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THE TECHNICAL AND RESEARCH COMMITTEE ON RECLAMATION

The Technical and Research Committee on Reclamation originated and first became active in
the early 1970s in response to a demonstrated need for greater government - industry
communication in the area of environmental protection and reclamation. Membership (see Sec-
tion entitled 'Organization of Symposium' for names of members) is drawn from the corporate
sector (several of the larger surface mines are represented); the Ministry of Energy, Mines
and Petroleum Resources; the Mining Association of British Columbia; the University of
British Columbia; the University of Victoria; and the Ministry of Environment and Parks.
The Committee meets four or five times a year to discuss matters of joint concern and

interest, exchange experience, and plan activities.

Since 1975, the Technical and Research Committee on Reclamation has annually sponsored
the British Columbia Mine Reclamation Symposium and Awards. This event draws contribu-
tions from all disciplines engaged in the mine reclamation field and attendance from across
Canada and the United States.

The proceedings of the symposium represent a record of mine reclamation achievement in

British Columbia plus a state-of-the-art assessment of current practice.

In 1985, the committee sponsored a preliminary study of the practice of resloping waste

dump faces, with support from the Canada-British Columbia Mineral Development Agreement.
in 1986, the Committee sponsored this International Rock Drain Symposium which draws
attendance from the United States, France and Australia, again with support from the

Canada-British Columbia Minera! Development Agreement.

Mr. A.W. "Tony" Milligan of Westar Mining Ltd., is the 1986/87 Chairman.



THE PROBLEM BEING EXAMINED AT THE SYMPOSIUM

A number of surface mines in mountainous regions of Western Canada are being forced by
topographic constraints to dump large quantities of waste rock in valley fills. As stream
diversions around dumps are often very costly, flow-through rock drains can be economical
alternatives for conveying streamflow under and through the dump particularly if suitable
mine waste rock is available. However, little published information exists on design methods
and performance of these rock drains. This lack of available information is limiting and

delaying approvals from government with resulting costs to mining companies.

THE OBJECTIVE OF THE SYMPOSIUM

The objective of the symposium is to assemble and review experience in the design, con-
struction and operation of rock drains. From this it is hoped to develop guidelines that will
allow mine development to be more cost effective and identify potential environmental impacts

of rock drain construction both during operation and following abandonment.

Aspects to be considered in design, construction and operation of rock drains will include
the following:

a. suitable methods of determining rock quality and gradation for use in drains;
b. hydraulic design of flow-through capacity;

c. hydrologic analysis and the damping effect of rock drains on flood peaks, also upper
basin effects;

d. slope stability considerations;

e. water quality associated with rock drains (sediment, nutrients and heavy metal additions);
f. effect on water quality downstream of the rock drains;

g. long term performance of rock drains under various climatic and geologic conditions;

h. seasonal effects to be considered in design and construction;

i. instrumentation and monitoring;

j. naturally occurring rock drains.
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5 YEARS EXPERIENCE WITH THE
SWIFT CREEK ROCK DRAIN AT
FORDING COAL LIMITED

by

D. Lane
Reclamation Officer

R. Berdusco
Administrator, Regulatory and Public Affairs

R. Jones
Environmental Control Officer

INTRODUCTION

Fording Coal Limited operates the Fording
River Operations Coal Mine located in south-
eastern British Columbia, Canada. The mine-
site, as shown in Figure 1, is within the
medial range of the southern Canadian Rocky
Mountains, approximately 136 km north of
the United States - Canadian border and 6
to 12 km west of the British Columbia -
Alberta provincial border.

The Fording River Operations produces an
average of 4 million metric tonnes of cleaned
coal per annum, primarily for export to
Japan. Both thermal and metallurgical coal
are produced at the minesite. Mining opera-
tions commenced in 1972 and are carried out
on a continuous basis. The operations employ
both truck/shovel and dragline mining tech-
niques in multiple seam pits. Total material
moved annually is approximately 50 million
bank cubic metres (BCM) of waste and raw
coal.

One of the major considerations in mine plan-
ning at such a large scale as employed at
the minesite is the location of spoil waste
dumps. Steep mountainous terrain and the
occurrence of numerous streams places costly
constraints on spoil location. Minimizing haul
distances, development costs and reclamation
requirements are critical components of an
efficient mine plan.

Typical spoil from the coal mining at the
Fording River Operations consists of sand-
stones, mudstones, shales and minor amounts
of pglacial till and colluvium overburden.
Disposal of the waste material by end-
dumping over the advancing face of a spoil
dump results in segregation of the waste
material as it slides and rolts down the face.
The fine, least durable mudstone and shale
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material accumulates near the crest of the
spoil face or breaks up moving down the
face, while the large, most durable sand-
stone fragments come to rest at the base of
the spoil. This results in the formation of a
zone of coarse rock in the base region of
the spoil which enhances stability and pre-
cludes the development of pore pressures
within the dump. It is this characteristic of
the Fording spoil dumps and the spoil plan-
ning requirements that led to the concept of
the flow-through rock drain.

Alternatives to the rock drain include cul-
verting through spoils, diversion of streams
around spoil areas and long hauls to areas
that do not have steam/spoil conflicts.

Although each case has its own specific
considerations, generally there is significant
economic advantage to wuse rock drains
where possible. At the Fording River Oper-
ations, the use of flow-through rock drains
has led to greater availability of shorter
haul areas for waste disposal, a reduction
of spoil development costs, a reduction of
impacts on streams, a reduction of the land
area required for spoiling and reduced land
reclamation costs.

REGULATORY CONSIDERATIONS

Regulatory requirements for rock drains on
the Fording River Operations vary greatly
depending upon the specific water course to
be crossed.

Legislative requirements may or may not
include approval undar section 7 or 8 of the
"water Act" and always require approval
under section 6 of the "Mines Act".

The size of the stream, whether it is per-
manent or ephemeral, whether any modifica-




tion of the stream is required prior to spoil-
ing and whether the stream is fish-bearing
are all considerations of the type of permit-
ting required.

Since 1982, over twenty flow-through rock
drains have been constructed in spoils at the
Fording River Operations.

The following discussion focuses on the
design, construction and operation of the
Swift Creek rock drain and summarizes
S years of operating experience.

