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1.O INTRODUCTION

1.1 INTRODUCTION

The White Mesa Uranium Project, Energy Fuels Nuclear, Inc., (Energy
Fuels), is a proposed uranium ore mill facility located in southeastern
Utah about six miles south of the town of Blanding (as shown on Figure
1). The mill is designed to process urtnium ore by an acid leaching
operation into a yellow-cake uranium concentrate. The planned mill

capacity is 2,000 tons / day of ore for a 15 year project life.

By-products of the mill'ng operation include the crushed sandy cre
waste, co:monly called callings and waste water. The amount of tailings
equals the amount of ore processed due to the low perc. age of uranium

in the ore. Approximately an equal amount (by weight) of tailings and
tailings water are created. The tailings management system presented
herein is designed to dispose of these by-products in an economical and
environmentally sound manner.

1.2 BACKGRuUND

The White Mesa Uranium Project is fully described in the Environmental
Report (ER) (Dames and Moore, 1978); the Source Material License

Application (SMLA) (Energy Fuels, 1978); and supplemental reports on air
and water quality, meteorology and radiological aspects. These reports

prepared and submitted in accordance uith the requirements of U.S.wer.2

Nuclear Regulatory Commission (NRC) Regula tery Guide 3. 5 (USNRC, 1977a).
They were reviewed by the NRC staff and the Draft Envirencontal State-
ment (DES) (USNRC, 1978) issued.

The tailings nanagement systen reviewed in the DES e.cs2ntially was the

system presented in the SMLA, Appendix AA, with the following two major
changes:

* The lining for the cells was changed from on-
site clayey-silt to a synthetic material.

* The reclamation cover was modified from 9 feet 7

of silt-sand and ') inches of topsoil to 2 feet - ) 7
of clay, 10 feet of clayey-silt and 9 inches
of topsoil.

IIMMPilMNIADNIIA
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The tailings management system described in this report is based on the
system reviewed in the DES and is similar to it. Modifications have
been made to the cell layouts and the operational procedures, however,
due to detailed design for const.uction and questions and statements
made in the DES.

1.3 SU101AEY

The tailings management system described herein consists of the foliv iag
major parts:

Tailings Disposal System - Five cells or storagee

reservoirs to hold the tailings water and solid
wastes. The cells are located in a shallow valley
or swale area to minimize exposure of the tailings
and to provide storage below the existing grade
of the swales or ridges. The multiple-cell system
will be sequentially constructed, operated and re-
claimed to minimize disturbance of the area, construe-
tion costs, and tailings exposure. Each cell is
formed by excavation of soil and rock and by construc-
tion of a dike across the open end of the swale. The
dikes will be constructed of on-site soils and are
designed in accordance with Regulatory Guide 3.11
(USNRC, 1977b). The cells will be lined to prevent
seepage into the in situ materials or groundwater.
All water will be disposed of by evaporation and no
discharge out of the system will occur Reclamation
of the tailings cells will be achiev_u by covering
with layers of clay, soil, and rock.

Operational Procedures Plan - The plan for opera-*

tion of the tailings management system includee
beaching the tailings solids in a dense, stable
deposit, decanting most of the water, and pumping
the water to separate cells for evaporation.
This plan will produce deposited tailings which
may be readily reclaimed and will control the
water separately from the solids.

Surface Water Control System - Several ditches*

and small berrcs are proposed to divert precipi-
tation runoff away from the tailings cicoosal
system. Ditches and a diversion fill are also
proposed to prevent precipitation runoff frem
flooding the facilities area. A sedimentation
pond is proposed to collect and control runoff

and sediment from the facilities area.

273 233
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Groundaater Manitoring System - This system*

consis ts of groundwater wells installed to pro-
vide preoperational and operational monitoring
of the groundwater quality, in accordance with
NRC requirements. The system also includes
several wells to detect cell leakage in strata
abovc the groundwater table.

The tallings managemer.t system will be constructed in phases. The
Initial Phase consists of a tailings disposal cell (Cell 2) and an
evaporac .1 (Cell 1-Initial). This phase will provide for tailings
water and . ids disposal for approximately 2-3 years of mill operations.
Appendix A contains the drawings showing the detailed designs for construction
af this phan. These drawings are referred to as " Sheets" throughout
this report. Appendix B contains the Guideline Specifications for
construction of the Initial Phase. Expansion phases will consist of the

construction of an additional evaporation cell (Cell 1-Enlargement) and
three tailings disposal cells (Cells 3, 4 and 5) constructed sequentially,
as required. The expansion phases are conceptually shown on the drawirgs
in Appendix A. The complete system will provide storage for tailings
f rom 15 years of mill operation.

1.4 CO:;CLUSIO;S

The complete tallinga management system is designed to meet the requirements
of the U.S. :;uclear Regulatory Commission, applicable state regulations
and prudent engineering practices. The Draft Generic Environmental
Impact Statement on l'ranium Milling (DGEIS) (USNRC, 1979) was also

reviewed and proposed requirements implemeni ' to the extent possible.
Ilowever, DGE LS was issued after the ER and DES were published and

consequently may not apply in its entirety.

