformty maximzes comunication by providing a set of comopn, easily
under st ood definitions for many categories of information.



B. Confiquration Types

The classification systemis based on the facility's configuration and is divided
into el even possi bl e enbanknent types. Roman nunerals | through VI are used to
designate refuse facilities that do not inpound water or slurry. The nunerals
VIl through XI are used to denote various types of facilities that form or could
forman inpoundrment. These enbanknent configurations are identified in Table 2.

Table 2
Facility Configuration
Non- | npoundi ng Enbanknent s | mpoundi ng Enmbanknent s
|  Valley-Fill VIl Cross-Valley
Il Cross-Valley VIII Side-Hill
Il Side-Hill I X Diked
IV Ridge-Dunp X I nci sed
V Heaped Xl O her
VI O her
Each of the above classifications with the exceptions of VI and X, is described
and illustrated below. Types VI and XI are to be used when a facility can not

be accurately described under another type. Generally, if any single refuse
facility has a conmbination of two or nore configurations, the facility
classification would be all of the appropriate Roman nuneral descriptions,

separated by comras. Thus if a sidehill facility wi thout an inmpoundnent is
conbi ned with a cross-valley inmpounding facility, the classification should read
“I'll, V1" rather than "VI, X ." Exanmpl es of conbinati on enbanknents are

i ncluded in the configurations, discussed later in this section.



C. Definitions

Before a detail ed discussion of the classification systemcan be presented, it
is necessary to define a nunmber of terns. The following definitions are of
particul ar inmportance to any discussion of refuse facility types, and should be
t horoughl y under st ood before proceedi ng.

Upstream - The uphill direction from which
dr ai nage fl ows.

Downstream - The downhill direction toward
whi ch natural drainage fl ows.

In order to standardize references to refuse structures, these facilities wll
al ways be described as though the observer is |ooking dowstream Thus the |eft
end of the enmbankment (referred to as the left abutnment) is the contact point

bet ween t he enbanknment and the original valley slope. It is to the left of the
observer when | ooki ng downstream \Wien viewed fromthe downstream side, the |eft
abutnent is still the left abutment by definition, despite the fact that it is

now on the observer's right side when | ooking upstream

Upstream Method - An expression describing the construction of a
refuse enbanknent or inpounding structure in which the enmbankment is
raised by a series of lifts or layers placed on the upstream face of
t he enbanknent.

Downst ream Met hod - An expression describing the construction of a
refuse enbanknent or inpounding structure in which the enmbankment is
rai sed by a series of fills placed on the downstream face of the
structure.



Figure 1
Upstream construction nmet hod
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Figure 2
Downst r eam const ructi on net hod

The upstream and downstream construction nethods are illustrated in their
sinmplest formin Figures 1 and 2 bel ow.

D. Descriptions of Facility Configurations

The nine basic types of refuse disposal facility configurations are described and
illustrated on the following pages. Mst sites will have a sinple configuration
t hat can be adequately described using one or nore of these basic types.

1. Valley-Fill, Non-Inpounding Enbanknent, Type | -
As shown in Figure 3, the typical landfill embankment wi thout an inmpoundnent,
conpletely fills a portion of a valley and has a top surface that is sl oped or
graded to prevent ponding. In the past, this type of enbanknent was often

started at its upstreamend and progressively extended downstream by conti nuous
dunpi ng




Figure 3
Type | -- Valley-Fill (non-inpounding) configuration

on its downstreamface. This procedure of end-dunping refuse w thout conpaction
is not an acceptable practice. |Instead, the enbankment is extended downstream
or upstream by placing the refuse in pre-planned stages.

This same type of final configuration can also be produced by starting with a
cross-val | ey enbanknent and i npoundnent and filling in on the upstreamside. The
final configuration of the facility is the sanme, despite the nmethod of
construction.

2. Cross-Val l ey, Non-1npoundi ng Enbanknent, Type Il -
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A cross-val l ey, non-inmpoundi ng enbanknent, shown in Figure 4, spans a valley but
| eaves the upstream portion of the valley unfilled. The upper end of the valley
is usually kept drained through the installation of a drain pipe or culvert.
These drai nage structures can be designed with adequate capacity to pass peak
runoffs, if intermttent ponding is not desirable. In instances where the
drai nage structures are not |arge enough to discharge peak fl ood flows w thout

the tenmporary backup of a pond, the facility is classified as a cross-valley
i mpoundi ng structure (TYPE VII).

Figure 4
Type Il -- Cross-Valley (non-inpounding) configuration
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3. Side-Hill Non-I|npoundi ng Enbanknent, Type 11l -
Side-H Il enbanknments are constructed by placing refuse material al ong one side
of a valley without crossing the valley bottomor its stream Figure 5 is a
sketch of a typical sidehill, non-inpounding refuse enbanknent.

Type |V -- Ri dge- Dunp, teniigfto de-Hi Il configuration

FI GURE 5
Type 11l -- Side-Hill (non-inpounding) configuration
As Side-Hill enbanknents are enlarged, a portion of these facilities is often

ext ended across the valley floor to forma cross-valley | obe.

created w thout providing adequate drain pipes or culverts,
the facility is classified

If such a lobe is
then this portion of
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Fl GURE 7
Type V -- Heaped configuration

as a cross-valley inpounding structure. The appropriate type nunber for this
conpound facility then becormes 111, VII

4. Ri dge- Dunp, Non-1 npoundi ng Enbanknent, Type 1V -

Shown in Figure 6, a ridge enbankment occupies, and in many instances conpletely
straddl es, a portion of a ridgeline. Extensions of a ridge enbankment can create
a sidehill enbanknent on one side of the ridge |line, thus producing a conpound
facility. The proper type classification of this conpound structure would then
be 1V, III.

5. Heaped, Non- I npoundi ng Enbanknment, Type V -

Mounds of refuse that are placed on either horizontal or noderately inclined
surfaces are termed heaped enmbanknents. Figure 7 illustrates this type of refuse
di sposal facility.

6. & her Non- | npoundi ng Enbanknents, Type VI -

This designation is established for any refuse disposal facility that is not
capabl e of form ng an i npoundnent and cannot be identified by any individual or
conbi ned type designation.

The use of Type VI indicates that it nust be described on an individual basis.

7. Cross-Val ley, |npoundi ng Enbanknent, Type VII -

As shown in Figure 8, a cross-valley inmpounding enbankment can have a
configuration that is very simlar to a conventional, water-inpounding dam The
enbanknment is mbst commonly constructed of coarse refuse material, but may al so
contain some borrow material such as soil or rock. The inmpoundnent is normally



used for the disposa
for solids to settle.
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of fine refuse slurry,

The clarified water

and provi des the necessary retention

is then drained off.

Coal refuse embankment

impoundment

FI GURE 8

Type VIl -- Cross-Valley inmpo

undment configuration
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FI GURE 9
Type VIII -- Side-Hill inpoundnment configuration
8. Side-Hill, Inpounding Enbankment, Type VIII -
Figure 9 is a Side-H Il inmpoundnment often created through diking to retain slurry
or water.
9. Di ked, |npoundi ng Enbanknent, Type IX -

This facility is constructed on relatively flat, either horizontal or slightly
i nclined, surfaces by constructing a totally enclosed di ke, as shown in Figure
10. These inmpoundnents can be constructed partially bel ow the original ground
surface by using the excavated material to build the dike; or by using coarse
refuse material above the original surface.

On gently sloping terrain, the dikes need not be constructed on all sides of the
i mpoundnent. The uphill slope can be used to retain one side of the inpoundnent.
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10. I nci sed, | npoundi ng Enbanknent, Type X -
As shown in Figure 11, an incised pond is created by excavating bel ow the
original ground surface. The excavated material is either hauled away or
irregularly deposited around the periphery of the pond. |If material is used to

create i mpounding capacity of five feet or nore at the upstreamslope of the site
(ie: above original ground through diking), then the facility ceases to be an
i nci sed i mpoundnent and shoul d then be reclassified.

11. O her | npoundi ng Enbanknents, Type Xl -

This designation is to be used for any refuse facility that is capable of
i mpoundi ng water but can not be readily identified by any individual type or
conbi nati on of types. The use of Type Xl indicates that it nust be described on
an individual basis.

Fl ELD HAZARD CLASSI FI CATI ON SYSTEM ( FHC)

Dike

FI GURE 10
Type | X -- Diked inmpoundnent configuration

FI GURE 11
Type X -- Incised i npoundnment configuration
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The Field Hazard dassification rating is based on the inspector's non-techni cal
evaluation of site conditions. The System is based on the stability of the
refuse facility or its failure probability and the consequences of such a
failure. The result of a failure is based on the inspector's field observations
and know edge of

downst ream or downsl ope devel opment. Thus, an inspector can assign the best
estimate of the overall hazard potential of a site by using conmbinations of the
following two |istings:

Tabl e 3
Fiel d Hazard Cl assification (FHC)
Consequences of Failure Failure Probability
I. Potential for |oss A. | nmi nent
of life
. Hi gh potential for B. Severe (mmjor design
injury and | oss of defici enci es)
property
[11. Low potential for C. Possible (significant
injury and | oss of desi gn defi ci enci es)
property
V. No potential for D. Possible (mnor
injury or |oss of desi gn defi ci enci es)
property
E. None

There are 20 possi bl e conbinations using these two sets of characteristics. One
of these ratings will be noted on the Periodic |nspection Form during the
i nspection.

Fi el d- assi gned

Hazard C assification Description
I A Potential for loss of life; could fail at any
tinme
I B Pot ent i al for loss of life; any further

degradation in stability could result in failure

IC Potential for loss of [Ilife; possibility of
failure if adverse conditions conmbine wth
deficiencies to substantially degrade stability

I D Potential for loss of |Ilife; possibility of
failure only under the npst adverse condition

= Potential for loss of life; mnimmpossibility
of failure
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Hi gh potential for injury and |oss of property;
could fail at any tine

Hi gh potential for injury and |oss of property;
any further degradation in stability could result
in failure

Hi gh potential for injury and |oss of property;
possibility of failure if adverse conditions
combine wth deficiencies to substantially
degrade stability

Hi gh potential for injury and |oss of property;
possibility of failure only wunder the nost
adverse conditions

Hi gh potential for injury and |oss of property;
m ni mum possibility of failure

Low potential for injury and |oss of property;
could fail at any tine

Low potential for injury and |oss of property;
any further degradation in stability could result
in failure

Low potential for injury and |oss of property;
possibility of failure if adverse conditions
combine wth deficiencies to substantially
degrade stability

Low potential for injury and |oss of property;
possibility of failure only wunder the nost
adverse conditions

Low potential for injury and |oss of property;
m ni mum possibility of failure

No potential for injury or loss of property;
could fail at any tine

No potential for injury or |oss of property; any
further degradation in stability could result in
failure

No potential for injury or loss of property;
possibility of failure if adverse conditions
combine wth deficiencies to substantially
degrade stability

No potential for injury or loss of property;
possibility of failure only wunder the nost
adverse conditions

No potential for injury or loss of property;
m ni mum possibility of failure
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Records of an inspection will be kept on standardi zed fornms by the inspector
In addition to recording the Field Hazard C assification, the inspector can al so
express the need for additional evaluation in the comrents section. If the

i nspector requests an additional evaluation, the basis for the request nust be
not ed.



CHAPTER 3 - ENG NEERI NG CONSTRUCTI ON CONSI DERATI ONS

| NTRODUCT| ON

This section of the Handbook provides an introduction to the nore technica
consi derations involved in design, construction, and the overall safety of a
refuse facility. This technical discussion provides inmportant background
information that explains why certain signs of possible instability are
interrelated, why certain inspection items are required, and why undesirable
conditions can develop at a facility regardl ess of the care used in its design
and construction.

The followi ng discussion is structured in basically the same order as the
i nspection informati on presented in Chapter 4 of this Handbook. This order of
presentation is intended to facilitate ready reference if the need arises during
the inspection phases. However, Chapter 4 can be used independently of the
foll owi ng di scussi on.

COAL REFUSE EMBANKMENT BEHAVI OR

The followi ng describes sone of the technical factors that influence and
determ ne coal refuse disposal practices, nore specifically, the engineering
behavi or of refuse enbanknents. I nspectors are not expected to nmaster the
technical information; however, its presentation should provide a basis for a
better understanding of the inspection requirements discussed in Chapter 4.
Those inspectors wishing to pursue the nore technical aspects of coal refuse

engi neering and design are referred to the Engineering and Design Manual: Coa
Ref use Disposal Facilities (MESA, 1975). The publication, although no |Ionger in
print, is available through the National Technical Infornmational Services and

ot her sources.

A Ceneral Area Conditions

A nunmber of critical general area conditions of a refuse disposal site are
fundamental to designing a refuse facility. These include downstream or
downsl ope conditions that would be affected in the event of a facility failure,
and upstream or upslope conditions that determ ne the watershed or runoff
characteristics of the planned facility. Both of these designs are discussed in
the foll owi ng paragraphs.
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1. Downstream or Downsl ope Condi ti ons -

CGeneral ly, the magnitude of potential inpact on the downstream or downsl ope areas
in the event of facility failure, is a function of whether or not the refuse
facility has an inpoundment. The failure of a non-inpounding refuse enbanknent
would normally have a relatively linmted physical area of inpact, wthin
approxi mately several hundred feet of the embankment.

This is not to suggest that "dry" refuse dunps can not be extrenely dangerous
under the right circunstances. As an example, if a proposed non-inpoundi ng
facility will have its enbanknent slope inmrediately above a mine opening or a
preparation plant, then the failure of this enbanknent could have a significant
detrinental inpact on these devel opnents. The Aberfan, South Wil es, disaster of

Cct ober 21, 1966, that partially covered a school, is one such tragic occurrence.
At the other extreme, a small inmpounding facility may be planned inmediately
uphill from a very large stream or river, with no adjacent population or
devel oprment. In this case, failure of the facility with a rel ease of the stored

wat er and portions of the fine refuse would not threaten property or life, but
coul d possibly be a significant environnental issue. Proper consideration mnust
be given to the potential threat to lives and property by evaluating both the
downst ream devel opnment and the nagnitude of the liquid material that would be
rel eased in the event of a failure.

2. Upstream or Upsl ope Conditions -

The size and characteristics of the watershed above a proposed refuse facility
deternmi ne the anpbunt of stormrunoff and thereby dictate design paraneters of
proposed downstreamrefuse facilities. Runoff characteristics are npst critica

for inmpounding facilities; however, they can also influence the placenent of a
non-i npoundi ng facility, particularly if it is located in a natural valley.

If for exanple, the majority of the watershed is wooded, stormrunoff would be
much snaller than a simlar area intensively devel oped with | arge roof or asphalt
areas. The reason for this difference is that a wooded area intercepts rainfall
with its vegetation and allows it to infiltrate into the soil, while a paved area
sheds rainfall quite rapidly. A watershed primarily used for agricultura
pur poses produces a stormrunoff somewhere between these two wat ershed extrenes.

A careful assessnent of the watershed of a proposed refuse facility is one of the
initial steps in the design process. 1In the instance of inpounding facilities,
an adequate comnbination of storage capacity and discharge capability must be
provi ded in accordance with runoff requirements. Failure to adequately provide
these itens, could result in failure of the enbanknment during a very large storm
The design of a non-inpoundi ng embanknment nust al so include diversion ditches
and/ or di scharge channels with proper consideration of storm runoff to avoid
severe erosion that could result in failure of portions of the enbanknent.

The design of all enbankments |ocated near streans must enconpass the storm
conditions of these waterways. Failure to plan for floodway requirenents can
result in erosion of the toe of the slope, enbanknment failure, and possibly the
tenmporary creation of a dam further increasing the potential for downstream
fl oodi ng.

B. Construction and Site Conditions

A designer should attenpt to locate a refuse facility on a site that wll
m ni mze construction difficulties. However, due to constrai nts such as access,
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land availability and transportation costs to the disposal area, designers
frequently nust use sites that have | ess than opti num characteristics.

Regar dl ess of the nunber or severity of design constraints, there is a safe and
structural |y acceptabl e engineering solution for nost potential refuse sites, if
gi ven adequate engi neering investigation. However, the nore site constraints,
the nore costly the design solution and the construction phase will be. The
designer nust therefore optinmze the relationship between these costly

Ditch with adequate slope
to drain runoff away
from the embankment

Refuse embankment
Topsoil removed -

foundation keyed into undisturbed
subsurface material

Topsoil

FI GURE 12
Benched foundation on steeply sloping hillside

constraints and the savings resulting from efficient mnine operation. The
foll owi ng paragraphs identify and discuss a nunber of the nbre comopn site
probl ens that are often encountered by a refuse site designer. The nore comon
structural neans of mnimzing these problens are al so discussed.

1. Topogr aphy -
An inclined or steeply pitched refuse disposal site normally requires a greater
degree of engineering investigation than flatter disposal sites. Facility
construction on a sloped site is also nore conplex and difficult. These

difficulties stemfroma nunber of factors.

Foundation preparation is normally nore involved on steep enbankment sites. In
many instances, it is necessary to "bench" or "key" the foundation into the
natural hillside to prevent the sliding that could otherwi se occur at the
interface of the enbanknent and the natural hillside. This type of foundation
construction is shown in Figure 12. Benching is not always appropriate however,
and nust be determined by the designer on a site specific basis. The inspector
shoul d exam ne the approved construction drawi ngs to ascertain the designer's
intent.

A second mmj or design and construction concern resulting fromsteep terrain is
the construction of required drainage facilities such as diversion ditches and
spi |l ways. These structures often nust be placed or 'cut into' undisturbed
hillside slopes, a task that could be quite challenging and difficult to
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mai ntain, particularly on steep sites. Slippage and sliding of upslope materials
during periods of heavy rainfall nmust be avoided through special construction
provisions. The failure to provide this protection may result in bl ockages of
these structures at the tinme that they are nost critically needed to pass storm
runof f. Depending on the natural slope gradients above drai nage structures and
access roads, it is often necessary to bench, regrade, and plant these critically
steep areas.

Constructing a refuse disposal facility on a relatively flat site normally
i nvol ves fewer topographic constraints. |f adequate space is available, a refuse
structure will be located away froma stream channel above the floodplain. This
greatly |l essens the need for diversion ditches, spillways, and other drainage
structures. Simlarly, if the option exists, a designer will |ocate the proposed
facility in an area with m ni mal foundation problenms (i.e., on a gently sloping
site with good soils), thus mnimzing preparation costs.

One design constraint that is unrelated to stability, but is critical to the
ultimate use of the disposal site, is the need to contour the configuration of
the final refuse structure to better fit |land use needs. This concern can be a
significant design factor on level sites, while it is usually less critical in
steeper terrain situations.



2. Foundati on Preparation -

Proper preparation of the foundation area of a coal refuse facility is critica
to the future stability and | ong-termcharacteristics of the enbankment. Failure
to initially plan and construct a stable enbankment base could cause the
structure to eventually fail. The work involved in preparing the foundation area
generally falls into five types of activity which are discussed in the foll ow ng
par agr aphs:

- renoval or clearing of vegetation or other undesirable
materials fromthe foundation areas,;

- neasures required due to steep topography;

- renoving soft or otherw se unstable subsurface mat eri al s;

- neasures required to provide adequate subsurface drai nage; and
- neasures to reduce or mninize seepage from an i nmpoundnent.

Fundamental to all foundation construction work is the renmoval of vegetation and

topsoil, not only from the enbanknent area, but also fromthat area that may
eventually be covered with an inmpoundnent. The removal of vegetation is
essential for a nunber of reasons. |If included in the refuse embanknment, it may
ignite and thereby ignite the refuse naterial. The deconposition of buried roots

or tree trunks can also create lineal voids in the embankment that provide
conveni ent routes for oxygen access and through-enbankment seepage. Topsoil nust
be renoved because of its poor structural properties and its high organic
content. Once the foundation area is stripped of vegetation and topsoil, pockets
or extensive areas of structurally poor or soft subsurface materials could be
exposed. Depending on the specific conditions at hand, these materials nust be
ei ther removed through excavation or specially conpacted. In any case, such
conditions rmust be alleviated prior to initiating enbanknent construction

As noted in the preceding section, special foundation construction neasures are
necessary on disposal sites that are steeply sloping. Failure to adequately bond
embankment material to a sl oping base can cause future downsl ope noverments and
eventual failure.

Because of current or future drainage requirements, special |ayers of drainage
materials may be required in the enbanknent, at the enbanknment/foundation
interface, in the foundation, or at the abutnent contact. As an exanmple

drai nage bl ankets are often installed to assure that any through-embanknment
seepage is collected and discharged in a controlled manner to reduce water
pressure buildup to prevent piping at the downstream face, and to provide a
conmon di scharge point for the drai nage treatnent.

Figure 13 is a drawing of a typical drainage blanket installation beneath the
downstream portion of a refuse enbanknent. The phreatic surface shown is purely
conceptual and can vary significantly with perneability and drain capacity. The
materials used in constructing the drai nage bl anket normally consist of graded

sand or a graded sand-gravel mxture with little or no fine particles.
Accept abl e drai nage bl anket materials are usually designated between well graded
sand and well graded gravel depending on the actual site conditions. The

drai nage materials vary with each site and depend upon the grain size and
characteristics of the coarse refuse placed above, and the grain size and
characteristics of the natural foundation material under the drainage bl anket.
The drainage material nust be hard, strong, durable and resistant to acid attack.
It must also be sized to drain, yet prevent the mgration of refuse or foundation
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soil particles into and possibly through the drainage material. In sone
i nstances, additional granular transition zones may be required to neet explicit
filter design criteria. This can also be acconplished with geotextile materia
by suppl yi ng adequat e desi gn documentation. To ensure that drains continue to
function properly, their performance is normally nonitored with piezoneters.