THE SWIFT CREEK
ROCK DRAIN PROJECT

The Swift Creek Rock Drain Project was
initiated in 1980 with the primary purpose of
testing the flow capacity of the zone of
coarse rock that develops in the base region
of free-dumped coal mine spoils. The site at
Swift Creek was chosen as there was an im-
mediate requirement to provide a means for
conducting the surface flow of the creek
through a fill ramp required to access a new
spoil area south of Swift Creek. The project
was considered timely as rock drains are
expected to have a strong potential applica-
tion for future developments throughout the
minesite, and several years experience will
be necessary to prove the long term useful-
ness of these structures.

Design Criteria

At the initiation of this project, it was not
possible to accurately predict the ability of
the zone of coarse rock at the base of free
dumped spoils to channel water flow. This
fact necessitated that an additional rock zone
of predictable capacity be placed near the
base of the spoil to ensure that the design
peak flow of Swift Creek could be channelled
through the spoil (Figure 2). This zone,
constructed from select rock, is situated
parallel to, and a minimum of 2 meters higher
in elevation, than the existing creek channel,
so that it will only be used if the naturally
produced rock zone is unable to handie the
water flow in Swift Creek.

The 200 and 1000 year flood discharges in
Swift Creek were estimated to be 5.8 cumecs
and 7.1 cumecs, respectively, based on a

study concerning the prediction of flood
flows in the Fording River (Kerr, Wood,
Leidal Associates, 1980). The discharge

capacity of the constructed rock drain was
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estimated to be 0.07 cumecs per square
metre of cross-sectional area. It was de-
signed to provide a 75 m2 cross-section that
would conduct approximately 5 cumecs. The
zone of coarse rock at the base of the spoil,
developed as a result of end-dumping, was
estimated to have a discharge capacity of
0.08 cumecs per square wmetre of cross-
sectional area. It was conservatively
expected to provide a 50 m2 cross-section
that should be able to conduct approximately
4 cumecs. The combined capacity of these
two rock zones was therefore designed to
be approximately 9 cumecs.

Construction Details

Construction activities for the Swift Creek
Rock Drain Project began in September,
1980 and were fully completed by March,
1982. The completed drain structure was
built to the design specifications recom-
mended by Golder Associates, the geotech-
nical consultant involved with this project.

Prior to the placement of spoil over Swift
Creek, six piezometers were installed along
the section of the Swift Creek Channel
which would be covered with the spoil
material. The piezometers enable the mea-
surement of the elevation of the free-water
surface within the base of the cross-over
fill. At each piezometer location, surveys
were made to establish the profile of the
ground surface in a direction transverse to
the axis of the stream channel.

Monitoring Program

The monitoring program implemented for the
Swift Creek Rock Drain Project has the
objective of measuring the flow capacity
through the naturally produced coarse rock
zone and quantifying the effects of the rock
drain on the spoil fill stability and the
water quality of Swift Creek. The specific
data collected includes water flows with cor-
responding piezometric water elevations and
survey of the elevations of pins located at
the top of the crossover spoil ramp to
measure spoil crest movements. Water
samples are collected immediately upstream
and immediately downstream of the rock
drain and analyzed for pH, turbidity, sus-
pended and dissolved solids, conductivity,
hardness, alkalinity, nitrogen compounds,
sulfates and dissolved and total metals.

R .




summary for Five Years of Results

The performance of the Swift Creek Rock
drain has been satisfactory for five years of
operation. The free dumped rock drain was
adequate for all flows experienced and the
constracted drain was not required to con-
duct the water flow of Swift Creek.

Stream Flow Data

The maximum measured water flow through
the Swift Creek Rock Drain during the
5 years it has operated is 1.7 m3/sec which
occurred in 1982. Table 1 summarizes the
maximum measured stream flows for the years
1982-1986, inclusive.

Piezometer Data

Piezometer data for the Swift Creek Rock
Drain is available for 4 out of the 5 years of
operation. The piezometers malfunctioned In
1986 and no data was collected. In order to
ensure continued monitoring of water levels
within the dump, two rotary drilled holes
were installed at the sides of the haulroad
located on the top of the crossover hill.
These holes are centered over the original
Swift Creek channel and will be used as
wells to measure water Ilevels within the
crossover fill.

The available piezometer data indicates that
the through-flow capacity of the naturally
producted coarse rock layer at the base of
the Swift Creek Crossover Ramp has remain-
ed essentially constant for 4 years and is
not dimihishing with time. Table 2 summarizes
the range of average discharge capacities
rgcorded for the years 1982 to 1985, inclu-
sive.

The range of discharge capacities occurs
because of differences in the height of spoil
above each of the six piezometers. The
highest discharge capacity occurs near the
downstream toe of the crossover fill. The
lowest discharge capacity occurs near the
centre of the crossover fill beneath the haul-
road. This variability in discharge capacity
clearly indicates that loading from the spoil
mass above the coarse rock layer is an
Important factor in determining the discharge
capacity of a rack drain structure.

TABLE 1

MAXIMUM MEASURED STREAM FLOWS FOR
SWIFT CREEK FOR THE FIRST FIVE YEARS
OF OPERATION

MAXIMUM MEASURED

YEAR FLOW (m3/sec)
1982 1.7

1983 0.801
1984 0.647
1985 0.516
1986 0.478

TABLE 2

THE RANGE OF AVERAGE DISCHARGE
CAPACITIES (m3/sec per square metre
of Cross Sectional Area) FOR THE SWIFT
CREEK ROCK DRAIN FOR THE YEARS

1982 to 1985

RANGE OF AVERAGE
DISCHARGE CAPACITY
(m3/sec per m3 of cross

YEAR sectional area)

1982 0.038 - 0.22
1983 0.053 - 0.12
1984 0.031 - 0.12
1985 0.058 - 0.09:

Spoil Stability

The measured discharge capacities of the
Swift Creek Rock Drain permit the predic-
tion of water levels within the cross-over
fill for stream flows greater than the flows
that have occurred during the period where
observations have been made. The water
level within the cross-over ramp correspond-
ing to the 1000 year flood discharge of
7.1 m3/sec was estimated and the stability
of the ramp assessed. The results of the

assessment indicated that the 1000 vyear
flood will not impair the stability of the
spoil provided that a 3 m high fillet of

coarse rock be placed at the location where
water flows exit the toe of the cross-over
ramp. This fillet was constructed in 1983.