The Constructien Documents presented herein concentrate on the details

of the Initial Phase since it will be constructed in the near future.
S o"im i e n t details for the remainder of the system are presented to show
feasibility. Preparation of additional construction details may be
necessary prior to constru; tion cf the Expansion Phases. n77 ') Q gLIJ LU
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The system as designed is considered to be within the regulatory re-
quirements, economical, environmentally sound and complies with the
needs of operating the White Mesa Uranium Mill.

Respectfully submitted,

.

Corwin E. Oldweiler
Assista t P o.ect Engin r

-

^
\

Michael J. Taytor
Project Manager

.

CEO: LIT:lm

"
I

d

E

i

E
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2.0 SYSTEM REQUIREMENTS

2.1 GENERAL

The tailings management system is designed with regard to specific
requirements related to the physical aspects of the site, the design
capacity of the project, the operation of the system, and the con-
straints imposed by previous permitting actions. This chapter discusses
those requirements. In general, the requirements are as follows:

The systen will be similar in layout and con-*

cept to that presented in the Source Fbterial
License Application, Appendix AA.

The system will be adequate for storage of the*

volume for the 15 year project life.

The system will show an adequate water balance*

by evaporation and/or storage. No recycling of
the water is proposed and seepage is minimized
to the maximum extent practical.

* The tailings will be stored below the existing
surface of the mesa.

Environmental aspects will be considered includ-*

ing minimizing the disturbance of archaeological
sites, groundwater protection and rapid reclama-
tion to minimize fugitive dust.

The system vill be constructed utilizing a mini-*

num of borrc w outside of the cell construction
area; and tre system will be relatively easily
constructed with available construction equipment.

* The system will incorporate safety and spill pre-
vention features in case of unanticipated acci-
dents during operations.

Surface water will be prevented from entering*

the cells or flooding the facilities area.

The groundwater will be moni ored to detect* any
unanticipated seepage.

.

The layout for the system is contained in the Source Material License
Application. The remaining requirements are discussed in detail below.

97; 29i
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2.2 TA_1 LINGS SOLIDQ VOJ.UIC

The project is designed to produce 2,000 tons of uranium tailings
solids per day for 340 days per year for 15 years. This will require
storage of approximately 6SO,000 tons per year and 10.2 million tons
total. The tequired storage volure of the cells is depen @ nt on the
density of the tailinga solids as they are deposited into the cells.
For t his proj ect the dry unit weight of the deposited tailings is estimated
to be approximately 92 pounds per cubic foot. This unit weight is based

on previous studies (D'Appolonia, 1977) and a review of available literature.
It is slightly higher than some reported values, but is considered
appropriate due to the planned beaching method of disposal. Therefore,

the volume of tailings, as deposited, is estimated to be approximately 1
acre-foot per day, 340 acre-feet per year and 5100 acre-feet total.

2.3 TAILINGS WATER VOLDit

The amount of water enteting the cell is designed to be equivalent in
tonnage to the aucunt of eilings entering the cell or 2,000 tons per
day. This is approximate} v 1.47 acre-feet of water per day or 500 acre-
feet of water per year.

Since seepage is not cons Jered, this water must be handled by evaporation
or storage to achieve a ,, ter balance. A certain amount of storage will
occur in the voids of tir tailing as t hc-j are deposited in the cells.
To determinc thic storage alume the following characteristics of the
tallin::s are used:

e Void ratio e = 0.8
poronity, n = 0.44e

Specific gravity G = 2.65.e

Selection of these values is based on the same reasoning as noted above
for selection of the unit weight value.

Utilizing this information and considering that only a portion of the
tailings will be saturated, i.e.,because of the sloping beach deposit
and cell bottoms, the volum.e of water stored in the voids is

i 273 292
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estimated to be approximately 0.40 acre-feet per day. Therefore, there

is a total of 1.07 acre-feet per day or 364 acre-feet per year of water

which must be removed by evaporation to achieve a water balance.

2.4 BELOW CRADE STOPAGE OF TAILINGS

Due to previous pernitting actions the tailings must be disposed of
below grade. Nuclear Regulatory Commission position papers, as well as

? the Draf t Generic Environmental Impact Statement (DGEIS), indicate that
below grade storage of tailings is preferrable. The pos!* ion is based

on not allowing the tailing, to become exposed to the enviranment at
some time in the future due to erosion of the surface.

The topography of this site permits storage below the grade of the
idges which form the nhallow valleys or swa where the tailings cells

are located.

2.5 ENVIRONMENTAL CONSIDERATIONS

The primary environmacal considerations ipclude (a) minimizing areal
disturbance due to the archaeological sirbe and requirements for reclama-
tion, (b) eliminating or ninimizing serpage from the cells to prevent
groundwater contamination, and (c) m.nimizing blowing tailings or fugi-4

tive dust. The layout of the cellt will be auch as to disturb the
fewest possible sites. Further /.iscussion of these criteria is given
below under Construction Consir'.erations. Minimizing cepage will be

handled by lining of the cel!s. The type and integ:lty of the lining is
:1 design consideration. A consideration in the design of the liner is

the pH of the tailinga wnrer which is approximately 1.8 to 2.0 and has a
chemical analysis as d un on Table 2-1. Minimizing fugitive dust is

usually handled by either keeping tailings wet and/or rapidly covering
the tailings after final deposition.