In sonme instances where a natural spring is |located within the foundation area,
a different type of drainage collector systemis often installed. One such
exanple is depicted in Figure 14 where successive |layers of differing drai nage
materials are placed over the collector area or rock drain which directs the
spring flowto the nmain collection zone beneath the enbanknent, or to the toe of

Phreatic surface

o

Drainage blanket
(filters not shown)

Note: See Chapter V of the Engineering and Design Manual:

Coal Refuse Disposal Facilities (MESA, 1975) for additional
examples.

FI GURE 13
Hori zont al bl anket drain
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the enbankment where it is discharged. The intent of this type of drainage
collector is to prevent spring flow fromentering the coarse refuse materi al

The final type of major foundation work is the prevention of seepage into and
t hrough | eaky foundation materials. \When possible, the designer will normally
avoid locating an inpounding enbankment at a site where such foundation
i mprovenment work is required. Wen this is not possible, two techniques for
reduci ng seepage can be inplenented. The first nethod, which is very costly, is
to infuse or grout the foundation materials by injecting a cement slurry (or
other simlar material) into the material voids of the foundation. Due to the

Rock collection zone

Drain pipe or (size and shape varies)

pervious rock zone
with filter
Impervious

———

N, Spring
n7§\ )

ESYLL A
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Concrete wall or clay cutoff

a. Plan

Impervious clay

1|

Slope to drain

AV D, W G
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VAVAVA‘A"'.';-!.'
S S NST O S ENST

~N N N
Filter zones

Impervious clay

Rock collection zone

b. Section A-A

FI GURE 14
Spring collection drain

hi gh cost of providing a grout cutoff, this procedure is seldomused on a coa
refuse facility. A less costly alternative is the construction of an inpervious
bl anket of fine soil over a portion of the inpoundnment area, upstreamfromthe
enmbanknment. The placenment of several feet of a clay-type soil over the |eaky
foundation naterial will not totally elininate seepage, but it will mninmze it.

3. Mat eri al Characteristics -
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Coarse coal refuse and fine coal refuse are the two types of waste naterials that
are routinely produced by the coal nining process, and it is these naterials that
a designer nust provide for and use in the construction of nost refuse di sposal
facilities. Oher materials are also included in refuse enbanknments, but this
use is less extensive and stems either fromthe need to:

- di spose of extraneous material, or

- provide sone special embanknment feature such as a

dr ai nage bl anket, inpervious blanket, or to protect the refuse from
wat er runoff erosion. Each of these categories of materials is discussed
bel ow

Coarse refuse is the solid waste material that is separated fromthe coal and
liquid fines in the preparation plant. Because of its nonliquid state, it can
be readily transported to the enbankment site either by wheeled vehicles,
conveyors and/or continuous tranms. Coarse refuse consists primarily of fragments
of shale, siltstone, and claystone rock (with | esser anmpbunts of sandstone and
limestone), and generally has structural properties well suited for the
construction of a stable embankment. However, the specific characteristics of
the coarse refuse materials at each disposal site are dependent upon the coa
seam bei ng m ned, the mning methods used, the type and efficiency of the coa
preparation plant, and the water content of the refuse at the tine of its
pl acenent .

In some instances, the coarse refuse is rather |large grained, varying in size
from coarse sand and gravel to small cobbles, three to five inches in dianeter.
When reasonably dry, this type of refuse material can be used to construct a very
dense structural fill. At the other extreme, sone coarse refuse material is
relatively fine-grained, with a |arge percentage being within the silt range and
havi ng maxi mum size of small gravel. When dry, the smaller coarse refuse can
also be effectively and efficiently used for structural fill. However, when wet
(as is often the case with sonme preparation processes), this material must be
spread out at the disposal site and allowed to dry before adequate conpaction can

be obtai ned. Because of the variation in coarse refuse characteristics, a
desi gner must become familiar with the particular mnmining operation and the
properties of its refuse prior to engineering a disposal facility. It is

inmportant to differentiate between portions of an enmbanknment that are nost
important to its stability and those portions of an enbanknent that are |ess
inmportant to stability. Coal refuse disposed in critical structural portions of
the facility is referred to as "constructed" or "structural fill" refuse. 1In the
structurally less inmportant portions of the facility, construction control is
less critical and the disposed refuse is referred to as "placed" or
"nonstructural " refuse.

Fine refuse material is hydraulically separated from the coal during its
processing. It is therefore nmuch finer than coarse refuse (i.e: particle size
varies fromclay or very fine silt to fine sands). These fines are suspended in
a water solution or slurry, and are extrenely difficult to handl e unless punped
through a pipeline. Mst available dewatering systens, including clarifiers,
filters, and centrifuges do not renmove enough water to pernit its being handl ed
as a solid. Thus, it can not be separated and conpacted |ike the larger solid
ref use.

It is sonmetinmes possible to overconme handling problems by conbining dewatered
fine refuse with coarse refuse to create a conbined refuse. |If the coarse refuse
is large grained and dry enough, the resulting conbined material can quite
effectively be used for structural fill purposes. However, m xing materials
containing too much water will only result in the creation of a conbined refuse
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that is too soft for structural purposes that will require extensive field drying
before it can be used. |In these instances, the designer must be careful that
this material is not used in a portion of the enmbanknent that is structurally
critical or, if used, its area of placenent is large enough to facilitate drying
and subsequent conpaction during a period of favorable weather

Because of the handling difficulties, the sem-solid fine refuse is often

di sposed behind a coarse refuse inmpoundi ng enbanknent. It is transported to the
i mpoundnment by way of a pipeline and di scharged near the upstream face of the
enbankment. |If properly discharged in this manner, the nore coarse particles
will settle inmmediately and force the liquid portion of the slurry to flow

upstream away fromthe enbanknent. Thus, enbankment infiltration and seepage are
di scour aged.

As mentioned above, a designer will often use additional types of materials for
enbanknment construction to acconplish a particular purpose. One of the nore
conmon of these is to provide drainage collection zones in critical embankment
| ocations. The normal grain size for this material is sand to sandy gravel
Even if available refuse material has a simlar grain size, such material is not
suited for drainage collection zone purposes, because the individual siltstone,
shal e and cl aystone particles break down over various periods of tinme. Suitable
drai nage materials nust there-fore be obtained either fromlocal sand and gravel
suppliers, or froma nearby borrow area or river bottomwhere sand and gravel are
available in the size required.

| npervious materials are often used within an enbanknent to construct relatively
i rpermeabl e barriers, either in the core of the structure or as a blanket in the
upstream i npoundment area, as di scussed above. Wile often termed clays, these
i npervious materials can vary fromsilt size, with just enough clay to hold it

together, to very "fat" clays with very little silt. Both types of materials
form acceptabl e inmpervious |ayers, provided they are properly placed and are
conti nuous. If too wet, both materials are extrenmely difficult to work with

usi ng normal construction equi pnent. Thus, considerable care nust be taken in
sel ecting inpervious borrow materials and placing them during periods of
favor abl e weat her.

Various types of rock materials are also incorporated into a refuse enmbanknment
as a mning by-product. Rock materials may be derived from excavati ng new m ne
openings or from stripping operations. In both instances, the matching of
intended use with the structural properties of a particular rock is inperative.
Thus, hard, conpetent sandstones and |inmestones are suited for some enbanknent
pur poses where | ess durable rocks, such as shale, siltstones, and cl aystones,
woul d be totally inadequate.

Hard sandstone is usually very resistant to weathering and deterioration, and is
therefore suited for some drainage structure uses, which include enbanknent sl ope
ri prap, channel protection, and as initial starter toes for enmbankment sl opes.
VWil e hard |inestone has simlar structural characteristics, special care mnust
be taken to avoid using this type of rock where acid drainage or seepage is
present and the itemcan not be readily repaired. The chenical reactivity of
limestone in the presence of acid results in its deterioration over time. This
is also true for cal careous sandstones. The softer rock materials (i.e: shales,
siltstones, claystones) can be used as structural fills within an enmbankment, if
properly placed and conpact ed.

Rock riprap should be hard, strong and durable with no thin el ongated pieces.
The material should be bl ocky, well graded, and placed to the thickness stated
in the design specifications. Furthernore, all interstices should be filled to
provi de a snmoot h appearance. Regardless of the rock type being used, care nust
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be taken to avoid indiscrinmnately mxing it with coal refuse in such a way as

to create air pockets or snmall voids in the embanknent. Such i nternal
passageways provi de oxygen with ready access to the ignitable refuse materials
and spontaneous conbustion can occur. This is particularly critical if mne

excavation rock is haphazardly dunped on a non-inpoundi ng enmbanknment wi thout
mxing it with the refuse material and conpacting it after it is in place.
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4. Materials Handling -

One of the major criteria in the design and construction of a refuse di sposa
facility is the optim zation of all aspects of materials handling within the
m ni ng operation. These activities include the transportation of the mned
material to the preparation plant, the preparation process itself, the
transportation of the refuse material to the disposal site, its handling at the
site, and the related econom c, safety and equi pment considerations inherent in
each of these activities. Wile the enmbanknment designer nornally has little
control over the mining or preparation plant activities, one nust be faniliar
with themto economically and efficiently integrate di sposal activities with the
overal |l operation of the mne

The nature, duration and conplexity of the mning and processing operations will
largely deternine not only the configuration and design of the refuse facility,
but al so the anount and sophisti- cation of available refuse handling equi pnent.
Thus, in sone |large mning operations, equipnment such as end-dunp trucks, bottom
dunmp trucks, and single and double engine scrapers may all be avail able and
econom cal for use in nmoving the refuse

In other instances, only one or two of these hauling units will be required,
working only one or two shifts per day. As the distance or height from the
preparation plant to the disposal area in- creases, the use of a conveyor or
conti nuous tramsystemin con- junction with the basic hauling units can becone
nore attractive. Thus, during the planning and design phase of the refuse
di sposal operation, a designer must carefully consider all the equipnment or
transport options that will be available to nove the refuse fromthe preparation
plant to the disposal site.

The second elenment of materials handling involves the on-site handling or
pl acenent of the refuse material. The enbanknent design, particularly the
structural fill portion, is contingent upon certain types of equipnment being
avail able to properly place and conpact the materials. The type of equipnent
needed will be determined by the anmount and characteristics of the refuse, as
wel | as by such specific construction needs as conpacti on.

If, as an exanple, the refuse material has relatively good characteristics, it
may be possible to use only scrapers to both spread and conpact the material
However, in other instances trucks may be required to roughly position the
refuse, wth subsequent spreading and conpacting being acconplished with a
bul | dozer. Each of the above naterials handling options nust be eval uated prior
to beginning construction of the enbankment. They should be continuously
reeval uat ed throughout the |life of the di sposal operation.
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5. Pl acenent _and Conpaction -

A proper enbanknent design that assures optimum safety and future stability, is
only as good as construction performance. O particular inportance is the day-
t o-day pl acement and conpaction of the refuse materials. This nmeans a specific
| ocation, a speci-fied thickness and adequate conpacti on.

Structural elements of the embankment nust be in conformance with the design of
the facility, with each placed in its specified |location at the required
t hi ckness, and conpacted to the extent designated by the design specifications.
Failure to properly inplenent these two design essentials can result in
undesi rabl e future enmbankment conditions, which may include burning, hazardous
slide conditions, unanticipated through-enbanknment seepage, acid formation and
many ot her types of instabilities.

Conpaction needs are nost frequently specified in terms of the m ni num acceptabl e
density allowed to obtain the required structural properties of the material
In the first stage of enbanknment devel opnent, construction is nornmally slow
enough to permt the use of haul age equi pmrent to conpact the refuse. This is
preferred to part-time usage of costly conpacting equipnrent. Speci al i zed
equi prrent mght include a variety of available compactors, including rubber-
tired, segmented pads, sheepsfoot, spike, grid, and vibratory rollers.

6. Ceneral Construction Practices -

Wt hout proper controls, a good refuse enbanknent design is of little value. An
operator's overall approach to enbanknment construction will determn ne whether an
acceptabl e and safe refuse facility is built. A haphazard nethod of operation
is apparent not only in the day-to-day construction activities, but also during
particularly critical phases of construction when a conscientious effort nust be
made to quickly and efficiently carry out the plan requirenents. Exanples of
these activities include:

- the installation of pipes requiring special bedding and the
careful conpaction of adjacent materials;

- the installation of sand and gravel drainage zone materials t hat
nmust be placed in a continuous manner and properly tied to the drai nage
di scharge system

- the construction of inpervious clay cores or blankets t hat
are needed to restrict through-embanknment seepage;

- the construction of spillway channels to a predeterm ned
geonetrical shape to satisfy the hydraulic requirenents;

- overall site and foundation preparation activities; and

- hydraulic (slurry) filling patterns.
Each of the above construction operations requires a degree of on-site planning
and organi zation not normally required in the routine, day-to-day construction
schedul e.
An operator's failure to properly plan or otherwise provide for special

construction needs normally results in inproper or hazardous installations. Poor
construction planning is nost often evidenced by such things as:
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- Lack of having adequate personnel or equipnent on hand to
conplete a task w thout undue and soneti mes dangerous del ays;

- having the wrong types of equipment or inproperly maintained
equi prent when other or better equi pnent is needed;

- the failure to provide for routine refuse disposal while speci a
construction activity is being carried out; and

- providing either inadequate or inconpetent supervision, thus
del ayi ng the progress of work and possibly creating hazar dous
enmbankment conditions.



3-14

C. Enbanknent Sl opes

Sl ope stability? is one of the nmost critical elenments of refuse embankment design
and construction. The discussions in this chapter provide an introduction to the
concept of slope stability and al so describe how stability is affected by factors
such as material characteristics, seepage, and erosion

1. Introduction to Slope Stability -

Various factors can have a nmmjor influence on the stability of an enbanknent.
These include, but are not |limted to, the foll ow ng:

- the types of materials used in the enmbankment, their nethod of
pl acenent, and their |ocation

- the condition of the enbanknent foundation, its materials, and
configuration;

- the slope and hei ght of the enmbanknent faces; and

- the presence and |l ocation of water either in or adjacent to t he
refuse enbankment.

VWile the stability of both new and ol der refuse facilities is influenced by
these factors, it is considerably nmore difficult to determ ne what adverse
conditions are at work in older refuse structures. VWhen designing a new
facility, an engineer mnimzes the chances for devel oping instability by:

- controlling the materials used in construction and their
pl acenent ;

- pre-determning and specifying a safe facility
configuration and acceptabl e sl ope angl e;

- specifying the proper preparation of the foundation area; and

- providing adequate drainage facilities to ninimze future sur f ace
wat er and seepage probl ens.

2For clarity, this stability discussion is linmted to embanknment sl opes
as opposed to excavated slopes into natural soils or rock. It is noted |,
however, that the nmechanics that determine stability are identical for both types
of slopes. The reader is referred to Chapter V of the Engi neering and Design
Manual : Coal Refuse Disposal Facilities (MESA 1975) for a nore detailed
di scussi on of slope nechanics.
When confronting instability in an ol der, non-engineered enbankment, an engi neer
has only limted know edge about the embankment's construction history and its
i nternal conditions.
This situation is often encountered when an operator proposes to transform an
id e, pre-Federal Mne Safety and Health Act refuse site into a nodern inmpoundi ng
structure. Even post-Act refuse embanknments constructed in two-foot [ifts may
be unacceptabl e dans. Thus, without an exhaustive field exploration and series
of exploratory tests, the engineer is not able to evaluate the stability of the
enbankment and to recommrend appropriate remedial inprovenents. In such
i nstances, the engineer can either conduct an extensive investigation and
analysis required to deterni ne existing enmbankment conditions, or use a nore
conservati ve enmbankment configuration in order to ensure future stability.
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2. The Mechanics of Slope Stability -

There are basically two types of forces that nust be considered in eval uating
embankment stability. These are the forces tending to produce noverment (or
instability), and those tending to resist novenent. \Wen these forces are in
bal ance, a stable condition exists and no novenent occurs. \hen the available
resisting forces are greater than those tending to produce novenent, there is a
margin of safety against instability that is referred to as the Factor of Safety.

The sinpl est exanple of the nechanics of enmbankment stability occurs when there
is no seeping water fromthe sl ope being analyzed. This condition nost often
occurs at a non-inmpoundi ng enbanknent where an internal drainage collection
systemis normally provided to ensure that groundwater and surface water do not
enter the embanknment materials. |If stability or embanknment novenent becones a
problemin this setting, it can vary in size, shape, and depth. To isolate the
conpl ex mechani sns that deternine the extent and |ocation of this novenent,
engi neers use three sinplified conditions of analysis:

- slippage along a circular arc,
- wedge-shaped slippage, or
- a conbination of these two.

The conbined form of novenent is by far the nost conmon and is al so the nost
difficult to analyze and describe. Thus, for the purposes of this discussion,
only the first two types of failure nodes are descri bed.

The circular arc failure is the nore common novenent shown in Figure 15. As
illustrated, nmovenent occurs along a circular arc, about an inaginary center
poi nt of that arc (center of rotation). The materials sinply rotate down and
"out' fromtheir previous |location. The |ower portion of the failure can form
a bul ge on either the enbanknent slope or downslope fromits toe. The upper
portion of the failure zone settles or slunps, causing a vertical displacenent
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or scarp to appear on the sl ope or along the down-stream edge of the embanknent
crest.

A wedge failure, shown in Figure 16, nornmally occurs where the presence of a soft
| ayer of material, either within the enmbankment or its foundation, encourages a

_a—Center of rotation

o
/ /s T

(——~ Scarp (vertica! displacement)
S,

Failure surface

Coarse refuse

Bedrock

FI GURE 15
Circular arc failure in honbgeneous materi al

lateral shifting of a portion of the slope. This type of novenent also results
in bulging at or near the toe of the failure zone and settling at or near the
enmbanknment's crest. Thus, the dynamics causing the nmovement can not be
det erm ned by observation al one.

It should be understood that both of these failures usually do not cause an
abrupt and massive nmovenent of material. Mre often, they devel op slowy over
an extended period of tinme. However, once the initial novenent has occurred, the
remai ni ng portions of the enbanknent becone | ess stable and novement progresses
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Central wedge

Passive wedge
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Talus %}4—’ V‘E;th_ered shale ——> 1 Clay seam in weathered

P = = = shale
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FI GURE 16
Exanmpl es of slope failures
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further into the enbanknent. The further this zone of novenent penetrates, the
greater the |ikelihood of abrupt catastrophic failures.

As can be noted in the instance of the circular arc failure, shown in Figure 17,
the principal downward force acting on the circular segment is caused by the

wei ght of the segment itself (W. The principal counteracting force is the
supporting or normal force (N), provided by the remai nder of the embankment,
perpendicular to the failure surface. Because the direction of N is

perpendi cular to the failure surface (through the center of its arc) and not
directly opposing W a resultant force (T) remains which tends to "sw ng" the

circular segnent down and "out", around the point of rotation (P). In the
absence of resisting forces, the circular segnent would freely swi ng downward and
out until its center of gravity was directly beneath P. However, this pivota

novermrent is resisted by the cohesive and frictional strength of the refuse
material, along the outer edge of the failure surface.

This resistance to lateral or shearing nmovenent is ternmed shear strength, and its

magni tude is shown as (F). |If F is equal to or greater than the rotating or
slipping force T, which is tending to nove the circular segnent around P, then
there will be no embank-nent noverment. However, if the shear strength of the

refuse material is less than the novenent force, a circular arc failure wll
occur. The degree of stability of an enbanknent, or its Factor of Safety agai nst
failure, can be mathematically stated as foll ows:

Resi sting Forces

(Nwadmmmm

FI GURE 17
Circular arc failure
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Factor of Safety (F.S.) = ) Acting Forces

When the Factor of Safety is 1.0 or greater, the resisting forces of a particul ar
enbanknent are equal to or greater than the forces tending to produce novenent.
The higher the Factor of Safety, the less tendency there is for novenment to
occur.

The forces at work in a typical wedge type failure are schematically shown in
Figure 18. As can be noted, there are normally three slope el enments involved in
this type of enbanknent nmovenent:

- an active wedge of material |ocated at the upper end of
the failure that acts to cause novenent,

- a large central wedge of material within the
failure, and

- a smaller passive wedge of naterial |ocated near the toe
of the slope that acts to restrict novemrent .

The bal ance or inmbalance of forces acting on each of these wedge elenents
determ nes the potential for novenent al ong the various failure surfaces.

In the instance shown in Figure 18, the enbanknent foundation is inclined and
contains a |layer of weak material. The weight of the material in the centra
wedge (T,), is supported by the force (N,) of the foundation. However, because
of the inclination of the foundati on and the slippage plane provided by the weak
foundati on materials, an unbal anced resultant force (T.,) tending to produce
wedge nmovenent, is created. This active force is resisted by the shear strength
of the materials along the failure surface exterior to the base of the centra
wedge. |If this shear strength (F.,) is not |arge enough to counterbal ance the
opposi ng active force, wedge novenent may occur. Whether or not novenent does
occur is contin-gent upon the forces at work in the remai ning two wedge el enents.

The weight (W, of the passive wedge element is supported or offset by the
mat erials beneath it. The inclination of the failure surface is toward the
central wedge, therefore the resultant force within this portion of the slope is
essentially passive (i.e: resi-sting slope novenent). If the weight in this
element is large enough, it can effectively counteract the novenent forces in the
remai nder of the slope that are tending to produce a wedge failure. |In many
cases where anal yses show a high potential for slope novenent, it is prevented
by adding more material (and weight) to the toe area of the slope to increase
this passive or resisting force.

The remaining critical elenent is the active wedge. Its configuration is
essentially a downward thrusting wedge that is attenpting to separate or nove the
remai ni ng wedge el ements away fromthe rest of the embankment. The size of this
active force is dependent upon the weight (W, of the material in the active
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wedge and the size of the resisting force (shear strength) |ocated along the
exterior of its sloping base (F,,)-.