Monitoring of the cross-over fill has been
carried out to measure any settlement that
is occurring at the crest of the spoil. Six
survey pins were installed to record vertical



displacements and three of these have pro-
vided a continuous record. The average
vertical drop of these pins In the period of
December 1982 to November 1985 is 1.93
metres with an average of 1.69 m occurring
prior to April, 1984. This settlement rate is
averaga to below average compared to the
settlement of other stable spoils at the
Fording River Operations.

Water Quality

A water quality monitoring program has been
carried out at the Swift Creek Rock Drain
since 1982 with the objective of quantifying
the effects of the rock drain on the water
quality of Swift Creek. The monitoring pro-
gram consists of sampling above and below
the rock drain to determine the net effect of
the drain on various water quality para-
meters.

The Swift Creek Rock Drain produced an
initial elevation of most water quality para-
meters during the early part of the first
runoff period in 1982. This was an expected
occurrence as the first water flaws flushed-
out the rock drain.

Nitrogen Compounds

There are three nitrogen compounds moni-
tored at Swift Creek - ammonia (NHj),
nitrite (NO,) and nitrate (NO;). The source
of these nitrogen compounds is the residual
explosiva in the blasted waste rock used in
the construction of the rock drain. Explo-
sives used at the minesite contain up to 33%
nitrogen.

Ammonia levels have remained near detection
limits for both above and below rock drain
sampling locations and are not affected by
the rock drain.

Except for the initial flushing-out of the rock
drain, nitrogen in the form of nitrite, has
remained below Ministry of Environment's
receiving water objective applicable to the
Fording River.

Peak concentrations of nitrate nitrogen also

occurred in the first year due to the
flushing-out of the rock drain. In subse-
guent years, peak concentrations have

decreased substantially with minor fluctua-
tions due to hydrological conditions.
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Calculated nitrogen loadings indicate that
the quantity of nitrate nitrogen released or
discharged from the rock drain in 1985 is
similar to the years 1983 and 1984 but sub-
stantially lower than 1982. The rock drain's
contribution of nitrogen nitrate to the Ford-
ing River is relatively small, less than 5% of
the total from the minesite.

Other Parameters

Sulphate, pH, conductivitity, alkalinity,
hardness, dissolved solids and metals were
monitored in the initial years to indicate
general trends. Except for an initial eleva-
tion of sulphates, conductivity, alkalinity,
hardness and dissolved solids due to the
flushing-out of the rock drain, the effect of
the rock drain on these parameters is negli-

gible.
Sediment

There are two types of sediment that are
transported by Swift Creek:

1. bed-material load, which includes all
sizes of sediment found in appreciable
quantities in the bed material;

2. suspended load, consisting mostly of
fines, which are not found in appreciable
quantities in the bed material.

Bed-material Load

The quantity and type of bedload transport-
ed by Swift Creek may be of concern to the
performance of the rock drain structure. A
buildup of bedload inside and upstream of
the rock drain outiet may reduce the void
space and affect the discharge capacity of
the drain in the long term frame.

In order to study the effects of bedioad,
monitoring stations were set up in 1983 to
measure the bedload quantities contributed
by the two main forks of Swift Creek. In
addition, monitoring of bedload deposited in
the pond area formed upstream of the rock
drain inlet has been carried out since 1982.

The results from bedload monitoring are
preliminary but one important conclusion is
apparent. The south fork of Swift Creek
contributes 5% or less of the total bedload
material in Swift Creek and the main fork
contributed the rest, 95% or greater. The
significance of this fact is that the south
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fork is an undisturbed drainage while the
main fork has been disturbed by both log-
ging and mining activities. Therefare the
buildup of bedload upstream of the rock
drain is a result of the disturbances in the
main fork of Swift Creek. Regeneration of
the forest on the logged area and reclamation
of the mine disturbances should result in a
significant decrease in bedload quantities as
the watershed approaches a more natural
state and thus ensure the long term viability
of the Swift Creek Rock Drain. Future moni-
toring and analysis of bedload transport in
Sswift Creek is expected to confirm this
hypothesis.

Suspended Load

The sampling results to-date suggest that
the rock drain structure does not have an
effect on suspended solids concentrations. In
addition, an investigation of the water velo-
cities through the wvoid spaces within the
drain indicates that the deposition of sus-
pended load should not occur.

SUMMARY

Flow-through rock drains are an important
and cost effective component of spoil plan-
ning at the Fording River Operations. Five
years of experience with the Swift Creek
Rock drain have clearly demonstrated that
rock drains provide an effective means to
conduct water flows through spoil dumps.
The impact of rock drains on water quality
is generally short-lived and within manage-
able limits.
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FIVE YEARS PERFORMANCE OF
THE SWIFT CREEK ROCK DRAIN AT
FORDING COAL LIMITED

by
David B. Campbell, P. Eng.
Principal, Golder Associates

Consulting Geotechnical Engineers
Vancouver, British Columbia

INTRODUCTION

The Swift Creek rock drain represents the
first rock drain developed at a mining project
in British Columbia. This rock drain, which
was developed during the winter of 1981-82
conducts the surface flows in Swift Creek
beneath the base of a 55 m high rockfill
causeway that was required to provide access
to a new dumping area located on the south-
side of the drainage.

The materials comprising the Swift Creek
rock drain consist of large rock fragments
that separated on the face of the advancing
causeway fill, rolled to the toe, and came to
rest within the depression of the Swift Creek
drainage channel. Because no precedent data
were available regarding the through-flow
capacity of coarse gravity-separated rock
fragments, an auxilliary placed rock drain,
with its base at a level approximately 2 m
above the invert of the natural creek channel
was constructed parallel to the drainage
course. The material used to construct the
placed rock drain cansisted of coarse angular
fragments of waste rock gernered from the
toe regions of nearby waste rock dumps.

The data collected at the Swift Creek rock
drain over the past five years have shown
that the placed rock drain has remained com-
pletely dry, and that the Swift Creek flows
have remained within the lower rock drain
comprising gravity-separated rock fragments.
This paper summarizes the observed perfor-
mance of the lower rock drain i.e. the drain
comprising gravity-separated fragments, over
the past five years.