2.6 CONSTRUCTION CONSIDERATIONS

Since reclamation of the area is relatively difficult due to the arid
conditions at the ;ite, and since a significant number of archaeological
sites have been located in the area, all unnecessary disturbance due to

273 293
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construction is to be avoided. Since the tailings storage cells will

result in the major disturbance, a criterion for construction is to
minimize the plan area of the cells. Excavation of mterials within the
cell area to increase volume for tailings storage is necessary to reduce
the total cell area and ruintain the required storage volume.

Blasting is to be avoided, if possible, to prevent possible fracturing
of the underlying rock and increasing the potential for seepage excur-
sions

.7 SAFETY AND SPIU. PRE E TIO:; FEATURES

The iafety of the sys t e: . la primarily related to the integrity of the
dikes. Stability of the dikes is imperative and an important des i;;n
consideratlen.

Spill prevention is achieved by (a) preventing surface runoff inflow to
the cells from upstrr.m drainar areas thereby preventing overtopping or
the dikes and (b) providing catchment areas downstream from each cell to
prevent d owns t re a:n discharge of accidental discharges.

2.8 SURFACE WATER CO:: TROL

Surface water control is ruiuired to prevent precipitation runoff from
entering thc cells or rlooding the facilities area, and to collect
runoff water from the facilities ar2a. Design of the system for the

probable maximum precipitation (P:!P) event is prudent since it is economical
to provide the added protection versus designing for a lesser storm.
The diversion of flow fran the P:-!P event also lessens the proluem of
cell overtopping due to unusually large storms. Sedimentation ponds are
co=nonly designed to retain at least the 10-year 24-hour storm event.
Retention of a larger atorm my be prudent if economically achievable.
The mill and facilities area sedimentation pond will hold runoff from
the 100-year 24-hour storn

2.9 GROUNDWATER MUNIT0"'

Even though a cell lining required, a nonitoring system is re,uiredis

to detect the unlikely leakage event and the effects on underlying
'} C) k
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aquifers. The typ< and extent of the :nonitoring system depends on the
site characteristics and the potential paths of unanticipated leakage
emanating f rora the pond.

,-

273 295
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3.0 SITE DESCRIPTION

3.1 GENERAL

To meet the design requirements discussed in Chapter 2.0, the site
conditions were considered. The site geology governed the depth of
cell excavation and the potential paths of seepage excursion. The
hydrology defines the groundwater system for assessment of potential
detrimental af f ects, if any, and provides the data necessary for design
of surface water control systems. Climatology is important to determine

the potential for evaporation, and provide data for design storm events.
This chap *er discusses the pertinent aspects of these factors as they
relate to tLe tailings system design.

3.2 GEOLOGY

'"he surface soils are mostly silty sands of aeo]ian origin. They are
approximately 5 to 20 feet thick in the project area, will form the

upper part of the tailing cells, and will supply material for dike
construction and reclamation.

The rcck stratigraphy in the project area consists of sedimentary rock
units of Cretaceous and Jurassic age. The Cretaceous age Dakota Sandstone

underlies the site and is the unit that will be excavated for construction
of the tailings cells. It is a yellowish-brown to light gray, massive,
cross-bedded, and fine- to coarse grained quartzose sandstone unit,
30 to 75 feet thick. It outcrops along the east and west sides of the

cesa, but not in the project area as it is covered by a layer of soil.

The early Cretaceous age Burro Canyon Formation underlies the Dakota

Sandstone, but at a sufficient depth so as not to be disturbed by tai.ings
cell construction. It is a sandstone unit 50 to 150 feet thick and is

very similar to the Dakota. Together they form the flat top mesas and

steep sided canyons *. hat are characteristic of the region.

273 296
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The Brushy Basin Member of the Jurassic age Morrison Formation, under-
lies the Burro Canyon Fornation. This unit consists of gray and red-

dish-brown to pink mudstc u: and claystone 1 ers containing a high per-

centage of montmorillonite. It does not outcrop in the project area,

but off-site exposures are being investigated and tested for possible
use as a source of clay ior linings of expansion cells.

The structure in the project area consists of rock units which are

nearly flat-lying with reported dips of less than 1 degree to the
south. There are no reported faults and the area is characterized by
low seismic activity. The major joint sets measured in the Dakota

Sandstone and Burro Canyon Fornation are reported (Dames and Moore,

1978) as ;10-18 E and ';50-85 E with both sets being nearly vertical.
lack of faulting and the low dip will nitigate downward movement of7 e

any seepage, although the major joint < a s may increase the potential
for do.cnward movenent of scepage.

Subourface conditions at the project site have been investigated by
several phases of borings and the results reported elsewhere (Appendix
H, Daws and Moore, 1978, Chen, 1978; and Chen, 1979). The locations of

these borings are shown on Sheet 3. The borings by Chen were soil

borings for investigation of the on-site soils for use as carth lining
in the cells. These borings were made with an auger and extended only
a few feet into rock in most cases. Soil classification tests and

compaction tests were run on many samples. The borings by Dames and
Moore consisted of shallow borings (10 to 15 feet into rock) and several
deep borings into the bedrock. Portions of the deeper borings were

cored and in-situ permeability tests were also conducted in some inter-
vals. Classification tests on the soils were made on numerous samples
and strength tests were run on two samples.

To layout the tailings cells and compute excavation quantities, a
contour =1p on the top of rock was developed and is shown on Sheet 3.

i
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These contours are based on interpretations of the Loring logs from the
investigations mentioned above. Due to the approximate location and

spacing of borings, the actual top of rock may vary from that
shown.