_-Center of gravity
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Center of gravity

Passive wedge
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Wedge failure

Fl GURE 18
Sinplified mechanics of slope failures

By di scussing each of the three elenents of the wedge failure separately, it has
been shown that each is either active (tending to nove) or passive (resisting
noverent ), dependi ng on the force inbal ances that exist within each element. The
Factor of Safety for this wedge failure exanple is thus determ ned by dividing
the sum of the individual resisting forces by the sumof the forces tending to
produce noverment. Wen the Factor of Safety is determined to be too low for the
site, then sonme of the foll owi ng neasures may be taken to prevent a potentially
hazardous condition.

Adding material at the toe of slope - It can be surnised fromthe above
di scussion, and from Figures 15 and 16, that additional material placed at
the toe of either the circular or wedge failure planes wll increase
stability. 1In effect, this type of nodification increases the resisting
forces present in the enmbankment, thus increasing the Factor of Safety.
Adding material at the toe of a slope (in accordance with a proper design)
is the nbst common procedure for inproving stability.

Removi ng material fromthe top of the slope - Renmoving a portion of the
material at the top of the circular segnment in Figure 15 would reduce the
wei ght of this segnment at a point furthest away from the center of
rotation (P). The resulting effect would decrease the active forces and
i ncrease the Factor of Safety. The benefit fromthis type of action is
nore obvious if applied in a wedge failure situation
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Removi ng material would reduce the force of the active wedge, which is the
maj or force tending to cause novement. Although often used to inprove
stability, renoving material fromthe top of a slope is less frequently
used than adding material at the toe.

I ncreasing the strength of enbanknent materials - For new enmbanknents,
slope stability can be inproved by maxim zing the strength of critical
portions of the enbanknents through the selection of materials, or through
the specification of special placement and conpaction procedures. At
exi sting enbanknents, however, it is seldom possible to increase the
strength of material deep within the enbanknent.

3. Effects of Water on Slope Stability -

The above sl ope failure discussion purposely did not include the very critica
effects water has on the mechanics of stability. This section addresses sonme of
the nore basic, water related factors that are considered when anal yzi ng sl ope
stability.

Some water is normally present in alnmost all soil and refuse materials. Wen
this water is sinply retained within the voids between soil particles, it does
not have a major effect on the nmechanics of stability. However, when the water
is free to nmove or flowing through the enmbankment material (as when seepage
occurs froman inpoundnent), it may have a mmjor inpact on stability. Portions
of a refuse structure can become saturated due to through-enbanknent seepage from
i mpounded water, groundwater infiltration and/or unusual rainfall conditions.

In these saturated areas the water noves between and around i ndividual particles
and a level of equilibriumis established. As shown in Figure 19, this free
wat er surface is termed the phreatic surface. Due largely to gravity, the
typical phreatic surface decreases in elevation fromthe inpoundnment point of
entry as it progresses through the enbanknent.

Al material particles bel ow the phreatic surface are acted upon by the natura

buoyant force that water exerts on all subnmerged bodies. Thus, the friction or
interl ock strength between individual particles is reduced, without significantly
changi ng the overall weight of the circular segment. Therefore, the force (W
acting to cause novenent is essentially unchanged, while the force (F) tending
to resist novenent is greatly reduced. When using the Factor of Safety fornmula
di scussed in the previous section, it can be seen that the reduction in the
resisting force wll correspondingly reduce the factor of safety. A
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correspondi ng di scussion about wedge type slope failures would al so show that the
buoyant effect of seeping water will sinilarly reduce the safety factor

4, The Effect of Slope Angle (Steepness) and Hei ght of
Slope Stability -

The nechani cs of enbanknent slope failures are directly influenced by the angle
of slope or steepness of the slope face, and can al so be influenced by the hei ght
of the slope. The interrelated effects of slope angle and height are shown in
Figure 20, using a typical circular arc failure exanple.

The effects of the slope steepness can be seen by conparing Figures 20a and 20c.
In both of these sketches, the slope has the same height (H). Considering the
two failure arcs (both containing approximately the sane weight), two factors
become apparent.

For the steeper slope, the length of the failure surface (L;) is shorter, while
the steeper angle of the failure surface reduces the normal conponent of W and
therefore reduces the frictional resisting forces.

The first of these factors tends to decrease the resisting force, while the
second factor tends to increase the novenent force. Using the factor of safety
equation, it can be seen that both of these effects combine to reduce the factor
of safety.

By conparing Figures 20a and 20b, the effect of slope height in the case of steep
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FI GURE 19

I ncreased slope failure potential due to seeping water

sl opes can be seen. The additional weight (W) of the higher slope, is |ocated
further fromthe center of rotation and therefore adds a |arger component of
active force. At the same tine, the additional length of failure surface is
conparatively small, and very steep, adding relatively little to the resisting
forces. These conbined effects can result in a significant decrease in the
factor of safety of the sl ope.
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in the case of a shallow sl ope,

Conpari son of Figures 20c and 20d reveal s that
because the additiona

addi ng nore height may not have nearly as much i npact,
wei ght (W also has a much | onger associated failure surface.

it is sometimes necessary to construct a refuse

enbanknment with sl opes steeper and/or higher than woul d otherw se be used. The
sl ope stability di sadvantages can be noderated sonewhat by carefully conpacting
areas. Even though the resulting slope is

Despite the above considerations,

t he enbanknment materials in critica

slightly heavier (denser), the corresponding increase in the strength of the

slope materials to resist novement can be nuch greater. Any time specia
t he

conpaction efforts are required on sel ected areas near an embankment sl ope,
desi gner nust consider the additional related effects of this conpaction, such
as a corresponding reduction in perneability and its effect on seepage fl ow

Once a design has been accepted and an embanknment constructed, it is not only
unwi se but dangerous to indiscrimnately excavate access or haul roads into the
face. The steepened slope could fail suddenly although not imrediately. Any

such plan should be evaluated prior to inplementation
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FI GURE 20
Ef fect of sl ope steepness and height on stability

5. Secondary Effects of Seepage on Stability -
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The above di scussion briefly describes the najor effects of seeping water that
must be consi dered when eval uati ng enbanknment stability. However, when properly
pl anned, an enbanknment can be designed to safely pass large quantities of seepage
under controlled conditions. This is an inportant consideration, because it is
virtually inpossible to totally elimnate seepage from inpounding refuse
embankment s. Therefore, a designer nmust plan and properly provide seepage
control within the interior of the enbankment and its foundation area. Failure
to provide this control, can result in the following tw types of adverse
structural conditions.

Pi ping - Uncontrol |l ed seeping water passing through an enbankrent can
pi ck up and transport fine particles of refuse material. As this process
continues over tine, larger and |larger particles can be renoved fromthe
interior of the embankment or foundati on and deposited on the downstream
slope face, valley wall, or downstream area at the seepage discharge
poi nt . The resulting discharge opening can gradually enlarge as this
pi pi ng extends into the enbanknent, foundation, or abutment toward the
poi nt of entry of the seepage. Eventual ly, lineal voids or pipes are
extended entirely through the enbanknent, foundation, or insitu materials
and water flows freely fromthe inmpoundnent. |f uncorrected, this piping
can eventual |y cause the enmbankment to fail through breaching.

Structural Corrosion - Mst refuse materials, if oxidized in the presence
of water, will produce acids that are quite corrosive to nmetallic drainage
structures and |lime base materials, such as |imestone and concrete
cul verts. Uncontroll ed seepage through |oosely conpacted refuse can
therefore produce I|ong-range, adverse structural conditions and even
failure of an enmbankment.

The design procedures nost commonly used to di scourage through-embankment
pi ping on new refuse structures, directs the seepage through drainage
filters consisting of consecutive |ayers of gradually increasing materi al
size. Exanples of this technique are shown in Figure 21. As can be noted,
seepage can be controlled either by constructing a drainage filter in the
toe portion of the enbankment or by installing drains surrounded by
appropriate filter materials. As shown, the grain size of the filter
materials generally increases in the direction of seepage fl ow.
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Toe filter drain

In the instance of an existing refuse facility with seepage problens,
appropriate drainage filters can be applied externally to the toe of the
enmbanknment, as shown in Figure 22. In sone instances, it may also be
desirable to excavate portions of the toe to install drain tiles and
drainage filters simlar to those placed in new refuse structures.

The prevention of acid seepage and its resulting corrosive inmpact on a
refuse structure is nore difficult to achieve. Assumi ng through-
embankment seepage will be present in nost refuse facilities, the only
nmeans available to a designer to control acid seepage is to prevent the
formation of acid. This is routinely attenpted through conpaction, thus

denyi ng oxygen access to the coal refuse. Despite this construction
activity, it is virtually inpossible to elinmnate all refuse oxidation in
some facilities. A designer must therefore anticipate corrosion and

mnimze its inpact through the use of adequate corrosion protection or
non-corrosive materials in critical enbankment areas. Thus, the use of
pl astic pipe or asphaltic coated pipe in critical drainage structures may
be specified. Simlarly, acid-resistant rock such as non-cal careous
sandstone shoul d al so be used in place of |inestone. Long-term corrosion
of concrete structures nust be carefully nonitored to prevent their
eventual failure and resultant danage to the refuse embankment.

D. Hydraul i c Consi der ati ons

In addition to enbankment stability, a najor design concern governing the safety
of the facility is its ability to safely discharge stormrunoff during periods
of unusually high rainfall and under normal conditions. This is a particularly
critical concern when dealing with inmpounding refuse facilities that could
rel ease | arge vol unes of floodwater in the event of a failure. Wen planning and
desi gni ng i npoundi ng structures, a designer nust therefore be concerned with the
antici pated anpunt of normal and extreme runoff that will be collected by the
i mpoundnent, the normal and extreme volumes of storage that nust be safely
provi ded, and the types and nunber of hydraulic structures that nust be provided
to safely accommodate not only nornal operating conditions, but runoff conditions
as well. These design elenents are a part of the hydraulic consideration which
are briefly detailed in the foll owi ng di scussions.
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FI GURE 22
Seepage control for an existing inpoundnent

1. Basi c_Fl ow Det erm nants -

All water flowing into a refuse inpoundment constitutes the INFLOWN into the
facility. Wile sone of this may be stored for either a short or |ong period of
time behind the enbanknent, the remai nder passes through or over the refuse
structure and is discharged downstream Expressed as a fornula, this
rel ationship is:

| NFLOW = STORAGE + OUTFLOW

In the instance where a refuse facility has no storage capacity, |NFLOW then
equal s QUTFLOW and the hydraulic structures of the facility must be capabl e of
handling or passing the anticipated INFLON It should be noted that |NFLOW
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i ncludes not only rainfall or stormrunoff, but also that volune of water that
is produced during the routine disposal of fine refuse.

There are a nunmber of critical determinants of the storm runoff conponents of
| NFLOW  These i ncl ude:

- the size of the watershed intercepted by the refuse
i mpoundnent ;

- the shape and slope characteristics of the
wat er shed t hat deternine how fast the runoff reaches the
i mpoundnent ;

- the magnitude of the rainfall as neasured in inches
over a set time span; and

- the magnitude of the rainfall runoff measured in i nches
over a set tine span, where runoff equals the rainfall minus
| osses due to infiltration into the soil and that due to retention

by vegetati on.

The anmount of runoff produced by a given rainfall will always be less than the
amount of rainfall itself. As indicated above, after rainfall hits the watershed
and begins to flow downhill, a percentage of this water infiltrates the soil and

becormes tenporarily trapped in its pores. Another portion is intercepted by the
| eaves of vegetation in the watershed and never becones a part of the runoff.
The net runoff, therefore, is a function of the soil characteristics, the
veget ati on, and the average sl ope of the watershed.

One of the nost critical factors involved in planning the hydraulic structures
of a refuse facility is the anmount of rainfall used in their design. This design
criterion varies widely between geographic locations and with the particul ar

frequency of the rainfall or design storm chosen. Al'lowi ng for rainfal
vari ation between geographic locations (i.e: southern Wst Virginia versus
southern Illinois) is a relatively straightforward procedure because of the |arge

amount of available rainfall data. However, choosing the particul ar design storm
(i.e: the extreme runoff condition) that a specific hydraulic structure mnust
saf el y acconmbdate, is considerably nore involved. Each hydraulic structure is
desi gned on the basis of its function within the overall hydraulic plan for the
refuse facility, its relative inportance within this overall plan, and the
overall safety hazard of the facility to downstream areas in the event of
failure. All these factors are interdependent and vary with each design
situation.

Wen plans for energency outlet structures at an inpounding facility are being
checked for discharge capacity, diversion ditches are normally negl ected as being
part of the overall discharge system |[If a diversion ditch is being considered
to pass runoff in lieu of a spillway, the ditch nust be desi gned and constructed
under the sanme design specifications as a spillway. Under normal conditions,
di version ditches around a refuse pile or an inpoundnment should be designed in
accordance with appropriate State regul ations.

Current prudent engineering practices require a conservative approach in order
to provide maxi mum fl ood protection for water retention structures |ocated where
failure may cause loss of life or extensive property damage. |In this situation

the design of water, sedinent, or slurry inmpoundments should be based on the
probabl e maxi num fl ood (PMF) that produces runoff in excess of that produced by
a generalized 6-hour probable maxi mum precipitation (PMP) event. There are
vari ous hydroneteorol ogi cal conbinations that produce a PMF and it is the
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responsibility of the designer to select the correct conbination based upon

current, prudent, engineering practices. |If it can be shown that the failure of
an inmpounding structure would not cause loss of life or otherw se endanger
people, then a lesser design criteria can be used if such a decision can be
subst anti at ed. A 100-year frequency storm of 6-hour duration (one percent

probability) is the mnimum design stormpernmtted for any water, sedinent, or
slurry i mpoundnent.

2. Types of Hydraulic Structures -

This section briefly identifies the major types of hydraulic structures that are
commonly used in the design of coal refuse disposal facilities. Al so covered are
typi cal exanpl es of each structure and commrents about their general function

Spil lways- Spillways are provided on refuse facilities with inpoundnents
and are intended to function as a safety nechanism to discharge that
portion of the INFLOWthat exceeds the nmaxi mum di scharge capacity of the
decant (where applicable) plus the available safe storage in the
i mpoundnment. Typical spillways are shown in Figure 23.

The excavated rock spillway, illustrated in the upper portion of this
figure, is the nmost common type of spillway used in constructing refuse
facilities. As can be noted, a channel is cut into rock around the
abut ment of the refuse enbanknent. |In instances where a spillway is
excavated around an abutment in either soft or weathered rock, or where no
rock is present at all, the bottom and sides of the channel should be
lined with a protective covering. Were failure of the spillway could
result in failure of the enbanknent and probable loss of life, riprap

channel protection is no |longer generally acceptable. The designer shal
consi der alternate erosion protection neasures and/or channe
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real ignment/rel ocati on where appropriate. These items will be shown in
t he design drawi ngs. Wether cut into rock or not, particular care mnust

Spillway cut into rock

s S

At

E

N

ﬂ“ "

Grass lined spillway channel
excavated in saddle

Fl GURE 23
Spi | l ways and decant in cross-valley inpoundnment
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be taken to prevent excessive sloughing of side slope material into the spillway
channel. ddearing of trees and other materials above the spillway that may fal
into the channel during periods of heavy rainfall is also an inspection
consi derati on.

The fabricated concrete chute-type of spillway shown in the [ ower portion
of Figure 23 is infrequently used with coal refuse inmpoundments because of

the frequent changes in the height of the refuse enbanknent. Thei r
relatively high constructi on cost can not be justified for anything other
than a long-termuse as in the case of earth or rockfill dams. Fabric

fornmed concrete (cenment grout) open channel energency spillways have been
successfully used in some areas of the country at |ow hazard i nmpounding
facilities. Wiere rock is not available and the soils are erodible under
the velocities anticipated, the product nay be economically acceptable.

The grass lined spillway, shown in Figure 23, is a desirable type of
di scharge structure if permtted by topographic conditions. This type of
spillway is normally placed in a natural saddle or |ow point along the
peri meter of the inpoundment. Spi |l l way channel excavations lined with
synthetic fibrous materials have been successfully utilized where grass
al one is inadequate against velocity induced erosive forces. The mats
bond the individual root structures into a nore honogeneous, interwoven
mass capable of resisting somewhat higher velocities. Topographic and

hazard limtations often restrict the exclusive use of this type of
spi |l way.

Many conbi nations of spillways can be constructed in addition to the ones
descri bed above. Large pipes, wusually with risers, are sonetines
instal |l ed beneath or through an enmbankment to function as a spillway. In

this type of installation, the downstream discharge nmust be carefully
controll ed by providing protective di scharge chanbers (or sone other type
of energy dissipators) or a protected channel in order to prevent erosion
of the refuse enmbanknent. In instances where successive spillways nust be
constructed to accommodate changi ng i npoundnment el evations, a system such
as that shown in Figure 24 may be specified by the designer

Decants - The basic purposes of a decant system are: (1) to routinely
di scharge clarified surface water from an inpoundnent after the fine
refuse has settled; and (2) to slowy discharge storm runoff that is
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periodically collected in an inpoundment during |arge rainstorms.
Schemati ¢ exanpl es of typical decant systens are shown in Figure 25.

As noted on these sketches, a typical decant can have a nunmber of inlets,
each at a different elevation. The elevation of the lowest inlet is set
| ow enough to mnimze the depth of clarified water, yet high enough to
all ow a reasonabl e peri od of operation before accunul ation of fine refuse

requires that the next higher inlet be used. When such a change is
required, the next lower inlet is sinply closed and the clarified water is
allowed to accunulate until it reaches the next higher inlet.

Stage Il

i

S
Cascades between i >

channels

Plunge pools to dissipate energy

FI GURE 24
Cascadi ng spillways for staged embanknment facility

As cited previously, the decant system and spillway designs are
i nterdependent and the sizing of the spillway is contingent upon the
ability of the decant to effectively discharge collected storm runoff
within a set period of time. |If, due to clogging or some other type of
mal function, a decant is unable to operate as intended, then the overal

hydraulic plan for the i npoundment is inpaired and serious conditions may
occur. To avoid such disruptions, decant inlets are normally protected



3-31

Blocked or backfilled decant towers
from earlier embankment stages \

extension for
future decant
tower

Coal refuse embankment
a. Decant inlet on slope at side of impoundment

[ 5]

0%
\ n‘t

Coal refuse embankment —

6.50 c. Decant inlet at upstream end of pond

R S

Settled
slurry

s
— ¢

d. Vertical decant inlmy

FI GURE 25
Various decant inlets with under-drain pipes
and anti-seep collars

with trashracks (cage-like covers) to prevent floating |ogs and other
debris frominterfering with normal inflow

As shown in Figure 25, the flowin a decant is nornmally directed through
the pipe under the refuse embanknment to be discharged downstream  The
pl acenent of this pipe, and particularly the backfilling and conpaction
around and above it, are extrenely critical steps in the construction of
the refuse enbanknent. Many embankment failures have occurred because of
excessive water seepage adjacent to these pipes as a result of poor
conpaction. To avoid the chance of this occurring, nost decant pipes
under enmbanknments have concrete or netal anti-seep collars, or cutoff
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wal | s that restrict seepage along the pipe. Al collar material nust be
conpatible with the conduit. Quite often an asphaltic mastic or sinilar
material is placed between the pipe and collar or within the collar to
accommodat e t hermal expansi on and contraction. Construction plans should
al so specify detail ed conpaction requirenments al ong decant pipes to avoid
the creation of voids that would be susceptible to seepage.

Since the late 1970's, several well known dam design and

construction agenci es have stopped using anti-seepage collars
are now relying on
sui tably graded granul ar
filters around t he
outlet portion of the
condui t. MSHA does not
restrict the use of
either control nmethod,

but t he user must
i ncorporate al | t he
par amet ers of any nethod
sel ect ed.
Punmps - Punps normally discharge very |ow capacity when conpared wth
decant pipes or open channel spillways. Punps are generally unacceptable
in routing storm runoff through inmpounding facilities. An MSHA
Information Bulletin, "Reservoir Evacuation by Punping" provides nore
detail on punps.
Di version and Collection Ditches - Diversion and drainage collection

ditches are usually not critical elenents of the overall hydraulic plan
for a refuse facility, although their presence and function can be quite
important in ternms of mnimzing downstream environnental damage and
reduci ng erosion and nmai ntenance on the refuse enbankment itself.

A nunber of factors nmust be consi dered when designing diversion ditches.
Of particular inportance is the dynanic nature of the refuse embanknent
itself. Because the size and configuration of the refuse enmbanknment is
constantly being changed, the size and | ocation of runoff collectors nust
al so be periodically changed. Thus, nmany diversion ditches are only used
for a relatively brief period of tine, which does not justify expensive
construction procedures or materials.

In many instances, it is inpractical to construct diversion ditches |arge
enough to accomodate runoff fromvery |large storns w thout overtopping.
Depending on the location and relative inportance to the overall safety of
the refuse facility, periodic overtopping of diversion ditches is not

normal ly a serious matter. However, where overtopping mght cause
probl ens, drainage ditches nust be sized large enough to prevent
over fl ow ng. Simlarly, care nust be taken to ninimze the chance of

cl ogging, due to either the accurul ation of debris or through the coll apse
or sloughing of the sides of the ditches.

In instances where a diversion ditch is critical to the safety of the
refuse facility and/or where it will function as a mmjor pernmanent drain,
it nust be designed to accommodate the appropriate design storm and
constructed in a manner that will guarantee its long-termuse. The side
sl opes must be relatively flat to mninize sloughing of material, and
shoul d be protected with either vegetation or riprap. Simlarly, the
bott om of the ditch nust also be protected fromerosion through the use of
simlar materials or in some cases, through the use of concrete.
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The designer nust also consider channel freeboard to accommopdate wave
action due to roughness and super el evation due to changes in alignnent.
Since ditches are assumed not to flow full, freeboard values will be shown
in the design draw ngs.

Culverts - There are normally only two types of culverts associated with
coal refuse facilities: (1) relatively minor culverts under access
roadways and (2) nore critical culverts that pass stormrunoff past the
enbanknent in a safe manner. O the two types, the roadway cul vert is by
far the nost conmon.