INSTRUMENTATION

Before the rockfill causeway was advanced
across the Swift Creek drainage channel, six
piezometers were installed at the bottom of
that segment of the drainage course to be
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covered by the causeway fill. The piezo-
meters consist of wellpoint screens complete
with flexible plastic tubes that extend to a
pressure measuring station located a short
distance downstream of the downstream toe
of the causeway fill. The piezometer tubes
were threaded through a steel pipe, which
was buried at a depth of approximately 2 m
below surface to provide protection against
potential damage as a result of impact by
the large rocks that gain significant kinetic
and rotational energy in the course of tran-
sit down the face of the advancing causeway
fill.

At each of the piezometer locations, detailed
surveys were made to establish the confi-

guration of the channel cross-section.
These survey data were used te calculate
cross-sectonal areas, and to establish the

relationship between area and elevation,

employing the type of plot shown on
Figure 1.
The piesometric elevations at piezometer

locations are determined from measurements
made at a closed-end monometer. Provided
the water levels at the monometer are read
correct to plus or minus 1T mm, the eleva-
tions of the free water surface within the
rock drein at individual piezometer locations
can be determined to plus or minus 20 mm.
Thus, the piezometer data, together with
the relationship between elevation and area
provide a means by which the gross area of
the wetted cross-section can be determined
at the location of an individual piezometer.

Each time that a set of piezometer data is
obteined, measurements are also made of the
rate of flow through the rock drain. The
data are plotted in the form of rate of dis-
charge versus the area of the wetled cross-
section at each of the piezometers. A
typical plot is shown on Figure 2. Although
the plotted points show a degree of scatter,
the relationship between rate of discharge
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and wetted area can be represented by a
straight line, the slope of which is a mea-
sure of the rate of flow per unit of gross
wettad cross-section within the drain. This
straight line relationship is in conformance
with that which should be expected for
turbutent flow through coarse, broken rock,
where the hydraulic gradient is controlled hy
the slope of the natural drainage course.

INTERPRETATION OF
PERFORMANCE TO DATE

The long-term performance of the rock drain,
and the potential for reduction in through-
flow capacity as a result of deposition of
sediment within the rock drain has been the
chief concern expressed by members of
regulatory agencies responsible for assess-
ment of permit applications.

Comparison of rates of flow and the corre-
sponding plezometric levels within the drain
at individual piezometer locations is one
method of assessing performance over time,
and assessing whether reduction in through-
flow capacity is occurring. Figure 3 is a plot
of the measured rate of flow through the
drain vs the elevation of the free water sur-
face at the location of piezometer No. 2 for
the years 1982 and 1985.

The data points are scattered within a hori-
zontal band, which has a width representing
a range of approximately 0.5 m ip elevation.
An explanation of the scatter in the plotted
points representing the 1985 data is provided
by Figure 4 which is a plot of rate of dis-
charge versus apparent area of wetted cross-
section. The data points for May 23rd indi-
cate a through-flow capacity of approximately
4.2 x 10-2m3/sec per m2 of wetted cross-
secticn. Between May 23rd and June 3rd,
the apparent unit rate of discharge through
the drain increase progressively to a value
of 6.8 x 10-2m3/sec per m2. The most
probable explanation for the increase in
apparent discharge capacity during the
interval May 23rd to June 3rd is melting of
ice that accumulated within the Swift Creek
rock drain during the previous winter.

Observations on the faces of waste rock
dumps in eastern British Columbia show that
seasenal exchange of air occurs within the
dumps at the onset of winter. As the ambient
temperature drops at the beginning of winter,
field observations show conclusively that
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convection currents result in expulsion of
warm air on dump surfaces, particularly on
the sloping faoes of dumps. Warm air expel-~
led from a dump is replaced by higher den-
sity cold air that invades the dump through
its toe region. The field observations show
that cold air does invade waste rock dumps,
and that some buildup of ice within a rock
drain should be expected.

The data plotted on Figure 4 indicate that
on May 23rd, 1985, ice remained present
within the Swift Creek rock drain and that
the presence of this ice raised the elevation
of the free water surface at the location of
piezometer No. 2. This increase in the in-
dicated elevation of the free water surface
resulted in an over-estimation of the area of
the wetted cross-section through which flow
was taking place.

During the 11-day interval May 23rd, 1985
to June 3rd, the flow of weter through the
drain resulted in melting of ice from ap-
proximately 4.5 square meters of the drain
cross~-section. By June 3rd, 1985, the in-
dicated unit rate of flow through the drain
had increased by more than 50 per cent
relative to the unit through-flow rate indi-
cated for May 23rd.

The discharge capacities of the draim per
unit of wetted cross-section at the locations
of piezometers 1 to 4 inclusive for the years
1982 to 1985 are summarized in graphical
form on Figure 5. As indicated on Figure 6,
piezometers 3 and 4 are located beneath the
causeway fill platform, and are covered by
approximately 55 m of waste rock. Piezo-
meters 1 and 2 are located beneath the
downstream fill slope.

The data on Figure 5 indicate that through-
flow capacity per unit of wetted cross-
section is lower at piezometers 3 and 4,
located beneath the platform, than at piezo-
meters 1 end 2. The increase in through-
flow capacity from piezometers 3 and 4 to
piezometer 1 is indicated on Figure 6(b).
The data indicate that through-flow per unit
area of wetted cross-section within the
drain increases exponentially in the down-
stream direction for that segment of the
rock drain located beneath the down-stream
shoulder of the fill.

At the time the toe of the causeway fill
began to advance over the zone of coarse
segregated rock that forms the Swift Creek



rock drain, both rock size and rock type
were uniformly distributed along the length
of the drainage course extending from the
upstream to the downstream limits of the
drain. Consequently, the reduced through-
flow capacity beneath the platform of the
causeway is not related to differences in
rock type or in rock size at the time the
rock drain became covered.

The lower value of through-flow capacity
beneath the causeway platform, and the
increase in through-flow capacity in the
downstream direction is related to variations
in thickness, and therefore in the weight of
the waste rock above the drain. The stresses
that result from the weight of the waste rock
above the drain are transferred through the
rock drain by point-to-point contacts between
neighboring blacks of rock. Initially, these
contact areas were small, with the result that
as the drain became covered by causeway
fill, the point-to-point contact stresses
increased to high wvalues, and undoubtedly
resulted in crushing at the contacts, as well
as fracturing of some of the blocks. Crush-
ing and fracturing results in a slight reduc-
tion it the mean effective size of the frag-
ments comprising the drain, and the fracture
fragments can be expected to have resulted
in a modest reduction in void ratio. Since
both void ratio and particle size govern
hydraulic radius (reference Campbell, 1986)
this reduction in hydraulic radius is respons-
ible for in a reduction in the through-flow
capacity per unit of cross-sectional area
beneath the causeway platform.