The e::cavation characteristics of the bedrock were estimated based on
seismic ref raction survey work performed at the site (Nielsons, 1978).
Thirteen survey locations, shown on Sheet 3, were tested and velocity
measurements made. Table 3-1 gives the scismic velocity values and
interpreted material excavation characteristics for each location.

Nielsons classified the bedrock as rippable if the scismic velocity was
less than 5,000 feet per second and non-rippable if greater than 6,500
feet per second. The rippability of sandstone, siltstone and claystone
according to the Caterpillar Tractor Company (Caterpillar, 1975), based
on seismic velocity values, is as follows:

* Rippable 0-8,500 feet per second

Marginally rippable 8,500-10,500 feet per second*

* Non-rippable greater than 10,500 feet per second

Baued on this information, approximately 5 to 8 feet of bedrock in the
'i area of the tailings cells may be excavated by ripping.

3.3 liYDROLOGY

3.3.1 Surface Water

As shown on Sheet 2, the tailings cells are located in the upper reatnes
of the major drainage basin on the site. The mill and facilities are

located in a smaller drainage basin cast of the cells. These drainages
are ephemeral, flowing only during periods of heavy precipitation. No
intermittent or perennial Crainages exist on the flat mesa in the project
area.

Runoff from the drainage areas upstream of the cells and facilities will

be diverted into Corral Creek and Westwater drainages located to the

273 298
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east and west of White Mesa respectively, as shown on Sheet 1. These

are intermittent drainages, but have been perennial during wet years.
They are 200 to 300 feet below the elevation of the mesa and do not

have a direct bearing oa the tailings cell design other than to stress
the need for prevention of tailings water scepage.

3.3.2 Croundwater

Even though the tailings cells are designed to prevent seepage into the
groundwater, an understanding of the quantity and direction of groundwater
flow beneath the site is required to assess the consequences of any
accidental seepage and to develop a monitoring program to detect such
excursions.

The site groundwate r model, Figure 2, is from information presented in

, the ER (Dames and Moore, 1978). It consists of an unconfined aquifer

in the Dakota Sandstone with the groundwater table varying about 50
to 100 feet below the ground surface. This model is based only on water

level measurements in the deep borings at the site and it is not definitely
known whether these levels are a single water table or separate perched
water tables. The additional groundwater wells installed as part of the
monitoring prograu (discussed in Chapter 7.0) will provide additional
dat1 to further assess this model.

Pr3vious site investigations yielded the following pertinent information:

e The reported groundwater gradient varies from
0.01 to 0.03 feet per foot.

* The calculated rate of movement through the
formation " aries from 0.0025 to 0.02 feet per
year.

e The direction of movement is to the south-south-
west.

* Recharge of the aquifer is by infiltration of
precipitation falling on the surface of White
Mesa.

273 299
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These data indicate that the movement will be from the upper tailings
cells toward the lower cells as shown on Figure 2. The monitoring

system has been developed to detect the effect of the accidental seepage
which may enter the aquifer and move in this direction.

Water quality testing has indicated that the groundwater is slightly
saline and is high in total dissolved solids. The only present usage
in the site area is for livestock watering.

3.4 P_RfCIPITATION AND EVAPORATION

3.4.1 Evaporation and Precipitation For Water Balance

The water balance is dependent on the site evaporation and precipitation
rates. A significant net evaporation rate is necessary to permit the

operatian of an evaporative water elimination system.

The site receives an average of 11.8 inches of precipitation annually
according to the Nationa.1 Weather Service Station located in Blanding.
About 30 percent of this occurs as snowfall and much of the remaining

70 percent occurs as rainfall from thunderstorms. The mean monthly
precipitation values for the Blanding area are listed in Table
3-2.

Since no evaporation data are available in the slanding area, evaporation
data for the site was obtained from the National Oceanic and Atmospheric
Administration (NOAA) (U.S. Dept. of Commerce, 1977). Using NOAA data
the following values were determined for th. site area:

Mean annual Class A pan evaporation 68 inches.*

* Mean annual lake evaporation 46 inches.

* Mean annual Class A pan coefficient 68 percent.

Mean May-october evaporation 75 percent of annual.*

The gross evaporation rate measured by a standard Class A evaporation
pan installation is not directly applicable to larger Lodies of water

for several reasons includ ng

273 500
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Size and depth difference between the pan ance

lake.

Air temperature and relative humidity.*

Prevailing winds.e

Lake orientation wiri respect to incidente

solar radiation.

The adjustment from pan rate to lake rate is made by applying the pan
coefficient. This coefficient has been determined by comparison of many
evaporation readings by NOAA and values range from 81 to 60 percent
throughout the United States with thc lower values occurring in the
western U.S. The gross lake evaporation rate may be obtained by multi-
plying the pan rate by the pan coefficient or by using the NOAA value as
reported above.

Due to the extreme seasonal variation in evaporation rates at the site,
the annual rate was not considered adequate to determine the requirements
for surcharge storage of tailings water d 2 ring winter months. Table 3-2
gives monthly Class A pan rates f rom Haliburton (1978) and corresponding
lake rates, using a pan coefficient of 68 percent. Although the annual
evaporation rate and May-October percentage as given in Table 3-2 are
slightly different than the NOAA data given above, the values are com-
parable. Therefore, the monthly gross lake (vaporation rates listed in
Table 3-2 and an annual rate of 47.4 inches were used for design and
analysis of the tailings system water balance requirements.