The size and design of road culverts are contingent upon their |ocation
and whether or not repairing roadway damage due to a washout would be
prohi bitively costly. If, for instance, a culvert is to be installed
under a relatively mnor, unsurfaced access road that could be closed for
repairs without interfering with the overall operation of the refuse
facility, then a smaller and | ess costly culvert mnmight be cheaper in the
long run. However, a culvert under a critical access road nust be able to
accommodate a much larger storm runoff in order to avoid costly
operational shutdowns in the event of a washout. The appropriate design
storm in both of these instances would vary in accordance with the
relative inportance of the culvert.

The second and nore inportant type of culvert is installed in association
with cross-vall ey enbanknents to control the amount of tenporary storage
behi nd the enbanknment that occurs after a heavy storm |In npbst instances
it is inpractical to install a culvert large enough to i medi ately pass or
accommodate all storminflow, thus, a tenporary inmpoundment is created.
The duration and size of this body of water are deternined by the capacity
of the culvert installed. The function and hydraulic requirements of the
culvert are simlar to those for a decant structure. Also sinmlar is the
need to protect the intake end of the culvert with a trashrack. This is
particularly inmportant for smaller culverts (i.e: less than four feet in
dianmeter) that are difficult to clean out once they becone cl ogged.

Pi pe spillways that operate under pressure rmust be watertight to prevent

the piping of backfill material along the outside of the conduit and to
prevent hydraulic pressure from being transmtted to the backfil

material. An assurance is to pressure test all pipes prior to backfilling
to ensure integrity. For additional information on pipe installation

MBHA' s Information Bulletins on "Design of Pipes for External Loadi ng" and
"Pressure Testing of Principal Spillway Conduits" may be obtained.

E. Addi ti onal Consi derati ons

A last, but overriding design consideration is the ultinmate disposition of the
refuse facility, once it is abandoned. Prior to initiating construction of new
refuse facilities, or the nodification of existing structures, an operator mnust
submit plans to MSHA for their final abandonment. These plans specify the fina

configuration of the disposal facility, identify final drainage patterns and
structures, and detail the overall provisions for establishing vegetation on the
conpleted facility. Each step of the construction process throughout the life
of the facility is acconplished in conformance with this plan for fina

abandonnent .

There are many acceptabl e procedures for preparing a refuse disposal facility for
abandonnent . Selection of the best procedure is dependent upon the unique
conditions of each site. There are a nunber of ways for planning for abandonment
of a refuse disposal site. One of the nore inportant itenms is the need to obtain
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a continuous cover of topsoil and vegetation over the entire facility. This can
be accomplished either in increments as construction progresses, or after
construction is conplete. O her neans of obtaining a satisfactory cover is

planting directly

on the refuse material, using various refuse conditioners and additives as
required, or a conbination of both of these techniques. Regardless of the nethod
used, the desired end product and the reason for planting is to establish a
protective seal or barrier between the reactive coal refuse and the agents of
chemical reaction (water and oxygen).

If left uncovered, oxygen and water are free to infiltrate the refuse materi al
Two undesirable conditions will then occur, depending on the characteristics of
the refuse and its placenment. Acid |eachates will be produced that can seriously
alter downstreamwater quality. This drainage can also result in the corrosion
of exposed netal surfaces or embanknent structures. The oxidation of coal refuse
can also result in critical thermal buildups and possi bl e spontaneous conbustion
of the refuse naterials.

Anot her inportant function of the vegetative covering is to nminimze the
occurrence of erosion on surfaces of the refuse facility. |If allowed to progress
over an extended period of time, erosion can cause serious structural problens
and may even result in the ultimate failure of the facility.



CHAPTER 4 - | NSPECTI ON PROCESS

| NTRODUCT| ON

The follow ng discussion covers inmpoundnent and dam inspection procedures;
however, nobst of the procedures described can al so be applied to the inspection
of refuse piles.

The construction requirements for inpoundnents are specified in engineering plans
submtted by the coal conpany and subsequently approved by MSHA. Once a plan is
approved, there is an ongoing need to periodically check the operation and
condition of the disposal facility in order to determine whether it is in
conformance with the approved plan and to see whether any potentially dangerous
condi tions have devel oped. Approved plans are also required for the construction
of refuse piles where the lift thickness exceeds two feet, or the slope angle
exceeds 27 degrees and for the abandonnent of inmpoundments or hazardous refuse
piles. The construction requirenments for other refuse piles are specified in the
regul ati ons.

| NSPECTI ON PREPARATI ON

If an inspector has not previously visited a particular site, it is reconmended
that sonme tine is devoted to becone famliar with the general area. This is nopst
readily acconplished in the office using US Geol ogi c Survey maps, recent aeria

phot ographs, previous inspection reports, or a plan view of the facility. The
pl an view provides the field personnel with the means to accurately record the
| ocation of major problenms needing further eval uati on and nonitoring.

During the initial inspections, an inspector should make use of the Periodic
I nspection Formand the discussions in this section to be sure that all inportant
items are observed and noted. For quick reference in the field, the main points
in this section are sumarized in the Summary Qutline in Appendi x A

Equi prent whi ch may be needed during an inspection includes a tape or rule, an
i nstrument for neasuring slope angles, and a canmera. The tape or rule may be
needed to check critical dinensions, such as the width of a spillway. An Abney
| evel or other device may be needed to check for oversteepened slopes, and a
canera is invaluable in docunenting site conditions.

It is inmportant that a nmine representative acconpany the inspector during the

i nspecti on. The inspector can obtain information from the representative
regardi ng the operation of the refuse facility.

GENERAL SI TE CONDI TI ONS

During an inspection there are three el enents of concern in the general area
adjacent to a refuse facility. These are areas of downstream devel opnent, the
upstream wat ershed characteristics, and the physical characteristics of any
streamflowing away froma refuse facility. Al three elenents nust be eval uated
and any critical observations should be noted on the Periodic |Inspection Form
One form per site should be conpl eted by an inspector and subsequently submtted
to the District's inmpoundnent specialist if apparent deficiencies at a refuse
facility are observed

A Downst ream and Downsl ope Condi ti ons
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The approval of a planned refuse facility is contingent upon the structure being
designed in a manner that adequately considers existing areas of potentially

t hreat ened downstream or downsl ope devel opnent (Figure 26). As described in
Chapter 2, a facility is assigned a hazard potential rating on the basis of an
eval uation of existing downstream developnent. |[f, as an exanple, a facility has
little or no existing developnent (i.e: mine facilities, hones, etc.) located in
the downstream floodplain, it may be assigned a "low hazard potential”
classification and be designed to accommpdate only a relatively small storm
However, if enough new downstream devel opment occurs after the facility is
constructed, then a change in the design and spillway size may be required to
provi de nore downstreamprotection. It is therefore inportant that the inspector

notes this construction in the downstream area, and brings it to the attention
of the District staff.

In addition to noting all new downstream or downsl ope devel opnments, an inspector
shoul d al so note the abandonment or elimnation of existing facilities. This may
be important in the instance of abandoned mi ne openings or air shafts that can
very qui ckly becone overgrown with vegetation. Wile not imediately inportant,
know edge of abandoned installations nay be critical to a future nodification of
a nearby refuse facility.

Anot her type of situation to be noted involves a non-inpounding refuse facility
| ocated upstream from an active m ne. Figure 27 illustrates the follow ng
effects if such a site were to fail.

- An entry could be clogged by the sliding material, possibly t rappi ng
m ners or shutting off a source of ventilation;
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Thr eat ened devel opment downstream from a non-i npoundi ng,
side-hill refuse facility

- tenporary bl ockage of the streamby the material could create a

temporary i npoundnent that m ght also flood other entries; and

- if the stream bl ockage i s overtopped by the inpounded water, it could

wash away and possibly cause flooding in the nine

B. Wat ershed Condi ti ons

The design of a refuse facility is based in large part upon anticipated watershed
runof f flows. Any changes in the watershed that could bring about an increase
in the amount of this runoff could have a serious inpact on downstream refuse
structures. Changes could result fromthe construction of upstream inpoundnents,
such as recreation ponds or water supply dans. A failure of these structures
coul d have di sasterous effects on any downstream refuse facility. During the
initial inspection, the watershed conditions should be verified by the inspector
and any changes noted. As shown in Figure 28, typical changes in the watershed
whi ch shoul d be noted might include the follow ng:



- newy constructed darms;

- changes such as extensive logging, farming or strip m ni ng
whi ch woul d i ncrease runoff;

- changes in the upstreamroad patterns that may ef f ect
the path or volume of water runoff; and

- changes in residential or comrercial devel opnent.

C. Stream Characteristics

Al t hough not directly related to stability, the characteristics of any stream
flowing away from a refuse facility can provide an indication of potential

probl ens. Evidence of refuse siltation in downstream channels may indicate a
sedinentation problem that could lead to increased flood damage downstream

Downst ream deposition of coal refuse can result from the surface erosion of
refuse embankments or erosion of the embankment toe by an adjacent stream

Stream erosion can be corrected by protecting the enmbankment with riprap or
possi bly by adjusting the stream alignment.

Stream discoloration, due to suspended solids or acid drainage, indicates
possi bl e structural problens that nay require renmedi al action. These types of
changes in stream character should be reported by the inspector

CONSTRUCTI ON AND SI TE CONDI TI ONS

Many of the unsafe conditions that can occur at a coal refuse facility are due
to i nproper construction techni ques and procedures. Qhers can occur as a result
of undesirable operating methods or a lack of site maintenance. Typical exanples
of these causes include:

- the failure to properly prepare a foundation area;
- inproper placenment of enbanknment materials;

- poor location or inmproper construction of haul age and access
roads; and

- an unanticipated increase in refuse volume w thout adequat e
equi pment to place it.

It is not an inspector's job to constantly nmonitor facility construction or
operating procedures. However an inspector nust be able to recognize potentially
hazar dous conditions and deviations fromthe approved plan and react accordi ngly.
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Fl GURE 28
Typi cal watershed activity routinely reported by inspector

A Foundati on Preparation

The foundation area of a refuse enbanknent or dam should be cleared of al
vegetation. Buried vegetation provides a weak and undesireabl e foundation zone.
The existence of partially covered vegetation around the fringes of an
embankment indicates that insufficient effort was devoted to preparing its
foundation. The approved plan may also call for other foundation preparation
neasures to ensure stability. These nay include soft soil removal, cutoff trench
excavation and backfilling, or the placenent of special filters in key |ocations.

B. Pl acenent of Materia

Mat eri al placement procedures involve a variety of factors that could lead to
unsafe conditions. The strength of an enbanknent depends on the material being
properly conmpacted and this is one of the npst inportant aspects of embanknent
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construction. Plans nornmally require that the m ning conpany nake field density
measurenents at regular intervals to check that adequate densities are being
obtained. Any time it appears that effective conmpaction is not being achieved,
as evidenced for exanple by soft areas or rutting, this condition should be
brought to the attention of the District staff. Such practices are:

- the use of excessively thick lifts which do not permt adequat e
conpaction throughout the lift;

- the failure to scarify and/or moisten lift surfaces when they are
too smooth or too dry to properly bond to the next lift;

- the placenent of material that is too wet to be effectively
conpact ed; and

- the failure to provide conplete coverage of the conpaction equi prment
on each lift.

Due to the inportance of these items to the overall stability of the refuse
facility, the inspector is expected to note them and any deviations fromthe
approved construction procedures.

Particular attention nmust be given to the placenent of conbined refuse. This
material is fine coal waste which, instead of being disposed of by being punped
inslurry form is mxed with the coarse refuse. Due to its high water content,
conbi ned refuse can present handling and structural stability problens. Normally
it must be spread out and sone drying or draining must occur before it can be
effectively conpacted. D sposal plans involving conbined refuse nay have speci a
pl acenent procedures, which may differ in structural versus non-structural
portions of the embankment.

An inspector or specialist should be on site during the installation of a decant
pipe or a drain, and attention should be directed to poor construction practices
whi ch could lead to problenms later on. For exanple, the backfill around the
pi pes nust be well conpacted so that excessive seepage does not occur along the
pipe, and if flexible pipe is used, it is adequately supported. Mst of the |oad
carrying capacity of a flexible pipe cones from the support provided by well
conpact ed backfill. | nadequat e backfill conpaction can lead to excessive
defl ection and coll apse of a flexible pipe. Normally the backfill is placed in
thin lifts (typically 6 inches), so that it can be adequately conpacted with hand
hel d tanpi ng equi prent. Lifts should be placed alternately on each side of the
pi pe. Approved plans may or may not call for the installation of anti-seepage
col lars, depending on the particul ar design circunstances.

When a drain is being installed, the aggregate or l|larger rock portion of the
drain normal |y must be separated fromthe enbankment material by a filter |ayer
This filter may consist of a layer of sand or gravel, or in many cases, may be
a filter cloth or geotextile. The filter is placed to allow the water to seep
into the drain while holding back the enbanknent nateri al

Wth a geotextile, the inspector should be alert to any practices that could
result in an opening in the fabric. For exanple, the base should be fairly
uniformso that the fabric does not have to bridge over any |arge voids. Rocks
shoul d not be placed on the fabric, nor equi prent operated on it in such a manner
which could result in tears. Seans should be either sewn or sufficiently
over | apped so that they can not open up

C. Haul age or Access Roads
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| mproper construction and mai ntenance of haul age or access roads can create
potentially hazardous conditions. These potential hazards nmay threaten the
stability of the site and the safety of the equipnent operators using these
roads. An inspector should be aware of the followi ng three types of hazardous
road construction practices:

1. Construction of Roads on Existing Sl opes -

The construction of roadways on new (enmbankment) slopes is usually acconplished
at the sane time the enmbankment is being constructed. The roadway is extended

as the height of the enmbanknent is increased. |f done in this manner, fewif any
hazardous conditions are created. |If however, a roadway is cut into a conpleted
sl ope, serious sliding and erosional problems can occur and affect the stability
of the slope, as illustrated in Figure 29.

2. | nproper Gradi ng or Drai nage -

Wet her constructed on new or existing slopes, inproperly graded and drained
roads will eventually cause stability problens, as illustrated in Figure 30.
Runof f concentrated by the roads or in their drainage ditches can cause serious

Original embankment slope

improper roadway
excavation

leaves face of slope
too steep for -

Displaced material
after slope failure

Excessive erosion due to
concentrated runoff

arse refuse
bankment

Fl GURE 29
Sl oughi ng of embanknment material due to
i mproper construction of haul road
on existing sl ope
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gul Iy erosion, unless the ditches are properly designed and protected.

3. Di sruption of Hydraulic Structures -

In sonme instances, road construction can result in the inpairment or destruction
of a facility's critical hydraulic features. An extreme exanmple of this is
illustrated in Figure 31. A culvert and roadfill was placed in the spillway,
reducing its capacity. This could cause overtopping of the damduring a period
of heavy rainfall resulting in possible failure.

EMBANKMENT SLOPES

I nspecting enmbanknment slopes for signs of instability is one of the nost
i mportant requirements of the inspection process. The four major slope
conditions an inspector nmust | ook for are areas of unusual steepness, seepage,
sl ope movenent, and gully erosion. Wile a nunber of indicators of slope
instability can be seen from sone distance, many can not, and therefore require

Spillway flow
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blocks spillway fiow~__|

Pipe culvert

plan view
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by improper access road
construction

" Undesired increase
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a relatively thorough slope investigation and a planned inspection route.

A The I nspection Route

The inspection route is shown in Figure 32. This procedure mninm zes unnecessary
hi ki ng and optim zes the sl ope inspection process. Wile the particular route
taken by an inspector will vary, depending on access and the configuration of the
particul ar embankment, the follow ng procedures should be adhered to.

- walk along the entire top (crest) of the structure, making a criss-
cross pattern, starting at the edge of the slope for the entire width of
the crest, or for a distance equal to one-hal f the height of the
enmbankment ;

- wal k down the face of the slope in a criss-cross pattern in order to
observe the entire slope face;

- while wal king the slope, observe conditions where the slope neets the
natural hillside and al so inspect this slope for up to 100 feet fromthe
embankment at a nunber of |ocations;

- walk along the entire toe of the slope; and
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- walk a criss-cross path downstream fromthe toe to an appr oxi mat e
di stance of 100 feet and observe and record any unusual conditions.

B. St eepness of Sl opes

To ensure the stability of dam or enbanknent sl opes, they must be no steeper than
what is called for in the design. The correct angle or steepness is specified
in the approved plan. An inspector should check whether the slope angle is
correct or not. Noticeable changes in steepness can be observed by standing on
the slope and looking along its length. 1f a noticeable steepening is observed,
the inspector should describe its location in the notes.

C. Seepage Fl ows

Many enbankment failures have occurred due to the unantici pated and uncontroll ed
seepage of water through the structure and its foundation. Such seepage can
weaken a slope by saturating the slope material or by carrying away soil

particles in the process called piping. |In some cases seepage nmay not appear on
a slope until a facility has been in operation for several years. Therefore, the
| ocation of all seepage areas is very inportant. It is a good idea to inspect

i mpoundi ng structures shortly after

Inspection path for cracks on crest —_—
pection p e

, o ST "

S A
g Impoundment

=2l Y, embankment height
i whichever is less

Inspection path for seepage
cracks, sloughing, and
bulging on slope

Inspection path for seepage
and erosion where slope
meets hillside

Inspection path for seepage,
bulging, and erosion at toe

Fl GURE 32
Vi ew of embankment show ng inspection routes
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FI GURE 33
Poi nt source seepage

the occurrence of a heavy storm when the pool |evel is high. However, to avoid
confusi on between surface runoff and seepage, the inspector should visit the site
one to two days after the rain has conpletely stopped. The nost critical seepage
conditions include the foll ow ng:

1. Seepage Fl ows from Underdrai n Pi pes -

Oten seepage through an enmbanknment is anticipated, and a drain will be placed
within the structure during its construction to collect the water before it
surfaces on the slope face. A perforated pipe nay be placed within the drain to
collect, control and discharge the water away from the slope. The inspector
shoul d becone faniliar with the |ocation of any underdrain pipes exiting froma
sl ope. Any danage due to crushing, clogging or corrosion should be reported.

2. Seepage Flows at |sol ated Points -

Seepage through an enmbanknment may be | ocalized at a single-point source which
then flows down the slope to the enbanknent toe. As shown in Figure 33, this
type of seepage is detected by watching for noverment of water and tracing it up
the slope to its source.

Anot her inportant place to check for seepage is along the outside of any decant
or spillway pipe which passes through a dam If the pipe was not properly
installed, this area can provide a path for uncontrolled seepage and interna
erosi on of the dam

3. Seepage i n Abut nent Areas -

This type of seepage is often undetected because surface runoff is collected in
this area, disguising seepage points. Abutments should be inspected during dry
peri ods when surface drainage is not present. Water flow ng al ong the edge of
a sl ope should be traced upslope to deternine its source.

4. Seepage Energi ng over a Wdespread Area -
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When smal | seepage points spread out over a large area, their source is difficult
to detect because the flow at any one point is too snmall to cause a traceable
uphill pattern. Indicators of this type of condition can be change of col or,
soft areas, and changes in vegetation. The wunusual height or thickness of
vegetation may indicate that the area is being irrigated by seepage. Areas where
veget ati on has died nmay al so indicate seepage with a high acid content. Mny
times seepage is easier to locate in the winter, when the seeping water nelts
snow nore quickly than on adjacent drier areas. Oten when there is no snow and
very col d tenperatures, seepage can cause a buildup of ice on the slope surface.

5. Changes i n_Seepage -

A major inspection aimis not only to |ocate the exi stence of the above types of
seepage, but also to conmpare their volunes and appearance from one inspection to
the next. Any changes in the character of the water discharging froma seepage
source, such as clear water beconing cloudy and discol ored, or transporting dark
particles, as well as an increase or a reduction in the amount of seepage, or the
presence of new seepage areas should be noted, evaluated and reported. It is
good practice for conpanies to identify seepage areas using flags or stakes so
that changes in the areal extent can be readily detected.

Phot ogr aphs of seepage areas with any noted changes are very val uabl e records of
conditions at the time of the inspection and can record conditions that are
otherwise difficult to describe. Placing an object of known size, such as a book
or hardhat in the photographic field adds relative scale to the picture. An
i nspector should keep notes of seepage conditions for each facility in order to
better identify any changes.

D. Sl ope Mbvenent

When stressed conditions are being created in an enbanknent that could ultimately
result in a major slope failure, small movenments usually occur |ong before a
| arger, nore observable failure. A very inportant part of the sl ope inspection
therefore involves |locating any of these smaller slope nmovenents. \Wile signs
of minor nmovenent do not necessarily nean that failure is inmmnent, they should
be technically evaluated as quickly as possible. Signs of novenent, that shoul d
be carefully noted, include:

1. Cracks on the Enmbanknent Crest -

The total width of the crest or distance equal to one-half the total height of
the embanknent (whichever is less) should be checked for cracking. The
appear ance of cracks which can vary from hairline openings to openings of six
i nches or nore should be reported inmediately for further technical eval uation.
Hairline cracks may be an indicator of minor novenent due to enmbanknent
settlement or surface weathering. As the width of a crack increases and begins
to show signs of vertical displacement (scarp), and/or if cracks progressively
appear farther back fromthe edge of the slope, the potential for the occurrence
of a failure increases (Figure 34). Such conditions should be brought to the
attention of the owner's representative and the District staff. The owner shoul d
al so be requested to | eave such cracks exposed until they are evaluated by a
speci al i st. It is good practice for the conpany to mark the extent of any
cracks, such as with stakes, so that it can be determ ned whether they are stable
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or if movenent is continuing to occur.
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2. Cracks on the Enbanknent Sl ope -

Normal | y, such cracks will be near the top of the slope, although they can occur
at any location. Vertical novenent can indicate the initiation of a large slide
pl ane, which could nmove nore rapidly at any tinme. The existence of many snall,
short cracks, at several |evels down the slope may indicate a slow or creeping
novermrent which is less likely to nove rapidly (Figure 35). A description of the
nunber, length and | ocation of all observed cracks should be reported i nmedi ately
by the inspector.
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FI GURE 35
Series of hairline cracks on enbanknent
sl ope indicating sl ope novenent

3. Bul gi ng -

When a |l arge crack is observed, it indicates that a portion of the slope has
noved. This novement usually produces a bul ging of naterial at the bottom of the
slide area. A bulging condition is often easier to detect than a crack, which
may be disturbed and di sgui sed by ongoing operations of the enbanknent surface.
The nost frequent bulge location is at the toe of the enbanknent where the sl ope
neets the foundation (Figure 35). However, bul ges can also occur in the mddle
of the slope or downstreamfromthe toe in the foundation naterial. Wen bul gi ng
at any location is observed, the inspector should wal k directly up the slope from
its location to try to locate a corresponding crack at the top of the sl unped
ar ea. The accurate location of both conditions is very valuable to any
subsequent technical review.