Figure 6 is a vertical cross-section coincident
with the longitudinal axis of the Swift Creek
rock drain. The locations of piezometers are
indicated, together with the level of the
measured piezometric profile coresponding to
a discharge of 0.77 m3 per sec. through the
drain, the maximum rate of discharge for
which data are available. This piezometric
profile is labelled curve 'A' on Figure 6(a).
The measured rate of discharge per unit area
of wetted cross-section at each of the piezo-
meters was used to estimate the area of the
wetted cross-section corresponding to a dis-
charge rate of 7.1 m3 per sec, the predicted
1,000-year flood event. By imploying the
relationship between cross-sectional area and
elevation at each of the piezometers, the
piezometric level correaponding to the 1,000-
year flood event was estimated. This predict-
ed level is labelled curve 'B' on Figure 6(a).
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To guard against ravelling at the outlet end
of the drain during intervals of high dis-
charge, a fillet consisting of individual rock
fragments approximately 1 m in size was
placed at the downstream toe. The surface
of this fillet slopes at 5 horizontal to 1
vertical, and intersects the downstream face
of the causeway fill at a level 3 m above
the base of the natural drainage channel.

CONCLUSION

The data that have been collected at the
Swift Creek rock drain over the past
5 years have permitted an assessment of the
rate of discharge through the drain per
unit area of wetted cross-section. At piezo-
meter No. 1, where the thickness of fill
above the drain is approximately 10 m, the
measured rate of through-flow per unit of
wetted area is slightly greater than the flow
the value predicted at the time the initial
design studies were carried out. Beneath
the roadway portion of the causeway, the
measured through-flow capacity per unit of
wetted cross-section is somewhat lower than
the values originally predicted. These lower
values of through-flow capecity beneath the
roadway are believed to be the result of
crushing and fracture of constituent rock
firagments comprising the drain in response
to the stresses imposed by the overlying
fill.

The data to date indicate that the through-
flow capecity of the Swift Creek rock drein
is not decreased with time.
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FIGURE 1

An example of the relationship between area and elevation
at an individual piezometer, as established by survey data.
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FIGURE 2

A typical plot of rate of flow vs area of wetted
cross section at an individual piezometer location.
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Plots of discharge vs water surface elevation for
1982 and 1985 at the location of piezometer No. 2.
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FIGURE 4

Rate of flow plotted against wetted area at piezometer No. 2

during the interval 23 May to 3 June '85. The data indicate
that during this interval, flow through the drain resulted

in melting of ice from approximately 4.5 square metres of

the cross section.
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Numbers x 1072 = discharge capacity -V - m3/sec
per square metre of wetted cross-section.
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FIGURE 5
A graphical presentation of indicated through-flow capacities for
1982 to '85 inclusive. The data indicate that through-flow capacities
are not decreasing with time.
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FIGURE 6

Section coincident with the axis of the Swift Creek rock drain
showing the observed piezometric profile at the base of the
causeway fill corresponding to a flow of 0.77 cumecs (curve A),
and the predicted profile corresponding to 7.1 cumecs, the predicted
1000-year event (curve B). The manner in which through-flow
capacity increases in the downstream direction is illustrated by Figure 6(b).
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VALLEY FILL PRACTICES
IN WESTERN UNITED STATES
COAL MINING

by
Louis W. Hamm
Mining Engineer
United States Office of Surface Mining
Reclamation and Enforcement
Western Field Operations
Denver, Colorado

ABSTRACT

This paper is intended to present a repre-
sentative sampling of the occurrence and
usage of wvalley fills in Western United States
coal mines. Valley fills observed in the field,
and design data was reviewed from the
mining permit applications submitted in
response to the regulatory requirements of
the Surface Mining Control and Reclamation
Act of 1977 (SMCRA).

Westenn underground mining operations in-
volve longwall and/or room and pillar mining
methods in rugged mountain areas where
steep topography provides no natural loca-
tion for surface fecilities. At some Western
undarground mining operations a surface pad
is created by excavating valley wall material
and depositing it in the valley bottom, creat-
ing a valley fill to support the necessary
surface facilities. These fills are frequently
established in perennial or intermittent
stream valleys. Stream drainage is tempor-
arily diverted through the fill in culverts
while the mine is operating. The temporary
diversions are later removed during reclama-
tion and the fill material regraded.

Surface operations near mountain areas, such
as the Yampa River Basin of Colorado, some-
times deposit excess spoil as valley fills in
small drainages adjacent to the mining opera-
tion. A combination of rock drains and sur-
face diversions are used to convey flow in

these drainages through and around the
valley fill spoil.

OVERVIEW

The coal mining regions of the Western

United States make limited use of wvalley fill
spoil disposal. Most of the open pit coal
mining occurs in the Great Plains or areas of
low topographic relief. The mining method
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most commonly used in the mountainous
areas of the west is underground mining,
which generates relatively little spoil or
waste rock.

The contour strip and mountain top removal
mining common in the Esastern United States
generates considerable spoil in the moun-
tains of Appalachia, resulting in frequent
use of valley fill disposal. The dipping,
deep beds of the rugged mountains in the
west are best suited to underground mining
in room and pillar or longwall operations.

For the purposes of this paper, five wes-
tern operations will be discussed. Three
deep mines in Utah and two surface mines
in Colorado. These mines typify valley fill
utilization in the Western United States coal
fields.

The underground mining operations aro
located in rugged mountain areas where
steep topography provides no natural loca-
tion for surface facilities. Therefore, a
surface pad is created by excavating adja-
cent valley wall material and depositing it in
the valley bottom thereby creating a valley
fill to support the necessary surface facili-
ties. The deep coal seams are usually
expased in the deeply incised valleys of
perennial or intermittent streams. Therefore,
the valley fill for support facilities must
accomodate the passage of perennial or
intermittent streams at flood stage. Culverts
are constructed along the existing stream
channel before construction of the valley fill
begins, so that the stream flow will be
maintained through the fill. During reclama-
tion the fill is either removed or the re-
claimed stream channel is diverted over and/
or around the fill.