Thi net evaporation rate is equal to the gross evaporation rate less the
precipitation rate and for the site is 35.6 inches per year. Net evapora-

tion is the appropriate value to use for determining water balance
requirenents since precipitation occurring on the tailings cells will
also need to se ceaporated.

The evaporation rate reported in the ER (Dames and Moore, 1978) of 61.5

inches per year from Green River, Utah, is a gross Class A pan rate and

9 ,
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is not appropriate for determining water balance requirements as discussed
above. The rate is comparable, however, to the values from NOAA and

Haliburton (1978).

3.4.2 Storm Precipitation Events

For design of the surface water control system and to design the cells
for handling runoff from flood events, several 24-hour duration stora
events and the probable maximum precipitat'.on (PMP) storm event were
determined. Rainfall amounts for the 10 , 25- and 100-year recurrence

interval, 24-hour duraticn events at the site are (U.S. Dept. of Commerce,
1973).

10-year storm - 2.0 inches rattf all*

* 25-73ar storm - 2.5 inches rainfall

* 100-year storm - 3.0 inches rainfall

PHP values in the western United States are based on either a general-
type storm or more frequently a thunderstorm. In the site area, the PMP

values for the following design storms are (U.S. Dept. of Interior,
1977):

* General-type storm, 6-hour duration--4.0 inches rainfall

General-type storm, 24-hour duration--8.4 inches rainfalle

Thunderstorm, 1-hour duration--7.0 inches rainfall*

To ensure the stability and integrity of the tailings cells under flood

conditions the design fliod required by Regulatory Guide 3.11 (USNRC,
1977b) is the probable maximum flood series (PMFS). This is defined as

the flaod equivalent to approximately 40 percent of the prcbable maximum
flood (PMF) followed in three to five days by the PMF, all of which may
be preceded or followed by the 100 year storm. The PMF is defined as

the flood resulting from the PMP which in this case is the 24-hour

general-type storm. Therefore, the required design flood is equivalent

to about 15 inches of rainfall.

273 500
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The amount of runoff into the cells and precipitation which falls
directly on the cells during the PMFS, must be stored in the tailings
cells or safely routed through a spillway. Due to the toxic nature of

the tailings watcr, storage of the runoff and precipitation is desirable
if it is economical to do so. Storage of the PMFS is designed into this

system.

The surface water diversion ditches are designed to carry the maximum
peak discharge from the PMP thunderstorm since this event produces
higher peak discharges due to its short duration than the more lengt
higher volume discharges of the PMP general-type storm.

The facilities area sedimentation pond is designed to store runoff from
the 100-year recurrence interval storm. This capacity is greater than

required by regulations, but it will allow for sediment build-up and
climinate regular maintenance requirements.

273 303
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4.0 TAILINGS DISPOSAL SYSTEM
DESCRIPTION AND DESIGN

4.1 CENERAL DESCRIPTION

The complete tailings disposal system consists of (a) four cells for
solids tailings disposal and storage (b) one cell for tailings water
evaporation, (c) Jiken as part of cell construction, (d) cell linings
and (c) appurtenant systems including a tailings slurry transport and
dispersal system, tailings water punping system and slimea pool drain
system.

The system will be built in phases. The Initial Phase will consist of
tailings disposal Cell 2 and Evaporation Cell 1-Initial. Future expan~
sion will include three more tailings disposal cells and enlargement of
evaporation Cell 1 to allow for 15 years of disposal operations. The

construction drawings in Appendix A present the detailed design of the
Initial Phase and conceptual design of the expansion phases of the
system. Guideline Specifications in Appendix B cover the Initial Phase
construction procedures.

4.2 CELL DESIGN

.

4.2.1 Tailings Storage Capacity

The available storage volume within the cell construction area is
restricted by (a) the depth of rippable rock, and (b) the elevation of
the ridges forming the valley. The depth of rippable rock is the extent
of nonblasting excavation. The ridges set the maximum hei'ht of storage
by the criterion for final below grade storage of tallings. Further-

the size of any one cell is limited to allow sequential reclanation.more,

With these constraints four cells (Cells 2, 3, 4, and 5) for tailings
disposal were laid out with cell bottoms limited by the depth of rip-
pabie rock and maximum tailings storage elevations limited by the topo-
graph.c ridges as shown on Sheets 4, 5 and 6. The size of each cell is
somewhat arbitrary and a result of the dike location.

^04273 $
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Sheet 15 shows the area-capacity curves for the tailings storage cells.
Two curves for each cell are shown including (a) a curve for available
volume subsequent to dike construction but prior to cell excavation and
(b) a curve for the cell as excavated. For stort.ge of tailings, the

curve for complete excavation is applicable. This curve assumes level

storage, which does not represent the actual case since beaching will
deposit tailings as a slope. Using this curve and the anticipated

volume of 340 acre-feet of tailings per year, the minimum time for
filling any given cell can be determined. The actual design capacity is
determined by adding the volume of storage available above the level
storage capacity, due to the final sloping surface, to the volume fron

the area-capacity curve. The final sloping surface was determined by

establishing the outer edge of the beach at an elevation five feet below

grade and the edge of the beach along the dike at five feet below the

crest. The curve for storage with no cell excavation is used for analysis
of the dike as a safety dike. The storage capacity and other data on
each cell is given in Table 4.1.