4. Sur f ace Sl oughi ng -

One final type of sliding that has less initial inmportance to safety, but which
can progress to a nore critical condition if left uncorrected, is a shallow
surface novenent of a small area on the sl ope. This type of novenent nost
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frequently occurs on slopes during the spring thaw period. Simlar novenents can
often be observed along spillway cuts during the first several spring thaws after
their construction.

In addition to noting the presence of any cracks, bul ges or surface novenent of
material, the inspector should al so describe the approxi mate wi dth of each crack
and its length, record the size of any bulging, record the overall size of any
surface displacenent, record the |ocation of each of these signs of instability
on the sketch of the enbanknent slope, and describe any observed relationship
bet ween seepage areas and bul gi ng, cracking or surface novenent.

E. Er osi on

M nor surface erosion is a typical condition on nost slopes before vegetation is
establ i shed and final drainage ditches are constructed. Wile such conditions
shoul d be noted and brought to the attention of the owner for correction, they
are not serious and are not a cause for imedi ate safety concern. Severe erosion
that cuts deep gullies on either the slope surface or at the abutnent can be
serious. This type of erosion can beconme much worse during a single rainstorm
When a gully becomes sufficiently deep, support to the adjacent embanknent is
| ost and major sliding or a total collapse can occur.

Any tinme an area of deep erosion is observed, its location should be noted and
the inspector should attenpt to determ ne the source of water which is causing
it. If the cause is not obvious, the inspector should deternine if najor seepage
is occurring in the zone being eroded. Zones of seepage are nornally nore
susceptible to erosion because of their water-induced softness.

DOANSTREAM FOUNDATI ON CONDI TI ONS

In addition to the enmbanknent surface conditions, inspecting the foundation areas
i mredi atel y downstream fromthe enbanknent is also essential to determ ne whether
or not undesirable conditions nay be devel oping. An exanple of how inportant
foundation inspection can be is illustrated by the damfailure at Saunders, Logan
County, W (Buffalo Creek). Post failure studies indicated that instability
began al ong a slide plane through both the enbanknent sl ope and the downstream
foundation material. 1t is probable that detailed inspection of this facility
several hours before the failure (and possibly nmonths before) would have
di scovered evidence of cracking on the enbanknent slope, and bul ging of the
foundati on material for a short distance downstreamfromthe toe of the slope.
Al so, the inspection might have reveal ed soft, wet areas or seepage discharging
fromthe foundation. Early detection of such conditions by skilled observers can
prevent simlar failures in the future.

The inspection of the downstream foundation conditions is in nmany ways simlar
to the investigation of enbankment slopes. However, downstream inspections are
limted to | ocating and descri bing seepage flows or possible boils, foundation
noverment such as bul ging i ndicated by unnaturally tilted vegetation, and severe
erosion. Figure 36 shows the type of route that should be taken to properly
i nspect downstream conditions. This path will depend upon access, configuration
of the toe, and the topography of the foundation. The follow ng can be used as
a general guide for conducting the foundation inspection.

Walk along the entire toe of the slope at the deepest portion of the enbanknent.
Walk in a zigzag pattern between the toe and about 100 feet fromthe toe at the
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Fl GURE 36
General guide for foundation inspection

deepest portion of the enmbanknent. Walk along the natural slopes or abutnents.
During this part of the inspection, the inspector should occasionally walk
parallel to the natural slope away fromthe enmbanknment up to a distance of 100
feet to observe conditions on the hillside. Just as with the inspection of
embankment sl opes, any inportant observations should be |ocated on a plan view
drawing or a sinplified plan view sketch

A Seepage

Seepage from downstream foundation areas is usually nore common than seepage on
t he embanknment slopes. This is due to the fact that the internal structure of
an embankment can be better controlled during construction to mnimize future
seepage through the embankment. Subsurface and foundation conditions are nore
difficult to nodify and therefore seepage may occur nore readily in these
downstream foundati on areas, as shown in Figure 37. Seepage fromthe i npoundnent
area that flows through foundation material and either energes at the toe, or
sone di stance downstream is nore critical than seepage froma controlled and | ow
phreatic line energing on the enbanknent slope. In instances where foundation
seepage occurs, stability of the enmbanknent can be significantly threatened and
the potential for eventual failure is greater. Conversely, if seepage is caused
by natural groundwater flow ng through hard-rock fractures beneath an abutnent,
the condition may not have any effect on the stability of the enmbankment. The
i nherent stability of the rock will keep conditions from deteriorating.
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Anot her serious indication of downstream foundati on seepage is the formation of
boil-like features in the saturated areas. These distinctive features have the
appearance of small vol canos and normally occur in the flatter portion of the
downstreamvalley floor. A special inspection effort nust be made to detect this
type of seepage when it occurs under water in either a shallow streamor in a
ponded ar ea.

The nost critical aspect of inspecting for downstream foundation seepage is to
not only locate the existence of the seepage flows, but also to conpare the
anount and appearance of such flows from one inspection to the next. Any
signi ficant changes should be brought to the attention of the district staff.

B. Foundati on Movenent

Si mul taneous with the exam nation for seepage zones, an inspector should | ook
carefully for any signs of downstream foundati on novenment. |If this noverment is
linked with slope novenent, it will usually occur in a horizontal direction away
fromthe slope, or can be a bul ging novenent, where the foundation material is
pushed upwards. Because npbst downstream foundations do not initially have a
snmoot h surface, recognizing this type of nmovenent can be difficult. However
some of the nobre common indicators of foundation noverment are sharply rising
ridges that can vary in height fromsix inches to several feet and run paralle
to the toe of the slope, or the unnatural tilting of trees or other vegetation
as shown in Figure 38.

When these signs are observed, the inspector should then investigate the toe and
sl ope for correspondi ng cracks, as well as other signs of novenment that appear

"‘5§=!;‘;://%§§§;Z/
> e : Impoundment

Fl GURE 37
Seepage energi ng downstream
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Fl GURE 38
Embanknment novenent form ng parallel ridges
and tilting vegetation on valley flow

to be related to areas of seepage or erosion. All signs of nmovenent should be
noted and reported.

C. Er osi on

Erosi on conditions of the undisturbed downstream foundati on areas are usually not
critical unless undercutting of the toe occurs. This condition may be caused
by abnormally large stream flows or wuncontrolled discharge of hydraulic
structures.

SLURRY | MPOUNDMENTS

The disposal of fine refuse as a liquid slurry into an inmpoundnent normally
requires the construction of a dam Exanples of these types of facilities are
di scussed in Chapter 2 of this Handbook. A damrequires a great amount of care
during its design and construction because of the | arge volunme of water that can
be retained, presenting a potential hazard downstream Normally, dans require
a greater anmount of attention by the inspector than do refuse piles.

Most signs of potential inpoundnment problens are observed on its downstream
slope, in the foundation area downstream fromthe structure, along the spillway,
and in the vicinity of the decant system The follow ng discussions cover
additional areas of concern that the inspector should evaluate during the
i nspection of an inpoundnent.

A Wat er _Level

Water |evel control during normal operating conditions is usually provided by a
decant installed to discharge excess water to a predeterm ned level. Significant
increases in the water level fromone inspection period to the next, during which
time there were no large rainfalls, may indicate that the decant is clogged or
ot herwi se mal functioning. The opposite may al so occur, and a sudden drop in the
wat er | evel between inspections may indicate the presence of a seepage problem
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During an unusually heavy storm the water level in nost inmpoundments is
controll ed by an emergency spillway that discharges all water above the invert
of the spillway. The decant system drains the remaining water to its nornal
i mpoundnment | evel . An inspector is wusually not present to evaluate the
functioning of the hydraulic structures during a storm However, an inspector
shoul d determine if the water |evel remains unusually high for an abnornal period
after a storm

B. Exi sti ng Enbankment Freeboard

The freeboard of an embanknment is defined as the "vertical distance fromthe
wat er surface of the inpoundnment to the | owest point on the enmbankment crest,"”
as shown in Figure 39. The amount of freeboard required for any given
i mpoundnment varies with the design of the dam |If the freeboard distance is
smaller than it should be, there is a danger that the dam may be overtopped and
may fail during a |arge storm

The amount of freeboard is particularly critical for slurry inpoundnents because
the water |evel increases over tine as slurry is added. This continuing increase
of the inmpoundnent |evel requires periodic increases in the dams height. |If the
rate of slurry disposal is greater than originally planned, or if the dam hei ght
is not raised at the proper time, the freeboard can beconme | ess than is needed
to temporarily store runoff froma heavy storm If the actual freeboard is |ess
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than the requirenents on the approved plan, appropriate action should be taken

C. Slurry Discharge Location

In order to minimze seepage related stability problenms at an inpoundnent, it is
desirable to keep the water portion of the inpounded fine refuse slurry as far
away fromthe retaining damas is practical. This is acconplished by |ocating
the slurry discharge line near the upstream face of the dam

As the slurry is punped into the inmpoundnent, the heavier, nore coarse particles
will settle out of the slurry near the face of the dam The water and finer
mat eri al are forced upstream and away fromthe face of the dam However, the
slurry should not be discharged directly onto the upstream enbanknent sl ope, as
this can cause erosion and the structure may be substantially weakened.
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D. Enbanknent Condition
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An inspector must investigate the upstream slope of the damas carefully as the
downst r eam sl ope. Al t hough seepage is not a concern on the upstream sl ope

sliding and sloughing novenents and erosion are. observabl e signs of slope
novermrent are essentially the sane as those previously described in Section E-4
of this chapter. Bul ging at the bottom of the sliding material may not be

evi dent on upstream sl opes because the | ower portion on the enbanknent slope (the
upstreamtoe) is normally covered with fine refuse materi al

Qilly erosion, due to stormrunoff fromthe damcrest or from adjacent hillsides,
can al so become a matter of serious concern on the upstream sl ope of the dam
If not detected and controlled, this type of erosion can eventually cut
conpl etely across the damcrest, and subsequently reduce the freeboard.

E. Exposed Fi ne Refuse Surface

I f an inpoundment has been properly constructed and its drainage facilities are
functioning, the exposed surface of settled fine refuse in the inpounding area
shoul d be uniformy sloping anay fromthe slurry discharge point. Visible sunps
or sink holes occurring on the fine refuse surface may be an early indication
that fines are being transported by seeping water through the enmbankment or
f oundati on. If the condition goes uncorrected, these sink holes can enlarge
rapidly as nore particles are transported through the structure. The downstream
sl ope and foundation area should be exanm ned for a seep which shows evidence of
transported fine refuse material. If this condition, called piping, has
devel oped, it will have serious inplications if not pronptly corrected by the
owner. Any sudden appearance of sink holes that were not present during previous
i nspections should be brought to the immediate attention of the District
speci al i st.

HYDRAULI C STRUCTURES

Drainage facilities include all pipes, channels and ditches that are excavated,
constructed or installed to convey water past an enbankment. A decant or
spillway failure during a very heavy stormcoul d cause the water level to rise
up and overtop the dam Once a damis overtopped its failure and rel ease of the
reservoir is likely. So an inspector needs to be famliar wth drainage
structures and be able to recognize conditions that either inpair or destroy
their proper operation.

A Open_Channel or Cul vert Spillways

The purpose of a spillway is to safely discharge heavy storm flows from an
i mpoundnent. Mbst spillways are constructed by excavating a | arge channel in the
natural hillside around the abutment of the dam Some spillways are constructed
by placing | arge dianeter pipes through the enmbankment. \Whatever the type, it
is important that the size of the spillway, and the vertical distance between the
inlet and the crest of the dam is at least as large as the approved plan
specifications. Qherwise the spillway will not pass the intended flow and the
dam coul d fail by overtopping. Sone of the inspection requirements for an open
channel spillway are

- Is there bl ockage of the channel due to debris or from sl oughi ng
or sliding of material? |If so, then the channel shoul d be cleared. |If
it appears that blockage may be a chronic problem it should be
brought to the attention of the conpany and the District staff for

further eval uati on.

- Are areas, susceptible to erosion, adequately protected? Areas with
sharp bends or steep grades are particularly prone to erode. |If the
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channel, or a portion of it, is not cut into conpetent rock, then
erosion protection, such as a lining of concrete, riprap, or grass, is
normal |y required. The type of lining called for depends on the

velocity of flow for which the channel is designed and approved
for.

- Is the concrete liner cracked, badly spalled, or displaced? Are

t he weep hol es open so that the water pressure under the liner might be

di ssipated? Has riprap been washed away, exposi ng underlying soil to

erosion? |s the rock dis- i ntegrating due to weathering? Any other

signs of sign- ificant erosion or evidence that the channel may not be
able to contain the flow

- Does the channel outlet extend far enough downstreamto safely
di scharge the flow past the dan? |If the spillway outl et channel is not
constructed to proper depths and grades as called for in the approved
pl an, a breach or overfl ow of the channel could result in the storm
wat er di schargi ng onto the downstream sl ope of the inpounding
structure

In addition to the inspection itens |isted above, an inspection of a culvert
spil lway should include the follow ng:

- Is the pipe entrance free of debris? 1Is a properly designed and
mai ntai ned trash rack present to ensure that the pipe can not be
bl ocked; and
- Has the pipe been damaged in any way? This would include crushi ng,
corrosion or cracking due to uneven settlenent. These itens could
reduce the capacity of the pipe during design flows.

B. Decant s

The nost common decant system consists of a pipe installed beneath the enbanknent
with a vertical or sloping inlet section which has an opening at the desired
wat er | evel (see Figure 25, Chapter 3). Because of the continuous disposal of
fine refuse, the inlet pipe must be periodically raised to acconmodate the rising
wat er surface. However, due to the inportant relationship between the normal
pool level and the required storm capacity of the inmpoundment, the inlet pipe
cannot be arbitrarily raised. |f the pipe appears abnornmally high, for instance
hi gher than the spillway invert, then this condition nmust be corrected.

It is very unlikely that an inspector will be present during a major stormto
observe decant performance. It is therefore inportant that the normal operation
of a decant be closely observed. Decants at inmpoundnents provide the foll ow ng
three inmportant functions of which the latter one is usually the nost critica
with regard to safety. A decant routinely discharges clarified water fromthe
i mpoundnent, it discharges inmpoundnent inflows occurring as a result of small
rainstorns that cause relatively small increases in the elevation of the water
surface, and it renmoves |l arge volunes of short-term tenporarily stored water
that inflows into an inpoundnment as a result of unusually severe stormactivity.
Decant inspection should include the follow ng:

- Clogging of the decant inlet or a portion of its pipe is a conmon
cause of decant mal function. The intake should be equi pped with a trash
rack designed to prevent large pieces of floating material fromentering
the pi pe. Trash racks need to be cl eaned periodically and possibly al so
need repair.
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- Because of the small size of nobst decant pipes, and because they are

buried, an inspector can observe only the inlet and outl et areas.
Therefore, the inspector should exani ne these areas very carefully for
any signs of cracking, crushing, corrosion or other indications of
di stress which may be occurring in other portions of the decant.

- The decant outlet channel should provide for the safe di scharge of
flow away fromthe dam The outl et channel shoul d be inspected for
cl oggi ng, deterioration or other mai nt enance probl ens.

C. Punps

Sorre i npoundnents have punps to maintain normal water level and to renmpve storm
wat er . If punps are being used, the inspector should observe the genera
appearance of the punps and the power source, deternine if the water level is
being maintained as specified in the approved plan, and inspect the punp
di scharge point to ensure that it cannot cause erosion problens.

D. Di version Ditches

Diversion ditches vary in size, location, configuration and purpose. Sone
di version ditches are an integral part of the overall design of an inpoundnent.
However, nost diversion ditches are installed to keep storm water away from
construction areas. During the inspection, observations for the follow ng
condi tions

shoul d be nade:

- bl ockage of a ditch due to heavy growh of vegetation, sl oughi ng of
side slope material or accunul ati ons of debris;

excess
i v e
erosi o
n

- di scharge points causing erosion problens in critical areas; and

- deterioration of the channel I|ining.

| NSTRUVENTATI ON

Various types of instrunentations are used to nonitor the |ong-term behavior of
an enmbankment. This instrunmentation can be placed either on the surface of a
structure or within its interior, depending on the nature of the instrunentation
and the nonitoring requirements. Sone of the above types are discussed in the
fol | owi ng paragraphs. An inspector should become famliar with these instruments
and their |ocation on a dam

A Pi ezonet ers

Inits sinplest form a piezonmeter is a section of pipe installed vertically in
ei ther an enbanknment, adjacent hillside, or foundation area, which allows the
depth to the saturation level or groundwater to be nmeasured. The piezoneter
pipe, with snmall holes or slots at the bottomend, is inserted into a drilled
borehol e and the space around the pipe is backfilled with sand or gravel. The
upper portion of the borehole is then sealed with clay or cement to keep surface
water frominfiltrating around the pipe (Figure 40). The distance down to the
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water is nornmally measured by lowering a probe which conpletes an electrica
circuit when it contacts the water in the pipe. Sone types of piezoneters, such
as pneumatics, consist of cells and small size tubing which are buried in the
enbanknent or foundation. The tubes are brought through the fill and when a gage
is connected to themthe water pressure at the cell can be measured and recorded.

The stability of a damis directly related to its saturation |evel; acceptable
pi ezonetric readings are determned during the design and are indicated in the
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As with other types of instrunentation, an inspector is not responsible for
properly locating and installing piezometers. However, once these instrunents
are in place, the inspector should periodically inspect themto ensure that no
conditions exist that interfere with their operation. Such adverse conditions
could include the foll ow ng:

- The operation of construction equi pnent next to or in the vicinity of
the piezoneter casings, which might disrupt or destroy the proper
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functioning of these instrunents. In active work areas al
instrunentati on and casi ngs shoul d be protected by a substantial guard.

- The absence of a protective cap, due either to vandalism or oversi ght,
could lead to either accidental or wllfull filling of the
pi ezonet er pi pe.

- Conditions where surface drai nage or periodic runoff can enter the
borehol e or the piezoneter pipe itself; the surface area around the
pi ezoneter should be sealed with



clay or cenent.
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B. Wei rs and Underdrain Pipes

The nonitoring of surface water flows or seepage di scharges can provide critica
information in evaluating the safety of a dam These di scharges can be neasured
as they energe at one particular point source beyond the toe of the structure.
The use of a V-notch or rectangular weir can be hel pful in measuring discharges
(Figure 41). A weir is calibrated so that the discharge over it can be
determ ned by neasuring the head of water just upstream of the notch. The
records kept from such neasurenents can be very useful in the overall evaluation
of the structure by indicating, for exanple, whether a drain is functioning

properly.

Al surface flow instrunentati on must be properly maintained. Any cause of weir
mal functi oni ng shoul d al so be reported. These causes can include such things as
the deterioration of weir naterial, flow bypassing the weir due to erosion around
or under the weir, damage due to excessive flows, obstructions, or construction
activity, which can cause gradual buildup of sedinmentation behind a weir and
destroy its useful ness.

\\\‘\\_\\\\\

W

N

b. Extended life installation

FI GURE 41
Illustration of typica
weir installations
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In the case of pipe discharges, an inspector should note and report any pipe
deterioration, clogging or other type of obstruction caused by either natura
conditions or nearby construction activity.

C. Survey Monuments

Survey nonuments can be constructed in a number of ways that vary from sinmply
driving a reinforcing rod into the enbankment to constructing nore pernmanent type
nmonurrent s of poured concrete with protective covers (Figure 42). An inspector
shoul d be aware of their |location, and any construction or machinery activity in
the vicinity of these nonunments that could disturb or destroy them

D. O her I nstrunentation

Casings or wells in which inclinometers are used to neasure internal horizonta
noverment, settlenent gauges used to neasure vertical novenent within an
enbanknent, and thernocouples to nmeasure tenperatures within the enbanknent can
be used for specific problens.

ADDI TI ONAL CONSI DERATI ONS

O her aspects of a refuse disposal site which an inspector should be faniliar
with include the potential for the refuse to burn, and the possibility of mne
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subsi dence.

A Burning within a Refuse Structure

| mproper construction of a coal refuse facility can create conditions that
encourage rapid oxidation of the pyritic materials, a correspondi ng tenperature
bui | dup and eventual spontaneous conbusti on and burning of the interior refuse
material. This can occur due to inadequate conpaction and/or the inproper m xing

of larger rock with the refuse which allows |arge volunes of oxygen to infiltrate
the refuse structure.

The presence of burning in an active refuse facility should be a critical concern
to an inspector. The continued use of such a facility is usually permtted,
provi ded the burning can be confined to a snall area of the enmbanknent and no new
refuse is placed in the vicinity of the burning. However, this decision is made
by the District specialist, not the inspector. When inspecting a burning refuse
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facility, an inspector should be particularly concerned with

- Any changes in the extent, location or character of the bur ni ng
ar ea. If it appears that the burning has increased or dimnished in
size or intensity since the previous i nspection, the inspector
shoul d describe this change on the Periodi c I nspection Form and report
it to the District speci al i st.