Surface mine operations near mountain areas,
such as the Yampa River Basin of Colorado,
sometimes deposit excess spoil as valley fills



" in small drainages adjacent to the mining
operation. A combination of rock drains and
" surface diversions are used to convey flow
..jn these drainages through and around the

“yalley fill spoil.

* "REGULATIONS

Under the Surface Mining Control and Re-
clamation Act of 1977 (SMCRA), valley fills
are defined as a "structure consisting of any
material other than organic material, that is
) placed in a valley where side slopes of the
existing valley, measured at the steepest
point are greater than 20 degrees, or were
_the average slope of the profile of the valley
"from the toe of the fill to the top of the fill
is greater than 10 degrees." (Code of
Federel Regulations, 30 CFR 701.5 Defini-

. tions)

Both Federal and State regulations (Code of
Federal Regulations, 30 CFR 816.71 through
.73, and 817.71 through .73; Utah Under-
ground Mining Code, UMC 817.71 through
.74; and the Code of Colorado Regulations,
Colorado rules 4.09.1 through 4.09.4) re-
quire that valley fills be constructed so that
leacheate and runoff from the fill will not
degrade surface or ground waters or exceed
required effluent limitations. All vegetation
and organic materials must be removed from
the disposal area and topsoil shall be re-
moved, segregated, and stored. The fill must
be shown to be stable with a minimum long-
term safety factor or 1.5. Subdrains are
required wherever there is the potential for
drainage or seepage, and State regulations
require runoff from above the fill to be
diverted into stablized diversion channels
designed for a 100-year, 24-hour precipita-
tion event. Federal regulations require these
diversions be designed for the 100-year,
6-hour event. Temporary diversions are
required to pass the 10-year, 24-hour event
(State) or the 10-year, 6-hour event
(Federal). Excess spoil Is required to be
" placed in lifts not to exceed 1.2 meters (4
ft) each, except for fills with spoil that
meets requirements for classification as "dur-
able rock". Durable rock spoil must be at
least 80 percent, by wvolume, durabje, non-
acid and non-toxic forming rock that does
no.t| slake in water and will not degrade to
soil.

Current Utah regulations are unique from
most other Western State regulations in that
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they specifically prohibit diversion of a
stream over a valley fill. Federal regula-
tions require that diversions over the fill
be placed in channels designed to safely
pass the runoff from a 100-year, 6-hour
precipitation event. Most State regulations
require the channel be designed for the
100-year, 24-hour precipitation event. No
uncontrolled drainage over the fill is allowed
in Federal or State regulations.

CASE STUDIES

Convulsion Canyon

The Convulsion Canyon Mine, near Salina,
Utah, is an underground room and pillar
operation (Figure 1). The mine is beginning
expansion to include longwall methods as
well. The portal area was constructed at
the junction of an ephemeral and an inter-
mittent stream. Both are incised into steep
canyons of the Southern Wasatch Mountains.
The surface facilities pad was constructed
in the late 1960's on a 260,000 cubic meter
(340,000 yd3) valley fill covering approxi-
mately 5 hectares (13 acres). The wvalley-fill
pad was constructed by excavating material
from the adjacent valley walls.

A 183 cm (72 in.) diamater culvert conveys
flow from intermittent East Spring Creek
along a sandstone ledge beneath the valley
fill. Flow from ephemeral Mud Spring Hollow
is diverted through a 107 cm (42 in.) cul-
vert to join the larger culvert beneath the
fill (Figure 2). The average slope of the
East Spring Creek diversion is 4.2 percent,
and the slope of the Mud Spring Hollow
diversion is 7 percent. The peak flow
during a 100-year, 24-hour precipitation
event for East Spring Creek has been cal-
culated in the mine permit application to be
21.55 cubic meters per second (761 cfs).
The same event in Mud Spring Hollow has
been calculated to be 12.83 cubic meters
per second (453 cfs), for a total peak Flow
through the fill area of 34.4 cubic meters
per second (1,214 cfs). (Sergent, Hauskins,
and Beckwith, 1986)

During reclamation, the fill will be excavat-
ed to the culvert which is situated on a
sandstone ledge approximately 2.4 meters
(8 ft) below the surface of the fill. Once
the culvert is removed the fill will be re-
graded with stable side slopes designed for
positive drainage, and the stream channel
will be diverted around the fill, over bed-




. (Figure 3). }
'v(sttfgbm channel is designed with eight reaches
' over approximately 400 meters (1,300 ft),

rock outcrops, and into a splash basin where
it wi join the natural stream channel
The proposed reclaimed main

with a total vertical drop of about 67 meters
(220 ft). The reclaimed channel will be trap-
ezoidal with side slopes of 1:1 and a bottom
width of 5.3 meters (17.5 ft). Over the bed-
rock ledges to the splash basin, the channel
will have a bottom width of 3 meters (10 ft)
and side slopes of 0.75h:lv, with a bed

gradient of .571 to .546. The reclaimed
channel will include a layer of filter sand
and filter fabric with riprap. Hydraulic

characteristics were designed using & Man-
nings roughness coefficient of 0.035.
(Sergent, Hauskins and Beckwith, 1986)

Currently the fill is stable and there have
been no major problems with conveyance or
runoff through the culvert diversion. Recla-
mation is scheduled for the vyear 2010
(Southern Utah Fuel Company, 1980).

Deer Creek

The Deer Creek Mine, near Huntington, Utah
is an underground longwall operation with
some room and pillar mining as well (Flgure
4). The portal facilities are constructed on a
190,000 cubic meter (250,000 yd3) valley fill
at the junction of Deer Creek a perennial
stream, with two intermittent streams, Deer
Drainage, and Elk Creek. The valley fill oc-

cupies approximately 3.5 hectares (8.5 acres).

Material to construct the fill was obtained
from the south slope of the Deer Creek
drainage and from sediment pond construc-
tion.