4.2.2 Water Balance

4.2.2.1 Evaporation Cell Sizing and Performance

A water balance for this system is designed by sizing the evaporation

cells to remove water at a rate equal to the rate of water inflow less
.

the water stored in the tailings. As discussed in Section 2.3 this

amounts to evaporation requirements of approximately acre-feet of

water per year. Since the net annual evaporation is 35 5 inches per

year or 2.97 acre-feet per acre of water surface, an evaporation area of

123 acres is required for a yearly water balance.

Cell 1 consists of two parts to allow increased storage and evaporative

capacity. The two parts are laid out with flatter bottoms than the

tailings storage cells to increase the surface area versus water depth

relation. This will maximize the amount of evaporation. Both parts are

also laid out with regard to the depth of rippable rock, as discussed

above, and previous permitting action requirements.

273 305
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Cell 1 is designea with a total surface area of 95 acres. This area is
less than the total required area since additional evaporation is
anticipated froa (a) the slimes pool in the tailings storage cell, (b)
the beach area of the tailings storage cell, and (c) the discharge of
pumped water as a spray into the evaporation cells.

The surface area design value is based on "averag." nual conditions

and can vary with either at or dry year. Also, effect of the.e

varying precipitation and evaporation values during the seasons of the
year is not accounted for using annual aluca. The lack oi evaporation

during the winter months will result in a build-up of tailings water
requiring seasonal storage. Surcharge capacity in the evaporation
cells is required.

To assess the performance of the evaporation cell and determine the

required surcharge capacity, the system was modeled under mean monthly
conditions. Sheet 16 shows the results of this modeling as a plat of
pool elevation versus time. The model assumes a June start-up date, a
minimum slices pool area, and no additional evaporation from beach areas
or spray discharge.

The model shows that Cell 1-initial will reach its capacity at Elevation
5615 during the winter of the 2nd year of operation due mainly to the
lack of evaporation during the winter months. At this time tailings
water inflow is switched to Cell 1-Enlargement. The model indicates it
will fill up to its capacity at Elevation 5637 during the winter of the
4th year of operation and begin discharging into Cell 1-Initial. By

this time evaporation will have dropped the level in Cell 1-Initial to

approximately Elevation 5608 which is well belnw its raximum operating
level. With Cell 3-Enlargement at capacity and discharging into Cell 1-
Initial the model indicates that Cell 1-Initial, will reach capacity
during the winter of the 5th year of operation.

~0o
r
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Although the model shows the system capacity is exceeded during the 5th
year of operation, system observations with appropriate operational
modifications, if required, will prevent this occurrence. Such eb-

servations will allow correction of any inaccurate assumptions mad (
in the model. Average conditions and maximum production rates werc
assumed in the analysis. This may be too conservative because the

parameters could vary considerably. Particularly during the start-up
period, the mill will not be operating at capacity so it is likely that
Cell 1-Initial will function through the winter of the 2nd year and
probably not reach capacity until the winter of the 3rd year.

One possible operatioral modification, if observations friicate the

system will exceed its capacity, is the installation of sprayers or
aerators to increase the evaporatior volumes. As shown Sheet 16,

for the option of installing spr-yers in Cell 1-Initial only with an
assumed doubling of the average evaporation rates, Cell 1-Initial
capacity will not be exceeded and a water balance would be achieved.

Another possible modification is the recycling of water from the evapora-
tion cells back to the mill. As shovn on Sheet 16, if 12 acre-feet

per month or approxinately 90 gallons per minute of water was recycled,
the system capacity will not be exceeded.

Considerable surcharge volume is required to store water build-up daring
the winter months. This surcharge requirement can be minimized by the
recycling option because it operates all year whereas sprayers are act
functional during the winter.

These options or modifica* ions are only illustrations of possible m2asures
to reduce or handle the excess water built-up in the evaporation polds
should it become necessary. O. ervations during the first few year; of

operation will determine the need for such systems.

4.2.2.2 Monitoring Program For Water Balance

A monitorinc; program is proposed to measure site specific evaporation
and precipitation rates, and mill production data so an accurate

- ' r. 7
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determination of water balance requirements can be reade. This infor-
p

mation will permit a better basis for designing system expansions or g;.

other options to handle the tailings water. g

;r

>:The program consists of the following components:
.

*'

Class A evaporation pan installation '[
o '

Precipitation gauga installatione
we

b
e As-built area capacity curvei for evapcration *;

cells
,,

Staff gaugese

* Flow meters
,;,

The Class A pan and precipitation gauge will be used to provide an
accurate data base of site specific evaporation and precipitation rates.
The flow meters will measure the volume of water pumped into the cells.
The staff gauges will determine the pool level. As-built area-capacity

curves will be determined by on-site survey of the constructed cells.

With these items an accurata measure of actual cell evaporation volumes
can be made. "ecords of the actual slurry rati; and tailings inflow.

volumes should be kept as standard operating procedure so that deter-
mination of additional evaporation f rom the slimc s pool or other areas
can also be made.

With this program, an accurate determination of the water balance

requirements for the system can be nade. From measurements made during

the initial phase it may be possible to reduce the size of Cell 1-

Enlargement or determine that another cgcion uuch _s sprayers in Cell 1-
Initial are feasible. Frequent reading and raintenance of the equipnent

should be conducted.