- The unapproved pl acenent of refuse material over the burning portion
of the facility. |If such practices are observed by the inspector, the
District specialist should be notified i medi ately. An appropriate
description of this activity should also be nade on the inspection
form

- Any unauthorized efforts to extinguish the burning area. Sone
ext i ngui shnment procedures can seriously reduce the stability of the
refuse structure. For this reason, no firefighting actions are
permtted unl ess they are perfornmed in accordance with a plan approved

by the District Manager

B. M ne Subsi dence

In some cases there may be underground or auger mining near or under a refuse
di sposal facility. The occurrence of subsidence or the devel opnment of a sinkhole
under or near an inmpoundment could have a serious effect on its safety. An
active underground nmine could be endangered by an inundation of water. Any signs
of m ne subsidence near or on a damor refuse facility should be reported to the
District staff for further evaluation



CHAPTER 5 - | MPOUNDI NG STRUCTURES SAFETY DESI GN PROCEDURES

The foll owing material should be used by MSHA personnel who review active or
proposed i npoundnment design plans in accordance with the inmpoundment plan
approval process. MSHA intends to periodically update and expand the
information as it is needed.

Information in this Chapter that was obtained from MSHA Procedure Instruction
Letters, may be acquired by coal mne operators or designers of coal mne
i mpoundi ng structures, by ordering Informational Report (IR) 1206, titled
Presentations fromthe 1992 Coal M ning |npoundment |nformational Meeting.

A Conpaction Specification
1. Proper conpaction of enmbankment material is one of the nost
i mportant elenents in the construction of a safe dam As stated
in Engi neering and Design Manual - Coal Refuse Disposa
Facilities, E. D Appolonia Consulting Engineers, Inc., 1975, "Any
soil placed as a constructed structural fill, including coa

refuse enmbanknents, is normally conpacted to increase density and
shear strength and to decrease conpressibility and perneability."
Testing has shown that a small change in the density of coarse
coal refuse can have a significant inpact on some of its
properties.

Conpaction specifications need to place acceptable limts on the
m ni mum dry density, the range of placenent water content, and the
maxi mum lift thickness. |In arriving at these specifications, it
is prudent that the recommendati ons and practices of authoritative
and experienced dam buil ders, referenced in Item 2, should be used
for guidance. The follow ng recommendati ons are made for the
structural fill portions of inpounding structures:

a. Mat eri al should be conpacted to at |east 95 percent of the
maxi mum dry density as defined by the standard Proctor test,
with the placenment water content not exceeding the range of
-2 to +3 percent of optinmm

b. In conpacting coarse coal refuse, the lift thickness should
not exceed 12 inches. \When fine-grained soils are used for
enbankment construction, lift thickness shoul d not exceed 8
i nches.

C. For materials where the Proctor npisture-density

rel ati onshi p does not apply, specifications should be based
on relative density test val ues.

Less stringent conpaction specifications than those cited above
woul d not generally be consistent with current, prudent

engi neering practices. Plans with such specifications cannot be
recormended for approval unless a detailed technica

justification, which denonstrates that the proposed practice would
have no adverse effect on the safety of the dam can be provided
by the designer. The designer would need to show through testing
and anal yses that all potential problens, including settlenent,
cracking, piping, instability, stratification, and seepage, have
been taken into account in the design and that conpensating design
features have been incorporated. It should be noted that |ess

Rel ease 2 (Cctober 15, 1993)
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stringent conpaction specifications can generally be used in areas
that can be shown to be "non-structural" portions of the dam

Sone pertinent references on conpaction specifications are as
fol |l ows:

a. Naval Facilities Engi neering Conmmand, NAVFAC DM 7.2, My
1982, Table 4, page 7.2-46. For earth dans greater than 50-
feet high, the required density is 95 percent of nodified
Proctor, noisture limts of -1 to +2 percent of optinum and
12(+)-inch conpacted lift thickness.

b. Corps of Engineers, Earth and Rock Fill Danms, EM 1110- 2-
2300, March 1971, pages 5-13. "Selection of design
densities, while a matter of judgenment, should be based on
the results of test fills or past experience with simlar
soils and field conpaction equi pnent. The usual assunption
is that field densities will not exceed the maxi num
densities obtained fromthe standard conpaction test nor be
| ess than 95 percent of maxi num densities derived fromthis
test."

C. Bureau of Reclanmation, Design of Small Danms, Third Edition
1987, Table E-1, page 657. Cohesive soils controlled by
Proctor test having 0-25 percent plus No. 4 fraction by
wei ght shoul d have a m ni mum acceptabl e density of 95
percent and a desirable average density of 98 percent; and
26-50 percent plus No. 4 fraction by weight should have a
m ni mum accept abl e density of 92.5 percent and a desirable
average density of 95 percent. NMdre than 50 percent plus
No. 4 fraction by weight should have a m ni mum accept abl e
density of 90 percent and a desirable average density of
93 percent. These percentage densities are based on the
mnus No. 4 fraction and |limt noisture content to -2 to +2
percent of optinmum Permeability testing should be
performed on cohesive soils that contain nore than 50
percent gravel and are used as a water barrier

d. S. K Saxena, D. E. Lourie, and J. K Ras, Conpaction
Criteria for Eastern Coal Waste Enbankments, Journal of
Geot echni cal Engi neering, Volume 110, No. 2, February 1964.
"Recomrendation - Based on the findings of this study, it is
recormended that coarse coal refuse, typical of eastern
United States coal regions, be conpacted near the optimm
noi sture content to a density greater than 95 percent of
maxi mum dry density determ ned in accordance with ASTM D
698. Conpacted lifts should not be greater than 1 ft.
(0.3m in thickness."

B. Graded Filters

There are several axions that apply to dam design, construction, and
operation. First, all dans |eak. Second, the |eakage nust be
controlled. 1In concrete dams the expected seepage is accomopdat ed

t hrough the inclusion of collection galleries, whereas granul ar drains
are comonly enployed to control seepage in earth structures. Wen

Rel ease 2
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including a drain or filter in an earth structure, the designer should
al ways consider material conmpatibility. That is, the granular materia
serving as the drai nage nedi um shoul d be nmuch nore perneable than the
material (base soil) from which the seepage flowed. It should al so
exhibit explicit grain size grading to preclude the potential for base
material particle mgration. There are two nmjor cal cul ative nethods
avail abl e to determ ne piping potential and drain adequacy.

The first method was devel oped by Bertram and Terzaghi in the early
1940s and is still widely accepted. This procedure can be found in the
Engi neering and Design Manual - Coal Refuse Disposal Facilities as wel
as Cedergren's Seepage, Drainage, and Flow Nets, Sherard's Earth and
Earth- Rockfill Dams, and Seepage Analysis and Control for Dans by the
Cor ps of Engineers.

The second net hod was devel oped by the Soil Conservation Service (SCS)
in their Soil Mechanics Laboratory in Lincoln, Nebraska. It becane the
SCS official policy on January 15, 1986, with the publication of Soi
Mechanics Note No. 1, 210-VI-Guide for Deternining the Gradation of Sand
and Gravel Filters. After reviewing the work done by the SCS, the
Bureau of Reclamation has al so adopted this nethod of designing graded
filters. A design standard was published on May 13, 1987, by the Bureau
of Reclamation titled Design Standards - Enbanknent Dans No. 13, Chapter
5, Protective Filters.

Criteria differences exist between these authoritative sources, but both
nmet hods are well docunented and w dely accepted. MSHA deviates from

t hese procedures in only one area. The criteria specify that average
gradation band sieve size values should be utilized in devel opi ng sieve
ratios. |In each method, devel opers assunme parallel, narrow, well
defined gradati on bands representative of well-controlled, manufactured
granul ar drain material and rel atively honbgeneous base soils. Mny
filter and drain gradations exanmined by the Ofice of Technical Support
personnel reveal that the bands are neither narrow nor parallel to the
base material. Therefore, MSHA will continue to utilize extreme limt
values in their anal yses of associated gradation bands. It should be
noted that, except for the deviation in the standard procedure mentioned
above, all criteria listed in the nethod utilized should be foll owed
explicitly.

If any other nethod is to be used, sufficient docunentation and proof of
accept ance shoul d be subnmitted.

C. Reservoi r Evacuation by Punping

VWhen punps are used as part of the hydraulic system prudent engineering
practice rmust be followed to ensure adequate safety. The follow ng

di scussion presents ideas that mght be helpful in the design and review
of a punp facility.

First, a punp system may not be used to route stormrunoff through an

i mpoundnent. Second, if a punp systemis the prinmary evacuation
strategy for an inpounding structure, the punp system nmust neet the
drawdown criteria of renoving

90 percent of the volume of water stored during the design event within
10 days.

Rel ease 2 (Cctober 15, 1993)
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Since many types of punps are avail able for various functions, it wll
be necessary to have all pertinent design data submtted regarding the
proposed punmp facility. It nust be substantiated with design

cal cul ations that the punps can discharge the inmpounded runoff fromthe
design stormunder all possible conditions within the allowable time.

Because of the possibility of operational punp failure during the
initial stages of the design storm an inmpounding facility wi thout an
adequate spillway must be of sufficient size to store the runoff from
the appropriate design event. A backup punmp capabl e of neeting drawdown
criteria should be inmediately available in case the primary punp fails.

Upon initial installation, the punps should be operated for a sufficient
length of time to ensure proper operation of the system Since it is
possi bl e that capacity under actual conditions will vary fromthe

manuf acturer's data, the outfl ow shoul d be nonitored and recorded
whenever the systemis tested.

The design operating criteria should include the requirenment that the
punp system be activated for a short tine once every week to ensure that
damage has not occurred within the system It should also be required
that the punp system be activated just before a forecasted storm of
significant magnitude. Check valves should be installed on all punps to
prevent reverse flow that could cause damage to any punp's interna
mechani sm

Due to the nature of significant stormevents, electrically powered
punps that obtain their power from sources away fromthe i mediate
vicinity of the punp are unacceptable. Power |ines and electrica
auxiliary power sources may becone inoperable during a storm The only
accept abl e power source is an internal conbustion engine, either coupled
to the punp or as an adjacent generator specifically for the punp. The
met hod of storage for the punp's fuel supply should be clearly
presented. Since additional |ocal, state, and federal regulations my
apply to such installations, it is the mning conmpany's responsibility
to ensure that appropriate agencies are contacted and that their

requi rements are consi dered.

It will be necessary to eval uate each systemon its specific design
features. Therefore, the designer nust subnit conplete design criteria,
data, calculations, and all other pertinent information that will
clarify the punmp system design.

D. Pressure Testing of Spillway Conduits

Leakage probl ens have occurred in a number of pipe installations. Both
infiltration and exfiltration have been observed. As a result, MsSHA
requires pressure testing of all pressure conduit spillways. Joints

al so need to be tested in sone non-pressure situations where conditions
are such that |loss of backfill or slurry could occur due to infiltration
or | eakage along the pipe. For guidance on this subject, specifications
from ot her organi zati ons have been exam ned and t hose that appear
applicabl e are di scussed bel ow.

The Soil Conservation Service (SCS) has two specifications; one for
pressure pipe and one for non-pressure pipe. |In the Nationa

Rel ease 2 (Cctober 15, 1993)
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Engi neeri ng Handbook, Section 20, "Construction Specification 42:
Concrete Pipe Conduits and Drains," the SCS, for non-pressured
applications states that:

Prior to the placenent of concrete or earthfill around the
conduit, the conduit shall be tested for leaks in the follow ng
manner: The ends of the conduits shall be plugged and a standpi pe
with a mninumdianmeter of two (2) inches shall be attached to the
upstream plug. The conduit shall be braced at each end to prevent
slippage. The conduit and the standpipe shall be filled with
water. The water |level in the standpi pe shall be nmaintained, by
conti nuous punping, a mnimm of 10 feet above the invert of the
upstream end of the conduit for a period of not less than two
hours. Any | eaks shall be repaired and the conduit shall be
retested as descri bed above. The procedure shall be repeated
until the conduit is watertight.

The pipe joints shall show no | eakage. Danp spots devel opi ng on the
surface of the pipe will not be considered as | eaks.

For pressure applications, the SCS states in Engineering Menorandum 27

(Rev.)
Conduit joints will be designed and constructed to remain
wat erti ght under maxi mum antici pated hydrostatic head and maxi mum
probabl e conditions of joint opening . . . including the effects

of joint rotation and a margin of safety where required.

A simlar statement can be found in Earth Dans and Reservoirs -
Techni cal Release No. 60. Also in Technical Release No. 60, "Al
conduits under earth enmbanknments are to . . . withstand the interna
hydraulic pressures wi thout |eakage under full external |oad and
settl ement.

The Anmerican Water Works Associ ati on (AWM) suggests in their concrete
pressure pipe manual that "Leakage all owances are generally specified in
t he range of 10-50 gallons per inch dianmeter per nile of pipe per 24
hours. This assigned value is intended only to give the contractor sone
al  owance for apparent |eakage, since any observed | eaks nust be
repaired." Prior to testing, "The line should be filled at a slow rate
to prevent air entrapment and should be left with a | ow pressure for 24
hours prior to testing. This will saturate the concrete |ining and
reduce the apparent |eakage attributable to absorption by the pipe
wal I s." The AWM further suggests that "Test pressures are comonly
specified as some value slightly greater than the operating pressure,
such as 120 percent of operating pressures.”

The U.S. Bureau of Reclamation has apparently adopted the AWM approach
with regard to field testing siphons. |In Typical Specifications, Item
5.1.4, the reader can find, "After a siphon is conpleted, it shall be
tested for watertightness by being filled with water to the el evati on of

the floor at the downstreamend of the outlet . . . The total amount of
| eakage fromthe siphon during this 24-hour period shall not exceed 50
gal l ons per inch of dianeter per nmle of siphon." The Bureau does not

address apparent | eakage, but nost if not all siphons designed and
constructed by the Bureau are concrete.

Rel ease 2 (Cctober 15, 1993)
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Consi dering the foregoi ng specifications, plans should require that al
pressure conduits be pressure tested to at |east the expected maxi mum
design hydrostatic pressure. The test period should range from2 to 24
hours dependi ng on pipe material and jointing. Joints should be
visual ly inspected for |eakage, whenever possible. An apparent |eakage

of 50 gallons per inch diameter per mle of pipe will be considered
acceptabl e for concrete pipe provided that all obvious |eaks are
repaired. All other types of pipe, i.e., corrugated nmetal, snooth-wal

steel, high-density polyethyl ene, and pol yvinyl chloride should be
watertight. \Wen testing plastic pipe with water, manufacturer's

speci fications should be consulted to deternine test duration and

al  owance for pipe expansion. |In testing with air, no pressure loss is
acceptabl e during testing, regardless of the pipe, because the |oss
cannot be nmeasured. Where welding is required, the welder should be
certified.

Pipes are normally pressure tested prior to backfilling so that any

| eaks can be readily repaired. Designers need to consider, however,
especially for flexible pipes with mechanical couplings, that joints may
not remain watertight after the pi pe has been buried under fill and
deflects. Plans need to address this concern.

For non-pressure applications using corrugated netal pipe (CWP), hugger
bands with gaskets should be used as a m nimum dinple bands are not
acceptable. Furthernore, all corrugated netal pipe should be the wel ded
seam variety; lock seamand riveted CMP are not acceptable unless
adequat e | eakage control neasures are provided.

VWile the watertightness of joints is a definite concern in pressure
flow situations, joint tightness may al so be a concern in non-pressure
flow cases. This occurs when the backfill around a pipe is potentially
erodi ble material, such as a fine sand or silt, which would tend either
toinfiltrate the pipe or to be washed out by exfiltration of water from
the pipe. The former situation is a particular concern when settled
slurry, which forns the foundation for an upstream construction stage,
can potentially infiltrate a pipe. Wen conditions are such that
infiltration or exfiltration could affect the safety of the dam plans
shoul d i nclude (even in non-pressure flow designs) a m ni mum pressure
testing requirement. Testing joints to a nominal pressure will provide
some assurance that the joints were properly constructed, are soi

tight, and will not allow significant |eakage.

Al installations should be equipped with a pressure gauge and pressure
relief valve during the test procedure, and all pressure testing nust be
conducted in a safe nmanner. |Internal and external tenperatures should
al so be nonitored to provide pressure/tenperature data in the event

cal cul ati ons becone necessary.

E. Conduit Seepage Control Measures

Many public and private dam design and construction groups either permt
or install conduits through enmbanknment dans. However, nost designers
agree that closed hydraulic conveyances shoul d be placed in stronger
abutnent soils or rock where |less settlement and horizontal spreading
wi Il occur. Designers have |ong recognized that pipe installations
provi de an opportunity for seepage along the conduit. To preclude

Rel ease 2 (Cctober 15, 1993)



5-7

seepage al ong the conduit, designers have included inpedi ments such as
anti-seepage collars, cutoff walls and collars, and anti-seepage

di aphragnms. These di aphragms protrude circunferentially from around the
conduit into the surroundi ng dam enbanknment material. The purpose of
such protrusions is to increase the length of the potential seepage path
along the pipe fromthe inlet to the outlet by a specific anbunt. This
reduces the hydraulic gradient at the exit. The |lowering of the
hydraul i c gradi ent reduces internal erosion or piping potential next to
the conduit. The required extension of the seepage path evol ved
enpirically over the past 80 years or so. After nany years of trial and
error, an increase of 15 to 20 percent is accepted as reasonabl e and
prudent. Bureau of Reclamation engi neers using the weighted-creep

met hod of design commonly used percol ation path increases on the order
of 20 to 30 percent through the inclusion of projecting fins or collars.

The increased percol ation path concept was standard practice industry-

wi de prior to about 1965. Since the |ate 1960s, an increasi ng nunber of
practitioners have advocated the use of drains and filters to contro

t he expected seepage along pipes for a variety of reasons. It was not
until the early to mid-1980s that |arge Federal dam design agenci es such
as the Corps of Engineers, Bureau of Reclamation, and the Soi
Conservation Service altered their standard specifications to preclude
the use of anti-seepage collars and require inclusion of graded granul ar
filters and drains.

Many of the design applications subnmitted to MSHA have incl uded
provisions for the construction of conduits with anti-seepage

di aphragns. Sone desi gns have included drain and filter systens.
Materials for the anti-seepage collars have included concrete, steel

and pol yethyl ene. The granul ar di aphragm material generally conforns to
gradations specified in C33 of the American Standards for Testing of
Materials (ASTM. MSHA will accept either nmethod or design phil osophy.
Al'l design submittals should address conduit seepage control mneasures.

Dam desi gners submitting specification drawi ngs and supporting
docunentation to the agency, are advised to examnmi ne appropriate
reference lists. One nmust be cognizant that the construction of pipes
with anti-seepage collars is |abor intensive and that additional testing
and inspection may be required. Also, designers and plan revi ewers
shoul d direct particular attention to connection details in order to
precl ude seepage, diaphragm | ocation respective to joints, and potenti al
stress concentrations which may harmthe conduit. Were a pipe passes
through a rigid collar, provisions should be nmade for relative nmovenent.
In flexible pipes, the connection detail must allow for the anticipated
pi pe deflection while maintaining a watertight connection. G aded
granul ar materials, on the other hand, must neet sizing requirenments and
be placed at specific well-defined |ocations under approved density
specifications. Ganular materials are to be conpatible with
surroundi ng soils and nust not be contam nated during placement.

F. Pr obabl e Maxi num Fl ood ( PNF)

Current, prudent engineering practice requires that dans that are

| ocated where failure may cause |l oss of |life or severe property damage
be designed for the probable maxi mum flood (PMF). The PMF is defined as
t he maxi mum runof f condition resulting fromthe nost severe conbi nation
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of hydrol ogic and neteorol ogic conditions that are consi dered reasonably
possi bl e for the drainage area. It defines the upper limt of expected

f 1 oodi

ng from neteorol ogi c events.

Conponents of the PMF that must be determ ned by the designer for a
particular site include the principal storm the antecedent storm the
subsequent storm the tinme and spatial distribution of the rainfall and
snownelt, and the runoff conditions. Wile there is basic agreenent

anong

dam safety authorities on the conmbi nation of conditions and events

that conmprise the PMF, there are significant differences in the

i ndiv
exanpl

dual conponents that are used. For the antecedent storm for
e, the Soil Conservation Service and the Bureau of Recl amati on use

the 100-year frequency stormwhile the Corps of Engineers may use
50 percent of the probable maxi mum precipitation (PMP). A reasonable

set of
1
2.
3.

As an

conditions for the PMF appears to be the foll ow ng:

Ant ecedent Storm  100-year, 6-hour, wi th antecedent noisture
condition Il (AMC Il), occurring within 5 days prior to the
principal storm

Principal Storm Probabl e maxi num precipitati on (PMP) of 6-hour
duration with AMC1Il. |In cases where a storm of |onger duration
results in a higher water level in the inmpoundnment, the storm nust
be extended, up to 72 hours, to the hydrologically nost critica
duration. The principal stormrainfall increments nust be
distributed with time so as to produce the nost severe condition

Recommended procedures for determining critical rainfall tinme

di stribution for areas east of the 103rd neridian are given in
Hydr onet eor ol ogi cal Report

No. 52. The Corps of Engi neers conputer program HVR52 can be used
to conmpute precipitation values in accordance with these
procedures.

PMP rainfall estimates, for areas east of the 103rd neridian, are
gi ven in Hydromneteorol ogi cal Report

No. 51. For the region between the 103rd neridian and the
continental divide, probable maxi mum storns shoul d be devel oped
using the recommended procedures in Hydroneteorol ogi cal Report No.
55A. For areas west of the Continental Divide,

Hydr onet eor ol ogi cal Report

No. 36, No. 43, or No. 49 should be consulted.