Deer Creek, Deer Drainage, and Elk Creek
are passed underneath the facilities area in a
2.5 meter x 1.75 meter (8' 2" x 5' 9") pipe-
arch culvert. The culvert and the associated
diversions collect runoff from 1,250 hectares
(3,100 acres) of the Deer Creek basin. The
main Deer Creek culvert is 850 meters (2,800
ft) long with a vertical drop of 128 meters
(420 ft). Intermittent Deer Drainage is diver-
ted into a parallel system of 91 cm (36 in.)
and 137 cm (54 in.) culverts which feed into
the main Deer Creek Culvert. Similarly, a
parallel system of 76 cm (30 in.) to 107 cm
(42 in.) culverts at Elk Creek feed into the
main culvert (Figure 5). Flow during a 100-
year precipitation event has been ocalculated
to be 20.6 m3/s (728 cfs) for the Deer Creek
watershed.
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Reclamation at the Deer Creek Mine facilities
will consist of removing the temporary
drainage system and facilities, and recon-
touring slopes for positive drainege. Rip-
rapped channels with 3 to 6 meter (10 to 20
ft) base widths and 2h:lv side slopes are
proposed for reconstructing the Deer Creek,
Deer Drainege, and Elk Creek drainages.
These channels are designed for the 100-
year, 24-hour storm event. Reclaimed chan-
nel design (Utah Power and Light Company,
1985) calls for routing the Deer Creek
channel over the valley fill to a sandstone
outcrop at the downstream extent of the fill.
A 9 to 12 meter (30 to 40 ft) wide channel
will be cut into the sandstone at that point.
Water will flow from the riprapped channel
on the fill to the channel cut into sandstone
and over the edge of the sandstone cliff,
casrcading pver sandstone outcrop as it falis.
A riprap-lined splash basin will be used at
the base of the cliff to dissipate energy and
transition the Deer Creek flows into those
of Elk Creek (Figure 6).

The design for the reclaimed stream channel
was approved as an experimental practice*
to develop reclamation technology in Western
U.S. mountain mines since the Utah regula-
tions prohibit standard permitting of diver-
sions across a fill. The alternative to per-
mitting the diversion as designed was to
create much more environmental disturbance
by removing, transporting, and depositing
the fill material at a new location. The con-
figuration and geology of the vallay walls
does not readily lend itself to diversion of
the stream channels around the fill.

Skyline

The Skyline Mine, near Scofield, Utah, is
an underground room and pillar mine. The
mine is situated in the high valleys of the
Wasatch Mountains at an elevation of ap-
proximately 2,620 meters (8,600 ft) above

*Experimental Practices are addressed under

Section 711 of SMCRA, "...to encourage ad-
vances in mining and reclamation prac-
tices..." so long as they "...are potentially

more or at least as environmentally protec-
tive, during and after mining operations, as
those required by promulgated standards..."
and "...the experimental practices do not
reduce the protection afforded public health
and safety below that provided by promul-
gated standards."
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sea level (Figure 7). The portal area facili-
ties are construction on a terraced 558,000
cubic meter (730,000 yd3) fill over epproxi-
mateily 12 hectares (30 acros) at the junction
of two intermittent forks (North Fork and
Middle Fork), and one ephemeral fork (South
Fork) of Eccles Creek (Figure 8). The com-
bined drainage area for these straams is ap-
proximately 332 hectares (820 acres). Peak
runoff during a 100-year, 24~hour precipita-

tion event would be about 3.7 m3/s (130 cfs).

(Coastal States Energy Company, 1979)

Culverts to temporarily convey the stream
flow while the mine is operating are located
in the original stream channels. The South
Fork tributary culvert is 142 cm (56 in.) in
diameter and approximately 290 meters (950
ft) long. It is joined by the Middle Fork
tributary culvert whioh is 122 cm (48 in.) in
diameter and approximately 305 meters (1,000
ft) long. Both culverts join a 152 ¢cm (60 in.)
diameter culvert for 43 meters (140 ft) where
it is joined by diverted flow from the North
Fork tributary. The North Fork tributary
flow is diverted through a 122 cm (48 in.)
diameter culvert for approximately 283 meters
(930 ft) where it joins the other two tribu-
taries to connect with a 183 cm (72 in.) main
conveyance culvert for approximately 280
meters (920 ft) to the outlet below the fill
(Figure 9). (Coastal States Energy Company,
1979)

The North Fork tributary is unique because
the inlet was clogged several times following
construction by earth slides from upstream
undisturbed areas following precipitation
events. Such earth slides are common in the
Wasetch mountains. To mitigate the problems,
the mine operators constructed a rock drain
to a depth of approximately 2.4 meters (8 ft)
below the surface at the mouth of the small
tributary valley. The rock drain, constructed
flush with the ground surface over a 9 meter
(30 ft) diameter area, allows some drainage
to occur even after an earth slide covers the
drain inlet. The previous culvert inlet struc-
ture was blocked and covered by each earth
slide which would create a mound over the
culvert structure. The mounded slide ma-
terial would effectively divert subsequent
runoff around the culvert inlet and onto the
facilities area.

The rock drain inlet at the North Fork inlet
is constructed of 20 cm (8 in) diameter dur-
able sandstone wrapped in a fabric filter
with 5 cm (2 in) diameter filter rock over
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the fabric. (Keith Zobell, Utah Fuels Com-
pany, verbal communication, 1986)

The wvalley fill occupies approximately
10 hectares (25 acres). Material to construct
the fill was obtained from the walls of the
valleys at their confluence.

Reclamation at the Skyline Mine will consist
of excavating the valley fill to remove all
diversion culverts, and regrading the fill
material ta establish positive drainage
through riprap protected channels located
approximately in the original stream chan-
nels (Figure 10).

Colowyo

The Colowyo Mine located between Craig and
Meeker, Colorado, is a surface dragline
plus truck and shovel operation. The mine
is situated at an elevation of approximately
2,225 meters (7,300 ft) above sea level in
the Yampa River Basin of Western Colorado.
Topography is rolling and moderately incis-
ed by surface drainage.

Excess spoil* from the mine operation is
hauled to a 41,000,000 cubic meter
(54,000,000 yd3) valley fill established in
an ephemeral stream drainage at the east
edge of the mine area (Figure 11). The fill
covers approximately 70 hectares (175 acres).
There is no constructed drain in the fili.
Surface runoff is directed around the fill
by means of diversion channels.