4.2.3 Environmental _ Considerations

4.2.3.1 General _

Environmental considerations for cell designs .ce as follows:

'i ,I _
~ n ')
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e Prevent seepage to the underlying aquifers,

e blinimize disturbance to archaeological sites in
the area.

e Provide interim stabilization to avoid blowing
tailings. -

Provide a final reclamation cover to prevent ''e

radon enanation and/or future exposure of '

the tailings.

The prevention of seepage will be accomplished by liner installation as
discussed la Section 4.4. The other environmental considerations are
discussed below.

4.2.3.2 Archt.cological Disturbance

The archaeological sites, shown on Sheet 2, have been identified by .; tate
arcaaeological .;urveys conducted in the pt, ject area. ?!os t of these

sites have been avoided by adjusting cell timits, but some as noted on

Sheet 2 are being excavated and investigateu prior to project construc-
tion. Also, as noted on Sheet 2, sor_e of the future tailings cells may
be modified due to locations of some a haeological sites.

..

_

4.2.3.3 Interim Stalilization

An interim ctabilization program is required to prevent or minimize
'

dist :rbance of the deposited tailings prior to reclamation. The main

concern is blowing of tue tailings by winds. - -

.

Since the tailings will be deposited in a natural swale or valley and

they will be a ninimum of i feet below the surrounding ground surface, s ;

thef will be relatively isolated from the winds. Also, the beaching dp

method of disposal will concentrate the co;rser size particles on the {i
exposed areas and these sized particlas n ll not be as susceptible to

.-]

erosion by winds.

.

-, r p
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ihe slimes pool area will be covered with water until cach cell is

abandoned and allowed to dry. During this drying phase, finer grain

particles will be subject to possible erosion or dusting by winds.

Interim stabilization of beach and s! w pool areas will be implemented

as required depending on operating ionditions. Alternate methods proposed
include:

* Sprinklers to maintain a moist surface

* Chemical soil binders

i * Covering with coarse material
l
1

The method to be used will be determined later depending on actual
conditions.

4.2.3.4 Final Reclamation

Each cell containing tailings is required to be covered to reduce emanation
of radon gas and to prohibit erosion of the tailings. These requirements
are met by a reclamation cover of *.he following materials, listed in
order con the top down:

Topsoil - 1 foot thick*

* Rock - 6 feet thick (with rolled or choked surface)

* Soil - 4 feet thick

Clay - 2 feet thick*

The clay portion of this cover alone will reduce radon gas emanation to
below twice the backgrounc' level (Ford, Bacon and Davis, 1979). The

renaining 11 feet of rover will essentially eliminate the potential for
exposing t!.e deposited tailings by surface orcrion. The surface erosion

rate is minimal because of (a) the low precipitation values, (b) the

location of the cells out of any large up-gradient drainage area, and
(c) the erosion resistance of the rock caver.

273 3.0
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The thickness of the rock and soil cover material is based on the availability
of material from the excavation and the minimum requirement of 10 feet (3
m ters) of cover over the tailinga (USiac, 1979). The reclamation cover
volume', for each cell are shown on the table en Sheet 16 and the totals
for each material su marized below:

* Topsoil 0.6 x 10 cubic yards

* Rock 2.9 x 10 cubic yards

* Soil 2.3 x 10 cubic yards

6
* Clay 1.0 x 10 cubic yards

The clay will be obtained from an off-site borrow area. The other

materials will be obtained from the cell excavations with the exception
of 343 x 10 cubic yards of soil that will be obtained from on-site

borrow areas shown on Eheet 2.

During placement of the rock, additional effor nay be required to

breakdown rock on t'au top surface to obtain a suitable surface for
placing topsoil to support revegetation. It may be necessary to adjust

the cover sequence if suitable breakdown of the rock cannot be achieved.

This adjustment would involve placing 2 feet of rail above the clay
followed by 6 feet of rock, 2 feet of soil, and then the topsoil. The
necessary adjustments will be made in the field lepending on actual
conditions.

4.2.4 Construction Considerations

4.2.4.1 Earthwork

To minimize the area disturbed by cell construction, the required storage
volume was obtained by proposing excavation into rippable rock and bc!1 ding
small dikes. Excavation cell botton contours conform in general to the

top of rock contours, shown on Sheet 3, thereby maintaining a constant

thickness of excavated rock and avoiding blasting. Excavation slopes

27; S<il
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tthin the cells are established on 311:1V (horizontal: vertical) to
:aint in case of construction and provide an acceptable slope for lining,
installation. Topsoil fron disturbed areas will be removed and stockpiled
for use during reclamation.