Subsequent Storm In this procedure, a subsequent storm would be
consi dered to be handl ed by neeting the 10-day drawdown criterion

alternative to using the PM- as defined above, a design that

foll ows the applicable nmethodol ogy used by a recogni zed dam safety
authority woul d be acceptable. However, designers are cautioned that

storm

criteria that are considered acceptable for dans with a properly

desi gned open channel spillway may not be appropriate for danms where the

is to be stored. In storage situations, |onger duration storms
o be considered.

Frequency of ©Moisture-Density Testing to Verify

ance with Conpaction Specification

runof f

need t
G

Conpl i
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Tests need to be performed during the construction of a damto determ ne
conpliance with noisture-density specifications in accordance with the
approved plan and to detect any significant changes in the nateria
properties over the construction period. The operator or the operator's
agent shoul d have such tests conducted at the foll owi ng m nimum
frequenci es:

1. One field test for every 2,000 cubic yards of conpacted structura
fill, with at | east one test per lift;

2. one field test for every 200 cubic yards of conpacted backfill in
trenches or around structures, with at |east one test per lift
(Note: Wth small dianeter pipes, where the total volume of pipe
backfill may be small, nore frequent tests than indicated by this
criterion should be performned);

3. one test any tine there is suspicion of the effectiveness of
conpaction; and

4. suppl enentary | aboratory conpaction curves for at |east every 20
field density tests.

Field tests should be performed at randomlocations in the fill.

Records of the test results, as well as the test |ocations, should be
kept at the mine. |In cases where a record of consistent test results is
established, or in cases involving | owhazard dans, |ess frequent
testing may be considered if justification is provided. Any tinme there
is reason to suspect that the characteristics of the construction

mat eri al have changed, reasons such as a change in preparation plant
processi ng or unusual comnpaction test results, the material should be
further investigated. Grain-size, conpaction, shear-strength, and ot her
tests shoul d be perforned as warranted.

H. Use of Geotextiles as a Filter

1. | mpoundnent plans in which a geotextile is proposed as a filter
must include the basis for specifying the particular fabric or
fabric characteristics. This should include showi ng that design
criteria with respect to soil retention, perneability, clogging,
and constructability have all been considered and nmet. (Attached
references No. 5 and 8 for Chapter 5 are good sources of
i nformati on on design criteria.) To perform acceptably as a
filter in a drainage application, a geotextile must function as

fol | ows:
a. retain the protected soil to prevent piping;
b. have sufficient perneability to prevent the build-up of

wat er pressure;
C. not becone cl ogged; and

d. have sufficient strength to survive the construction
procedures.
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| mpoundnent pl ans al so should require that critical geotextile
installations be observed by a representative of the designer who
i s know edgeabl e about geotextiles and filter requirements and
famliar with the placenment procedures specified in the plan. In
hi gh hazard dans where problems with the filter could lead to
failure of the dam the followi ng are necessary:

a. t he eval uation of clogging potential needs to include a
soil-fabric interaction test, and

b. a sufficient nunber of piezoneters need to be included in
the design to allow the drain's perfornmance to be nonitored.

Desi gners and plan reviewers are cautioned that testing perforned
by the U S. Bureau of M nes, although inconclusive, indicated a
potential for plugging of the fabric when used as a filter in a
coal waste embankment. Concerns for the formation of a
precipitate, or the growth of bacteria on the cloth, have been
rai sed. Because of the potential for clogging, filter fabric
cloth should be selected with the |argest opening size that

provi des the nmaxi mum fl ow capacity while maintaining the soi
retention requirenents.

A high percentage of the problems that have occurred with filter
fabric installations has been attributed to incorrect or poor
construction procedures. This is why all critical installations
need to be observed by a representative of the designer who is
know edgeabl e about the inmportant function that the geotextile
serves.

Speci al attention needs to be given to preventing damage or

di sturbance of the fabric during installation. The
reconmmendati ons of Task Force

No. 25, which are cited in Geotextile Engineering Manual (see

Ref erence No. 8 of Chapter 5), should be consulted, although they
are not intended to replace site-specific evaluation, testing, and
design. In general, the manufacturer's recomendations for
installation should be followed. Particular attention should be
given to the following itens.

a. Fabrics should be secured by sewi ng, pins, staples, or
wei ghts as necessary to prevent disturbance by construction
operations or wind. Were seans are to be forned by
over | appi ng, the overlap should be at least 2 to 3 feet and
the specific conditions should be evaluated to ensure that
the fabric will not open up under |oad.

b. In preparing surfaces for fabric placement, depressions,
hol es, and voids should be filled so that the fabric wll
not have to bridge them and possibly be torn when cover
material is placed. Fabric should not be placed over sharp
or angul ar rocks that could tear or puncture it. An
i nternedi ate | ayer of conmpatible finer material should be
pl aced over such rocks to protect the fabric.
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C. In placing material or using equipnent on a fabric, care
nmust be taken to avoid punctures or tears. Fabrics nust be
speci fied that have adequate puncture and burst strength for
the conditions and construction procedures that will be
encountered. \here applicable, specifications should Iimt
the size of rock to be placed on the fabric and the drop
hei ght. Generally, stones greater than 250 pounds shoul d be
placed with no free-fall. Field trials should be made to
ensure that no damage will occur due to the construction
procedures. Depending on site conditions, a cushion |ayer
of finer material may be required to protect the fabric.

l. Design of Pipes for External Loading

VWhen a pipe is to be installed under or through a dam plans nust
denonstrate through anal yses and cal cul ati ons that adequate factors of
safety are provi ded agai nst the various potential structural failure
nodes. Potential structural failures include wall crushing, wall
buckl i ng, and excessive deflection or wall strain. Parameters used in
t he vari ous anal yses must be adequately substantiated in the subnitted
pl an.

The recomendati ons contained in the literature of pipe manufacturers,
such as tables for the all owabl e cover over a pipe, nmust be used with
caution. When using such design aids, appropriate assurance for the
paranmeters used in their devel opment should be taken into account for
each potential failure node. For dans with high hazard potenti al

manuf acturers' tables should generally be used for prelinminary design
purposes only. Detailed analyses and cal cul ati ons shoul d be included in
t he pl an.

Desi gners and plan reviewers should note that technical literature
contains sonme significant differences of opinion on the best structura
design for flexible pipes. Particular points of contention concern the
cal cul ati on of deflection and values of the soil nodulus or the
soi |l / pipe interaction nodulus. For these reasons, the applicability of
a manufacturer's recommended design procedure needs to be verified for
the particular conditions found at a site. This is especially true for
deep burial situations, as the enphasis for nost pipe products has been
on relatively shall ow cover conditions, such as sewer installations.
Until performance data is established for high cover situations,
conservative design nethods need to be used. Factors of safety of at

| east 2.0 should be specified. Were applicable, deflections should be
checked using the lowa Formula, with conservative values for the nodul us
of soil reaction. Because of the linitations of traditional, enpirica
desi gn nethods, use of a finite elenent analysis, such as the CANDE-89
program is now considered by some to represent the best available

met hod of design. For flexible pipes, in addition to the deflection
caused by fill loading, installation deflection also needs to be taken
into account in determ ning whether total deflection will be within
acceptable limts.

Consi deration should be given to limting fill height by installing new
pi pes at higher elevations and grouting deeply buried pipes.
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In high fill applications, due to uncertainty about pipe/soi

interaction and the | ack of performance data, the performance of the
pi pe may need to be verified by a nonitoring device such as a

defl ectonmeter, a "go, no-go" device, or a TV camera. Also, contingency
nmeasures to repair or replace the pipe nay be required in the event that
noni toring shows that structural performance lints are exceeded.

The "inperfect ditch" or "induced trench" method of pipe installation
shoul d not be used in dans due to the potential for creating a seepage
path and the uncertainty of the arching action under saturated

condi tions.

J. Phreatic Surface

Al'l design plans submitted for MSHA approval mnust include m nimum sl ope
stability factors of safety as required by

30 CFR 77.216-2(a)(13) before approval will be granted. An integra
part of any slope stability analysis is the phreatic surface that is
assuned to be present. The assumed phreatic surface used in the
stability analysis should be either conservatively depicted or
substantiated with appropri ate seepage anal yses.

Pi ezoneters shoul d be used in enbanknents to nmonitor the phreatic
surface so potential instability problens can be quickly identified.
However, piezonmeters by thensel ves should not be used to determine if
the phreatic surface used in the design process is acceptable. The
seepage anal ysis should be used in the design process to determine the
maxi mum anti ci pated phreatic surface. The piezoneters are then used to
noni tor the phreatic surface during the life of the embanknment and
verify the phreatic surface used in the design. |f piezonmeter readings
above the phreatic surface used in the stability analysis are obtained
and appear to be accurate, then the stability of the enbanknent shoul d
be reassessed using the higher phreatic surface.

The long-termstability analysis for each stage should be based on a
phreatic surface in the embankment which is at or above the anticipated
phreatic surface for the long-term steady-state seepage condition. The
desi gner may choose to deternine the phreatic surface which results in
the mi ni mum acceptabl e stability factors of safety. A seepage anal ysis
shoul d then be provided to indicate that the maxi mum anti ci pated
phreatic surface is below the phreatic surface used to obtain the

m ni mum acceptabl e stability factors of safety. The long-term steady-
state seepage condition should be determ ned by assum ng the pool water
surface elevation at the | owest ungated water outlet. This is usually
the invert elevation of the | owest ungated principal spillway or, if an
ungated principal spillway is not provided, the invert elevation of the
| owest open channel spillway. The fine refuse beach formed on the
upstream face of nost coal refuse embanknents is conservatively assumed
to present no hydraulic head loss in the seepage analysis, due primarily
to inherent uncertainties in determning its degree of consolidation,
density, gradation, and coefficient of pernmeability.

VWere applicable, the phreatic surface for a rapid reservoir drawdown
condition should be evaluated for use in the rapid drawdown condition
stability analysis. |In many instances, the phreatic surface for the

rapi d reservoir drawdown condition will not be appreciably higher than
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the phreatic surface for the |ong-term steady-state seepage condition
because the higher phreatic surface usually does not have sufficient
time to fully devel op or the upstream enmbanknment soil is relatively free
drai ning. Cedergren (Reference 6 for this Chapter) provides a quick

met hod for estimating the phreatic surface for drawdown conditions.

Many different nethods are currently available for estinmating the

maxi mum ant i ci pated phreatic surface for steady-state conditions within
an enmbanknment. The Corps of Engi neers, Seepage Analysis and Control for
Dans, EM1110-2-1901 (Reference 9 for this Chapter) provides an
excel l ent sunmary of the available methods. Practically all methods are
based on the LaPl ace equations and Darcy's |law of | am nar flow through
porous nedia. The conplexity of the embankment in terns of perneability
and ani sotropic conditions, and the famliarity of the designer with a
specific nethod usually dictates which nethod is used. Perhaps the nost
conmon net hods are the flow net construction nmethods presented by
Casagrande (Reference 5 for this Chapter), Corps of Engineers (Reference
9 for this Chapter), Cedergren (Reference 6 for this Chapter), and the
conputerized finite element nethods. The finite element methods are
becom ng increasingly nore popular and are particularly useful for

eval uating the effects of different conditions. However, with each

met hod, extrene care nmust be exercised to ensure that the assunptions

i nherent in the method and procedures are fully satisfied or do not
significantly affect the results.

The coefficients of pernmeability used in the seepage anal ysis should be
ei t her conservatively chosen or should be determ ned by using | aboratory
permeability tests (References 1, 4, 7 for this Chapter) or field
permeability tests (References 3, 4, 6, 9 for this Chapter). The
obt ai ned coefficients of perneability are generally regarded as accurate
to only one order of magnitude. This accuracy should be kept in mnd
for all seepage anal yses.

It is well docurmented that conpacted enmbankments usually denonstrate a
coefficient of permeability in the horizontal direction which is greater
than the coefficient of perneability in the vertical direction. A term
called the "perneability ratio" is commonly used to express the

hori zontal coefficient of perneability to the vertical coefficient of
permeability. The available literature shows a w de range of
permeability ratios, fromless than 1 to over 100, for earthen
embankments. MSHA has examni ned the guidelines of other recognized
agenci es experienced in dam desi gn and construction, nost notably the
Cor ps of Engineers (Reference 8) and the Bureau of Reclamation
(Reference 3 for this Chapter) and other published pernmeability ratios,
and has concluded that all enbanknent plans shoul d be designed assum ng
a mnimumpernmeability ratio of 9. Although the published informtion
supports this ratio, lower perneability ratios may be all owed provided
they are adequately substantiated and docunented.

Many types of drains are commonly incorporated in embanknments to | ower
the phreatic surface, control internal seepage, and help stabilize the
embankment. These drains must be designed for material conpatibility
and relative pernmeability with respect to surrounding soils as explained
in Section B, Graded Filters, and in Section H, GCeotextiles as a Filter
to prevent piping yet provide adequate drai nage capacity. Any drains
used in the seepage analysis to determnmi ne the maxi mum anti ci pated
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phreatic surface shoul d have cal cul ati ons substantiating their capacity
to carry at least 10 tinmes the anticipated seepage flow. This drain
capacity factor of safety is needed because of the potential inaccuracy
of the coefficients of permeability and potential inadequacies in proper
pl acenent of the drain. A drain capacity factor of safety above 10 may
even be warranted for conditions involving sem -turbul ent and turbul ent
flow conditions. The Corps of Engineers (Reference 9 for this Chapter),
Cedergren (Reference 6 for this Chapter), and Leps (Reference 10 for
this Chapter) provide information for deternmining flowrates for senm-
turbul ent and turbulent flow conditions where Darcy's law is invalid.
Drai ns should be a size that will ensure that the phreatic surface is
directed into the drain instead of over it. The drains should have
adequate thickness, usually at least 3 feet, and the material be
properly placed to prevent segregation.

K. Speci al _Consi derations for Short-Term Conditions

Coal waste disposal operations that are of sufficient size to fal

within MSHA design criteria are best described as being in a constantly
changi ng node. The availability of enmbankment building material is
general | y dependent upon the rate of coal production and the percentage
of waste material present in the nmne's production. M ne waste

i mpoundi ng structures will grow quickly during periods of high mne
production, such as those due to favorable market conditions, and remain
stagnant during | ow m ne production periods, such as those due to

unf avorabl e market conditions, unless other types of enbanknment material
are utilized. This is contrary to typical dam construction activity.
When an i mpounding facility is built by other agencies or private

i ndustry, construction is usually continuous until conpletion of the
facility. The operator of a refuse disposal facility should recognize
that MSHA may require that a refuse dam be conpleted w th other
materials to maintain the operational safety of the structure.

The mining industry is confronted with conditions that are unique to
wast e di sposal operations. In light of these conditions, NMSHA will
consi der accepting a design stormof |ess magnitude than the full design
storm during unavoi dabl e short-term construction periods. Unavoi dable
refers to periods of tine when application of the full design storm
criteria in the design of the structure is virtually inpossible. These
periods are normally associated with initial start-up conditions and
abandonnent. Normally, short-termcriteria only apply during the first
2 years after the initial start-up of the facility and within

2 years fromthe final abandonnment of the site. There can be other

ti mes where unavoi dabl e circunstances occur, but these circunstances
shoul d be very short-term A smaller storm should never be used in the
design just for convenience or to reduce the final cost of the
structure.

A maximumtime of 2 years is considered adequate for a mning conmpany to
resol ve any conditions that would prevent the inplenmentation of |ong-
termcriteria. This does not nean that in every case a full 2 year
delay in inplementation is appropriate. GCenerally, the timeframe wll
be much less than 2 years. It should always be kept to the | owest

ti meframe reasonably possible. Wth proper planning and diligent

effort, nost delays can be conpletely elininated. Sonme exanpl es of
short-termconditions are as foll ows.
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1. Short-term conditions may be necessary during initial construction
of a new i npoundi ng structure. During this tine, the enbanknment
height is being raised to the design height to provide the
necessary storage, surcharge, and freeboard to control the design
storm For coal refuse facilities, this time should not exceed a
period of 6 months to 1 year.

2. In conditions where the conpany is changing froman open channe
spillway to a storage type configuration, there could be a tine
peri od where the full design storm cannot be passed. This tine
must be as short as possible, and a very positive plan for the
sequence of change nust be provided.

3. During the period that an operating inmpounding facility is being
changed to a non-inpounding facility, the conpany nust elimnate
t he avail abl e storage and/or surcharge by excavating the spillway
deeper or by filling the inmpoundment with coarse refuse.

L. Effects of M ning on Dans _and | npoundnment s

In designing a dam an inportant factor to be considered is the |ocation
of present, and possible future, underground mning near the proposed
site. One of the requirements for a safe damis that deformations be

m ni m zed so that cracking of the damis elininated and an adequate
freeboard is maintained. Another requirement is that seepage through a
dam and its foundation be minimzed and controlled. M ne subsidence and
m ni ng-i nduced strains can jeopardi ze these dam safety requirenents.

VWhen m ne subsi dence occurs, tensile strains are induced and zones of
tension are created at the surface. As a result, cracks can occur in
soils and mine waste materials because such materials have | ow
resistance to tensile stress. (Openings can occur in the foundation rock
due to cracks or when tensile strains become concentrated al ong existing
joints. Conduits that pass through a dam can be pulled apart or

ot herwi se danaged by differential novenents.

A crack in a dam an open rock joint in its foundation, or a danaged
conduit can result in piping due to the concentration of seepage in that
area. Piping is a process of internal erosion where the anmount of
seepage progressively increases as nore and nore material is carried
away with the flow This process can lead to the eventual failure of
the dam A prime exanple of this is the Teton Dam failure in ldaho in
1976. Piping can occur through the foundation soil or through the dam
itself. The enmbankment or foundation materials may be carried into and
t hrough openings in the rock foundation. Piping can also occur along or
i n danaged conduits. Over 30 percent of all damfailures occur due to
seepage or pi ping probl emns.

Differential novements resulting from subsidence can cause ot her

probl ems by affecting the function of internal design features such as
filters and drains. These problens can result in higher pore water
pressures than the dam was designed for and can cause slope failure.
Subsi dence al so can reduce the amount of freeboard, and could result in
t he dam bei ng overtopped during a storm
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For these reasons, a site that has been undernined or under which mining
is planned may not be suitable for the construction of a dam Designers
shoul d be sure to investigate alternative sites. \Where use of an

underm ned site must be proposed, designers should realize that a nore
conpr ehensi ve foundation investigation is called for, that extensive
renmedi al nmeasures nmay be required to make the site acceptable, and that
additi onal safety features are normally required in the dam s design.

1. Est abli shnent of "Safety Zone"

The nost prudent and recomrended design approach is to |ocate dans
far enough frommning that they will not be affected by

subsi dence. To do this, the area of mning influence should be
del i neated. One nethod of doing this is to deternine a draw
angle. This establishes a "safety zone" beneath and around the
dam No mining is permitted within this zone. The extent of the
"safety zone" shoul d be conservatively estinmted, based on the
specific site conditions and | ocal experience, and considering
that tensile strains as lowas .1%- .3%are sufficient to cause
cracks in some earthen material s.

Al'l information used in determ ning how close to the damthe

m ni ng can safely occur, or the location of the "safety zone,"
needs to be fully docunented in the inpoundnent plan subnmitted to
MSHA for approval. Substantiation should include detailed

geol ogi c sections and mne maps. The analysis of the subsidence
potential should take into account |ocal subsidence experience and
| ocal conditions and needs to include the technical basis for the
proposed extent of the safety zone.

The information contained in References No. 1 and 3 of this
Chapter should be consulted for information concerning "safety
zones."

2. Uncertainties of Subsidence Effects

The problemin dealing with underm ned sites is the difficulty in
det erm ni ng how subsi dence has affected the foundation and in
predicting howit will affect the dam The effect that

under ground m ning has on the surface depends primarily on the
type of mining, the percent extraction, and the amount and type of
overburden. In roomand pillar mning (first mning only), with
adequately sized pillars and with conpetent roof and floor rock
there may be no significant inpact at the surface. However, the
surface may be affected if the pillars are too small, if they
deteriorate with tine, or if the floor is too weak and becones
soft due to moisture, resulting in the pillars punching into it.
At shal | ow dept hs, sinkholes can extend to the surface regardl ess
of pillar size if entries are driven too wide. Full extraction

m ning methods will affect the surface in virtually all cases,
with the surface strains generally increasing as the mning depth
decr eases.

Wth full extraction nethods, uncertainty stens fromthe inability
to predict and determine the tensile strain distribution at and
near the surface. |In roomand pillar mning, there is the unknown
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| ong-term behavior of the roof/pillar/floor structural unit. In
both cases, methods are | acking to establish the response of the
dam and foundation materials to the potential strains or
noverments. Determining the true extent of disturbance to the
foundation, and how it will behave under full reservoir head, is
difficult even with an extensive foundation testing program For
t hese reasons, a thorough consideration of alternative sites
shoul d be nmade.

Design Features to Conpensate for Mning Effects

If there are no alternatives, and a damis proposed on a site that
i s already underm ned, then a conprehensive foundation
investigation is called for. Specific features nmust be

i ncorporated into the dams design to allowit to safely w thstand
any potential effects of the mning.