Construction of the fill began in early 1977.
Spoil material was first deposited in a 61
meter (200 ft) lift with subsequent lifts of
15 meters (50 ft) each. The spoil material
was deposited by end dumping from trucks,
thereby creating a natural sorting of rock
material size through tbe action of gravity
(Figure 12). Coarse rock was established at
the bottom of the fill with decreasing rock
size toward the top of each lift (Colowyo
Coal Company, 1981). In this manner a
natural rock drain of coarse spoil was
established in the wvalley bottom. Monitor
wells installed after completion of the
eastern most side of the fill indicate the
presence of a piezometric surface at depth
in the fill, although there is no apparent

*Federal regulations define excess spoil as
" . . spoil material disposed of in a loca-
tion other than the mined-put area. N



outflow at the toe of the fill (James Kiger,
Colowyo Coal Company, verbal communication,
1986).

Disposal of excess spoil into the valley fill
continued in an upstream direction as mining
progressed until 1985, when the fill reached
the pit area and normal backfilling af the

pits continued. The ephemeral valley into
which the spoil is being placed is unique
because the mouth of the canyon is more

narrow than the upstream areas. The natural
configuration of the valley makes the dispo-
sal of spoil convenient because the graded
outslope is at a narrow part of the valley,
and runoff diversions can be localized to
reduce construction costs.

The Colowyo Mine valley fill was begun be-
fore the enactment of SMCRA in 1977. State
and Federal regulations promulgated subse-
quent to SMCRA require that valley fills be
constructed in 1.2 meter (4 ft) lifts. Since
the valley fill had already been significantly
constructed prior to promuigation of the re-
gulations, and the fill did not meet the
"durable rock fill" requirements of the regu-
lations, the fill was permitted under experi-
mental practice regulations so that the indus-
try might benefit from the fill's design. The
burden ta the operator of permitting the
structure was increased because of special
design parameters and mitigatian plans ne-
cessary to permit under the experimental
practices regulations.

The fill is a permanent structure constructed
with a 3h:lv outslope from the mouth of the
valley at an elevation of 2,009 meters (6,590

ft) to an elevation of 2,195 meters (7,200 ft).

A 9 meter (30 ft) wide bench is placed at
every 30 meters (100 ft) in elevation in the
lower 90 meters (300 ft) of the structure.
The benches are 6 meters (20 ft) wide in the
upper 90 meters (300 ft) of the structure.
Above 2,195 meters (7,200 ft) the spoil was
placed at a flatter slope to blend with back-
filling of the mine pit (Figure 13). (James
Kiger, 1986, verbal communication; CTL/
Thompson, Inc., 1979).

Surface drainage of the valley has been re-
located in a channel constructed along the
north abutment of the fill. The channel in-
tercepts disturbed area runoff from above
the spoil pile and conducts it to the toe of
the fill and a siltation dam.
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Eckman Park

The Eckman Park Mine is located south of
Steamboat Springs, Colorado in the Yampa
River Basin of Western Colorado (Figure 14).
The mine is a surface dragline operation,
situated at an elevation of approximately
2,130 meters (7,000 ft). Excess spoil is
hauled to valley fill areas established during
1981 as permanent structures. At least two
fills with durable rock underdrains were es-
tablished to accomodate excess spoil (Figure
15). The rock underdrains are constructed
along the natural drainage bottom with
graded fiiter material and durable rock
drain material. The fills are approximately
2,300,000 cubic meters (3,000,000 yd3) in
size over approximately 32 hectares (80
acres) each. The spoil is composed of sand-
stone with a specific gravity of 2.13 end
shales with specify gravity ranging from
2.29 to 2.39 (Energy Fuels Corp., 1979).

The average unit weight of the loose spoil
material is approximately 2,000 kg/m3 (125
pcf). Gradation of the spoil was found to
range from 87.1 percent passing a 20 cm (8
in) sieve, down to 2.3 percent passing
0.074 mm (No. 200 U.S. Standard Sieve
Series) sieve.

Based on the above gradation, the drain
filter material was sized ranging from 100
percent passing a 61 cm (24 in) size, to 3
percent passing a 0.074mm (No. 200) size.

The drain rock was sized ranging from 100
percent passing a 1 meter (3 ft) size to 10
percent passing a 0.5 meter (1.5 ft) size.

The drain rock and filter material are com-
posed of durable, non-slaking sandstone
querried from the site. The spoil fill is
compacted in 1.2 meter (4 ft) lifts, with an
overall 3h:lv slope, and 9 meter (30 ft)
wide benches every 15 meters (50 ft) in
height.

Similar spoil-pile valley-fills are currently
proposed for an additional mining area ad-
jacent to the Eckman Park Mine, known as
the Little Middie Creek Tract. The Little
Middle Creek Tract is at an elevation of
2,400 meters (8,000 ft). A total of eight
rock underdrains below excess spoil is pro-
posed for the new éerea. The underdrains
will extend from the toe of the spoil struc-
ture to the low wall of the box cut (Figure
16). Additional underdrains are proposed
for any steep area encountered. All stream
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flows will be intercepted and diverted around
the underdrains. The proposed underdrains
are designed to transport ground water
under the excess spoil, and prevent satura-
tion of the fill.

All proposed underdrains at the Little Middle
Creek Tract will have a minimum width of 3
meters (10 ft) and a minimum height of 1.2
meters (4 ft). No more than 10 percent of
the drain material will be less than 30 cm (12
in) in size. The maximum size of the drain
material will be 76 cm (30 in). To ensure
that the underdrain does not clog, a graded
filter of durable, non-toxic, on-site materials
or an appropriate filter fabric is proposed to
be constructed on all sides of the underdrain
as well as the upslope end. (Golder Asso-
ciates, 1986)

A total length of 2,210 meters (7,250 ft) in
underdrains are re-proposed for the Little
Middle Creek Tract. Each will be constructed
1.2 meters (4 ft) in height with a 3 meter
(10 ft) wide top and 2h:lv side slopes.

CONCLUSION

Valley fills in Western Coal Mining are not
always created as a means for excess spoil
disposal. Some undergrpound mines in Utah
excavate adjacent valley walls to create a
valley fill as a pad to support surface facili-
ties. Western surface mine areas in moder-
ately incised topography may use the incised
drainage valleys as a convenient means of
excess spoil disposal without inordinate sur-
face disturbance. Although Western United
States coal mining methods and geography
are not as conducive to valley fill use as
Eastern mines, the design and function of
each valley fill is largely governed by regu-
latory constraints brought on through the
enactment of the SMCRA on August 3, 1977.
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CONVULSION CANYON MINE
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FIGURE 4
DEER CREEK MINE
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FIGURE 5
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