Desi gn nmeasures that should be considered in such cases include
but are not linmted to the foll ow ng:

a. conducting a nore extensive foundation investigation to
| ocat e openi ngs and zones of high perneability;

b. t aki ng speci al precautions during foundation preparation to
ensure that any open joints or cracks in rock foundations
are adequately seal ed off, such as by grouting, or that a
protective filter zone is provided,

C. backfilling or grouting the mne openings in critica
support areas to nminimze or reduce the amount of movenent
whi ch can occur;

d. specifying a very wi de dam cross-section and crest width to
provi de increased nass and greater resistance to piping
failure;

e. mai nt ai ni ng an anpl e anmount of freeboard to conpensate for

the maxi mum | i kely subsi dence;

f. specifying larger drain and filter cross-sections, so that
these internal features would continue to be functional with
the maxi mum | i kely subsi dence;

g. | ocating any decant pipes over unm ned or backfilled areas;
h. conpacting materials at water contents slightly wet of
optimumto increase their ability to deform wi thout
cracki ng;

i i ncorporating design features, such as a grout curtain and
i mper neabl e enbanknent zone, to minimze the ampunt of
seepage through the damand its foundation;

j- i ncorporating design features, such as a chimey drain, to

col l ect seepage and discharge it in a controlled manner;
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k. using wi de zones of materials with "sel f-healing"
characteristics, to act as crack stoppers; and

speci fying a conprehensive nonitoring programfor the damto
provide for the early indication of a potential problem

Proposed safety measures must be fully documented in the plan that
is submitted to MSHA for approval. Plans should include detail ed
geol ogic information, mne maps showi ng present mne |ayout and

m ning projections, an evaluation of pillar and floor stability,
anal yses of subsidence and sinkhole potential, and an eval uation
of the cracking and piping potential of the embankment and
foundati on materials. The subsidence anal ysis shoul d descri be al
exi sting and antici pated novenents and strains, how they were

eval uated, and what specific design neasures were incorporated to
conpensate for present and potential subsidence effects.

In general, a designer should include redundancy in the design so
that the disruption or failure of any one feature woul d not
jeopardi ze the safety of the dam Required features nust be

sel ected and eval uated on a case-by-case basis dependi ng on
specific site conditions, especially the hazard potential. Plans
that involve undermning and that are submitted wi thout
conservative defensive neasures, or wthout an adequate
justification based on an appropriate |evel of testing and
techni cal anal yses, should not be approved.

Pill ar/Fl oor/ Roof Eval uations

The stability of the roof, pillars, and fl oor nust be evaluated in
cases where a damis proposed over existing roomand pillar

m ning, and in cases where a linmted nunber of entries night be
proposed under a dam Anal yses must show that pillars have a
conservative factor of safety with respect to crushing. The
factor of safety should be greater than 2.0 for the long-term
support of critical areas. Since different nmethods of eval uating
pillar strength can indicate a significant variation in safety
factors, consideration of several methods is suggested and the use
of a conservative nmethod is called for. \Were existing pillars
are found to be inadequate, additional support, such as by
grouting, needs to be provided. |If the area is accessible, the
possibility of providing support from underground should be

consi dered.

The potential for subsidence due to pillars punching into the
floor needs to be analyzed. |In this regard, experience in the

nm ne and the potential for softening of the floor due to noisture
nmust be evaluated. \Where the cover is shallow, the potential for
si nkhol e devel opment al so nmust be anal yzed and accounted for in
the design. |In any of these anal yses, the engi neering properties
of the coal and rock need to be determ ned by testing.

M ni ng Near Existing Dans

After a dam has been constructed, any mining that is to occur near
it must be carefully planned. Due to the uncertainty of |ong-term
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support, the devel opment of entries near or under dans needs to be
avoi ded. Only under favorable conditions and where entry

devel opnent is essential for ventilation or haul age safety shoul d
[imted mning be considered under an existing dam

Since full extracting mning nmethods, e.g., longwall mning and
pillar extraction, affect the surface in virtually all cases, such
mning is normally not acceptable either under a dam or within a
zone of influence of the dam

Auger Holes or M ne Openings in Abutnent

VWere mi ne openi ngs or auger holes occur in an abutnment, plans
need to include anal yses showi ng that potential problenms due to

def ormati on and seepage have been accounted for in the design. |In
such cases, plans normally include provisions to provide support
by backfilling the openings, and to control seepage by the

pl acenent of filters and drains al ong the openings.

Moni t ori ng

In any case where mning i nduced deformations could have an
adverse effect on the dam the performance of the dam should be
nonitored. The nonitoring of horizontal and vertical movenents,
pi ezonetric levels, and seepage quantity is normally required.
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8. Effects on the M ne

The possibility of a hazard to underground mners due to an inrush
of water or slurry into the nine is another concern whenever there
is mning near an inmpoundment. Plans should include a conplete
eval uation of this potential, including such itens as:

a. The potential for an inrush into the mne due to sinkhole
devel opnent ;

b. the Iikelihood of increased mne water inflow due to higher
over burden permeability;

C. the possibility of inflow due to disturbances al ong geol ogic
di scontinuities;

d. the potential inflow rates and vol unes;

e. t he possible flow paths and water depths within the mne

f. the effects of inflow on mne ventilation and escapeways;
and

g. t he neasures to be taken underground to handle inflow.

Regul ati ons pertaining to m ning under bodies of water are
contained in 30 CFR 75.1716 through 75.1717. These regul ati ons
shoul d be consulted prior to the conmencenent of such nining
operations.

M Erosion Protection for Spillways

The integrity of open channel energency spillways during a storm event
must be ensured. Topographic constraints in the mning industry often
necessitate that open channel spillways be placed i medi ately adj acent
to or on the inpounding structure. A failure of the spillway in this

| ocation could jeopardize the entire facility. The serious consequences
of failure dictate that the sane rationale used in the selection of the
design stormevent rmust apply to the design criteria for emergency
spi |l I ways.

The preferred design of an open channel is to cut it through conpetent
rock. \When this is not possible, the design and construction of
spillway linings for erosion protection nust be acconplished in a nmanner
that will ensure the maxi mum protection of the lining against the forces
resulting fromthe peak design flow velocity.

Ri prap has been used as channel lining material; however, its stability
under high velocities is a serious concern. The various design methods
that are available will yield a wi de range of required rock sizes for a

gi ven set of conditions. These inconsistencies raise questions as to
the application of those nmethods to the design of emergency spillway
linings. Mst riprap design nethods were devel oped by Federal and State
agencies for particular public works projects. Typical projects that

m ght use riprap protection include hi ghway enmbankments, bridge
abutnents, flood channels, canals, and stilling basins. The type of
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project to be protected and the experience of each agency greatly

i nfl uence the design nethod chosen. The failure of the riprap
protection in these projects generally will not create a life-
threatening situation. The failure of riprap lining in an emergency
spillway coul d cause the breach of an inmpounding facility resulting in
death and significant property danage. Therefore, the use of riprap in
emer gency spillways subjected to high velocities is strongly

di scouraged, unless special considerations are addressed. Plans
proposing riprap rmust include cal culations to support the proposed stone
sizes. Riprap specifications should address stone gradation, |ayer

t hi ckness, beddi ng requirenments, and stone durability.

Gabi ons, which consist of wire baskets filled with rock, are considered
by many to solve sonme of the problens related to the use of riprap
Properly designed, the wire nesh can successfully contain a much
smal | er-si zed rock when exposed to high velocity flow This type of
system has the linmted ability to change shape without failure when
unst abl e ground conditions occur. The problens associated with some of
the hydraulic forces are elimnated because gabi ons are perneabl e.

Rigid linings are a potential solution to the linmitations associ ated
with the use of riprap or gabions. The list of rigid linings includes
grouted riprap, concrete, and forned concrete products such as Arnorform
or Fabriform Many rigid |linings are destroyed due to flow undercutting
the Iining, channel headcuttings, or hydrostatic pressure behind the

channel walls or floor. |If a section of arigid Ilining fails, then the
remai ni ng sections could fail in a rapid succession. Positive under-
seepage cutoffs and weep hol es are design measures that should therefore
be used.

Formed concrete products are seeing application as spillway |inings
under certain conditions. Non-reinforced cenent grout bags nust be
treated as rigid linings. As rigid linings, these systens present sone
concerns due to a |l ean concrete mx, a |lack of aggregate in the mx, and
an absence of enbedded steel reinforcenent. Also, the bag wll
deteriorate over time, allow ng the cracked sections to nove freely and
i ndependently. Recent advances have been nmade in increasing the
strength and stability of uniform sections and articul ated products.
Steel or plastic fibers can be nixed with the cement grout to provide an
increase in tensile and bending strength. Transverse and | ongitudi na
cabl es of steel or nylon can be inserted to prevent excessive novenent
and separation.

Li ni ngs consi sting of synthetic grass-reinforcement material s have been
successfully used in some | ow hazard outlets and di versi on channel s
where the anticipated velocities are low and | oss of the structure would

not be expected. These products are still considered experinental and
their use should be linited to | ow hazard facilities on a site-by-site
basi s.

The selection of the type of lining is critical to the overall facility
design. Seeking design support fromthe manufacturer in making this
decision is inmportant. Manufacturers should be made thoroughly aware of
the intended use of the product and the consequence of systemfailure.
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The I oss of lining protection cannot be allowed in an emergency
spillway. Several concerns nust be thoroughly addressed if such a
protection systemis being considered. The foundation is of primary

i mportance. FErodible materials must be protected fromthe forces of
hi gh velocity flow. The design should include conprehensive foundation
preparati on and an appropriate base, which mght include a geotextile
and an underfilter. Additionally, the integrity of the lining materia
nmust be ensured. Damage is nost likely during peak design storm
conditions when the outflow is highest and nai ntenance access is
unlikely. The inpact of debris inpingenent and the resulting

di spl acenments nmust be considered. It is, therefore, critical that a
positive means of lining protection or anchorage be devel oped. Systens
that could satisfy this criteria mght include an anchored wire nmesh or
grouted rock bolts to mnimze novenent and a fl oat device that would
prevent debris fromentering the spillway.

Regardl ess of the type of lining selected, a hydraulic analysis is
needed to determ ne the maxi num fl ow depths and vel ocities, the duration
of such flows, and a conplete water surface profile. This informtion
will be used to determ ne the magnitude of the forces (e.g.

hydrodynamic |ift and drag, tractive and critical shear stress) that the
particular lining will be exposed to. The plan submitted to MSHA shoul d
i nclude a conplete technical analysis denpnstrating that the proposed
lining is capable of wthstanding these forces. The plan al so nust

i ncl ude detailed specifications on liner material and placenent.

A significant consideration with any spillway, whether cut into rock or

lined, is periodic exam nation. Exposure to the elenents will cause
deterioration to occur and, thus, evaluation of its extent and potenti al
i mpact on performance is critical. Inmpoundrment plans shoul d include

speci fic provisions addressing this concern.
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APPENDI X A
Sunmary Qutline

The main itenms to be covered during an inspection, as discussed in Chapter 4,
are sumuari zed here. \When they appear potentially significant, or when

noti ceabl e changes are observed from one inspection to the next, the inspector
shoul d describe the | ocation and condition of any of these itenms on the

Peri odi ¢ | nspection Form

EIE R I S R I R I I I R R R I R R R I I R I R I R R I R R R R R S R

GENERAL SI TE CONDI TI ONS

EIE R I R I R I O O I R I I R R I I I R I R I R R R R I I R

DOANSTREAM CONDI TI ONS

| nspection Concerns
* Conparison of existing devel opnent with approved plan
* New devel oprment (pl anned or built) that mght be affected by a failure

Itenms to be recorded
* Status of change: planned, underway, conpl eted
* Location and description of change

WATERSHED CONDI TI ONS

| nspection Concerns
* Conparison of existing conditions with approved plan
* Changes in the watershed that could increase flood fl ows

Itenms to be recorded
* Status of change: planned, underway, conpl eted
* Location and description of change

STREAM CHARACTERI STI CS

| nspection Concerns
* Unusual buil dup of sedi nent
* Di scoloration of stream

Itenms to be recorded
* Any changes in stream characteristics
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R I R R I R R I R I R R I R R R R R R R R I R O

CONSTRUCTI ON AND SI TE CONDI TI ONS

R I R R I R R R I R I R R I R R R R I R I R R I R I

FOUNDATI ON PREPARATI ON

| nspecti on Concerns
* Vegetation renmoval in all areas
* Special preparation in critical areas

Itenms to be recorded
* Locations and conditions where preparati on appears inadequate

PLACENMENT OF MATERIALS

nspecti on Concerns

Conpari son of disposal procedures with approved plan requirenments

I
*
* Noticeabl e changes from past procedures

* Proper conpaction practices for enbanknent fill
* Placement of inproper materials within the fil
* Proper pipe installation procedures

*

Proper filter and drain installation practices

ltems to be recorded

* Description and |l ocation of practices that deviate from the approved

pl an

* Description of a noticeable change in operations

* Description of poor conpaction practices

* Types of inproper material being placed and its |ocation and
*

Description of any problems with pipe, filter or drain installations

ROAD CONSTRUCTI ON

| nspection Concerns

* Road excavation into a slope that could cause instability

* Local road conditions that could threaten the safety of operators
* Road construction that blocks or changes drai nage conditions

Itenms to be recorded
* Location and description of any potentially hazardous condition
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R I R S I R I R I I O I I R R O I R I S R R R R I R

EMBANKMENT SLOPES

EE R I O I R I I I R R O S R R R R R R R R

STEEPNESS

Itenms to be recorded
* Location of any areas where the slope appears abnornally steep

SEEPAGE FROM SLOPES

| nspecti on Concerns

* Fl ow from underdrai n pipes

* Seepage at isolated points

* Seepage al ong outside of decant or spillway pipes
*

*

*

Seepage at the abut nment
Seepage over |arge area
Changes in any of these conditions

| nportant | ndicators

Fl owi ng water on the slope

Wet or soft areas on sl ope

Areas of |ush vegetation

Areas of dead vegetation

Areas where snow nelts nore rapidly than el sewhere
Areas with unusual ice buildup

* % 3k X X X

Itenms to be recorded
* Seepage | ocation and any observed changes
* Approxi mate increase or decrease in flow
* Water discoloration

SLOPE MOVEMENTS

| nspection Concerns

Cracks on the crest

Cracks on the slope

Bul gi ng on the slope or at the toe
Si gns of shall ow surface novenent

* % %k Ok

| nportant | ndicators

Observed cracks or bul ges

Rel ati onshi p between bul gi ng and cracks

Rel ati onshi p between noverment and seepage zones

Rel ati onshi p between novenent and oversteepened or eroded areas

* % %k Ok

Rel ease 2 (Cctober 15, 1993)



A4

Itenms to be recorded

* Location of cracks and bul ges

* Length and opening size of cracks

* Vertical displacenent across crack

* Hei ght and approxi mate size of bul ge

SLOPE EROSI ON

| nspection Concerns
* Significant erosion gullies on slope or at abutnment or toe

ltenrs to be recorded

* Erosion | ocation and extent

* Depth and width of erosion gullies
*

*

Source of water causing erosion (seepage and/or runoff)
Sl oughing is occurring along the gully
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EE R I S R I I I R R I I R R S S R R R R I R R

DOANSTREAM FOUNDATI ON CONDI TI ONS

EE R I O I R I I I R R O S R R R R R R R R

SEEPAGE FROM FOUNDATI ON

| nspecti on Concerns

* Seepage at isolated points

* Seepage where the slope neets the natural hillside
* Seepage over |arge areas
*
*

Seepage carrying fines
"Boils" in the bottom of streans or in ponded areas

| nportant | ndicators

Fl owi ng wat er

Wet or soft areas

Areas of |ush vegetation

Areas of dead vegetation

Areas where snow nelts rapidly
Areas with ice buildup

* % 3k X X X

Itenms to be recorded

* Seepage | ocation and whet her changes occur
* Approxi mate increase or decrease in flow
* Water discoloration

MOVEMENT | N DOWNSTREAM FOUNDATI ON AREA

| nspection Concerns

* Horizontal novenent away fromthe sl ope

* Bul gi ng of the downstream foundation materials

* Any novenent on natural hillsides

* Rel ati onshi ps between nmovenment and cracks/seepage/ er osi on

| nportant | ndicators
* Sinple observations of bulging or ridges
* Unusual tilting of trees or other vegetation

Itenms to be recorded
* Location and description of novenent
* Hei ght of bul gi ng

EROSI ON | N DOANSTREAM AREA

| nspection Concerns
* Erosion gullies at the natural hillside
* Erosion at the discharge end of drainage facilities
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Itenms to be recorded

* Locations of erosion

* Depth and width of erosion gullies
* Source of water causing the erosion
* Sl oughing is occurring

Rel ease 2 (Cctober 15, 1993)



A-7
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SLURRY | MPOUNDMENTS

EE R I O I R I I I R R O S R R R R R R R R

WATER LEVEL

| nspecti on Concerns

* Abnormal increase in water |evel w thout heavy rainfal
* An abnormally |ong period of high water after a storm
* An unusual decrease in the water |eve

Itenms to be recorded

* Approximate rise or fall in water |eve

* Any cl oggi ng of decant

* Any efforts by the owner to renedy decant cl ogging

EMBANKMENT FREEBOARD

| nspecti on Concerns
* Conparison of actual freeboard condition with approved plan

requi r enent

Itenms to be recorded
* Approximate freeboard if it appears to be less than required

SLURRY DI SCHARGE LOCATI ON

| nspection Concerns
* Di scharge pipe |ocation
* Any erosion at discharge

Itenms to be recorded

* Discharge location if not at the upstream enbanknent slope, or as
speci fied

* Erosion at the discharge, if any

UPSTREAM ENMBANKMENT CONDI T1 ONS

| nspection Concerns

* Steepness of slope

* Cracks on the crest or slope
*

*

Bul gi ng on the sl ope
Er osi on of the upstream sl ope

| nportant | ndicators
* Visible cracks and/or bul ges
* Any rel ationship between cracks, bul ges and/or erosion
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Itenms to be recorded

* Location of cracks and bul ges

* Length, anpunt of opening, vertical displacement of cracks
*

Hei ght of bul ges

| MPOUNDMENT AREA SURFACE

Itenms to be recorded
* Location and description of "sinkholes" or unusua

settled fine refuse surface

depressions on the

Rel ease 2 (Cctober 15, 1993)
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DRAI NAGE FACILITIES

EE R I O I R I I I R R O S R R R R R R R R

SPI LLWAY CHANNELS AND PI PES

| nspecti on Concerns

* (bstruction by vegetation or debris

* (bstruction by sloughing or sliding of slopes
* Erosion of channel or side slopes

* Condition at discharge end
*
*
*

Deterioration of erosion protection or lining
Crushi ng or cracking of pipes
Corrosi on of pipe

Itenms to be recorded

* Location and cause of clogging

* Potential for additional clogging

* Description and | ocation of any erosion

* Description of any concrete or riprap deterioration
* Any pi pe damage

DECANT SYSTEMS

| nspection Concerns

* Clogging of inlet or pipe

* Corrosion or damage of trash rack

* Cracking, crushing or corrosion of pipe
*

*

Condition at discharge end
Deterioration of concrete or riprap

Itenms to be recorded

* Cause of clogging

* Frequency of cl ogging

* Description of any damage at intake

Any pi pe danage
Description and | ocation of erosion
Description of any concrete or riprap deterioration

| nspection Itens

* General appearance of punp, and condition of power source
* Location and condition of discharge point

* (bservation of operation, if questionable

Itenms to be recorded

* Any apparent maintenance defi ciencies

* Any undesireable conditions at the discharge point
* Any known difficulties with punp operation
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| NSTRUVENTATI ON

EE R I O I R I I I R R O S R R R R R R R R

Pl EZOVETERS

| nspection Concerns
* Conditions which allow surface water to enter borehol e
* Damage to piezoneter pipe due to equipnent or construction

activ
ty

* Absent or danmged protective housing or markings
* M ssing pipe cap

Itenms to be recorded
* Extent and cause of damage
* Any need for additional protective measures

WEI RS

| nspection Concerns

* Damage due to equi pment or construction activity

* Mal functioning due to erosion under or around the weir, obstructions,
or sedinentation

Itenms to be recorded
* Extent and cause of damage or nal function

SURVEY MONUMENTS

| nspection Concerns

* (bvious di sturbance due to equi pment operation, construction activity,
or natural causes such as slides, erosion or frost heave

* Potential or imrnent displacenent due to any of the above

Itenms to be recorded
* Extent, |ocation and suspected cause of displacement, potentia
di spl acement, or damage
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ADDI TI ONAL CONSI DERATI ONS

EE R I O I R I I I R R O S R R R R R R R R

BURNI NG

| nspecti on Concerns

Construction procedures that could increase burning potentia
Changes in the appearance or extent of burning areas

Ref use being placed over a burning area

Conpl i ance with extingui shment procedures approved by NMSHA

*
*
*
*

Itenms to be recorded
* Description of any changes in burning areas
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APPENDI X B
Description of Forns

A.  PURPOSE OF THE PERI ODI C | NSPECTI ON FORMS

The Periodic |Inspection Forns are basic reporting instrunents for coal refuse
facility inspections. They are essentially a checklist of critical inspection
items for a refuse pile or an inpounding structure.

The purpose of the forn(s) is to maxim ze the use of the inspector's field
time by providing a guide, and to communi cate observations to the appropriate
di strict personnel or to MSHA's Technical Support.

B. USE OF FORMS

The form(s) requests certain information to properly identify the structure.
It is inperative that this information is correct in order to facilitate any
followup site visits by the district specialist.

Included at the top of each formare spaces for the Refuse Facility

I dentification nunmber assigned by the MSHA district office, and the Field
Hazard C assification (FHC) assigned by the inspector or specialist after the
pl an has been reviewed and the site was initially visited. The inspector nust
use the correct identification nunber, and should fill out the FHC as it is
shown on the approved plan. |If there are any questions concerning the
assigned FHC due to the potential downstream consequences, the inspector
shoul d note this concern on the form

The remai nder of the form(s) is for recording actual inspection observations
of adverse conditions and changes. The |location of these problens should be
noted and sketched in a plan-view and should include such critical stability
items as slides, seeps, erosion, cracks or slunps, etc. This information
shoul d then be submitted and brought to the attention of the appropriate

di strict personnel for further eval uation.

C. EXAMPLES OF A COVPLETED | NSPECTI ON FORM

Exhibits 1 and 2 contain conpl eted exanpl es of typical recording responses. A
sketch of the site has been included on the back of the form's) and comments
have been added where appropriate. It should be noted when information is not
avai |l abl e or discernable, and other categories should be marked VA if the
itemis not applicable.
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