The excavation quantities (soil and rock) for each cell were determined

by calculation of the volume behind th cell dike between the existing
arouna surface contours, the top of rock contours, and the excavation

cell botton contours. The excavation volumes for topsoil were based on

a thickness of one foot over the disturbed areas. The in situ volumes

tron each cell are shown on Sheet 16 and the total for each aaterial
su:marized Selow:

* Topsoil - 0.6 x 10 cubic yards

* Soil - 3.0 10 cubic yards

* Rock - 2.7 x 10 cubic yards

The topsoil volume is adequate to meet cover requirements at forth in
6Section 4.2.3.4. The excavated soils volume (3.0 10 cubiu yards) will be

utilized as cover (2.3 10 cubic yards) and other earthwork construc-

tion (700,000 cubic yards). Since approximately 950,000 cubic yards
are required for dike construction and additional fill is required
for liner cover, horrowinc from other areas will be required as discussed
in Sections 4.2.3.4 and 4.2.4.4. Rock will swell approximately 15 percent from in
;itu values to placement as cover. Approximately 3.1 x 10 cubic yards

will therefore, be available for cover, leaving an excess of 0.2 x 10

cubic :<.rds for disposal.

4.2.4.2 Schedule and "aterials Handling

Sheet 16 shows the construction, operation, and teclamation Febe.ule for

the tailings disposal s; > tem. It is based on '' ? tailings capacity of

the cells, estimated construction lead times, and reclamation requirements.
The schedule shows the reclanation of each cell is planned to coincide

with construction of the next cell. This sequencing will reduce rehandlic.g

of the excavated materials.

s .*,.s
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;he rapid teclamation of the beached tallings and the slices pool area
'; i l l be enhanced by the continuous removal of tailings water during the
cell operation and by numping from the drain system in the slimes pool
area as discussed in Section 4.5.4. The slimes pool area is estimated

to require at leaat 1 year (one sur er evaporation ueason) for drying
prior to placement of the reclamation cover. Material from the excavationn

desiputed for reclaiming tLa slime: rool area may be piled on the rest
of the cell and pushed out over the aimes pool as it dries. This will

eliminate stock pilin,; of this cover naterial and subsequent re h a n d l i n,, .

Cla, will be brou j;ht f ro;a the off-site borrow areas and placed on the
ec11 prior to the construction of the next cell so materials excavated

frun that cell ;ay be placed directly as reclamation cover.

The . .a t e r i a ls handling table, shown on Sheet 16, shows in detail the'

earthwork operations for thu 21x planned construction phases and the
final reclamation phone. For each phase, the volumes are shown for each

miterial type that is excavated, required for construction, and requir( d
for reclamation. Aluo shown, is the sequence or handling schedule

illustratias, the amount of each materi.al going to (a) car.'truction or

reclamation from excavation, (b) the stockpiles from excavation, (c) re-

clamation from the stockpiles, (d) reclamation from the borrow areas,

and b) cumulative ;tockpile and borrow volumes. The handling schedule

is basea on the v ite: schedule and cell quantities table, both shown

on Sheet 16 and the cell layouts shown on Sheets 4, 5 and 6. Adjustment:

or ch.n.ges in the future , stem layouts or schedule will alter this<
,

';eq ue nC e .

4.2.4.3 Stockpiles

Exces. excavated materials mostly f:on the Initial Construction Phace

will be .,t ock p il ed in the areas shoen on Sheet 2. The ,tockpilr> are

designed with a uniform height of 25 feet and 3H: 1V side slopes Al-

though the piles could be eunstructed considerablj higher to reduce

surface area disturbance they vould not blend eas tly with the surrounding

topography. The ;ide s l o p e r, eere also selected to blend in with the -) , -- , , ,
-

c / *.surrounding topography and to provide stable slopes. J

IlD NPIPGIA DN1LA-.



.-11

1he .tuckpiles for various materials are sized anu located based on the

schedule and naterials handling sequence discussed above, to minimize
haul distanceu during the Initial Construction Phase, to optimize later

| rehandling for use as reclamation cover, and to avoid archaeological
; i t. e s . In addition, the topsoil stockpilen have been sized to hold

topsoil which is stripped from the areas of the rock and soil stockpiles.
.

Table 4-2 gives details for each stockpile including its desir,n capacity,
.ize, surface area, .;aterial source, and material dectination.

.

Calcareous soils or other special soils as described in the Guidelint

':recification, Appendix B, will be selectively stockpiled within the

soil stockpile areas shown on Sheet 2. The stockpiles will be treated
-

hy culching,, seeding or other neans as appropriate, depending on condition; .

.. to reduce wind erosion.

A typical stockpile section is sho'.,rn on Sheet 11 illustrating the construction
of a small berm around each stockpile to control the runoff and erosion

'

of naterial by rainfall.
.

.

4.d.4.4 Borrow Areas

Two on-site soil borrow areas are shown on Sheet 2. '!ateria) from these

areas is requireu for soil re..lamation cover. The southern area will

provide soil for reclamation cover en Cell 5 and the northern area for

Cell 1-1:nla r gene n t . The areas ;re selected to mininize haul distances,

and sized based on an assumed available soil thickness of 5 feet. Avail-

able subsurface informatiot indicates the soils nay be thicker. Therefore,

the actual borrow .irea:, be ;o l l e r ..

Topsoil, approximately 1 foot deep, will be stripped from each borrow

area and stockpi. led for replacenent when the borrow operation is completed.

This wil' provide a base for seeding and revegetation of the area.

Depending on the actual excavation and reclamation volumes, exces> rock

that may be available cou1d be used to refill some of the borrow areas.

,
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+.2.a S a f e t ', Features of Cells

4.2.5.1 General

The safety foatures of the cells and sell system include: (a) the
ability of the cells to store the required design storm without over-
topping the dikes and (b) the ability of the system to retain (behind
the safety dike) the outflow from a breached cell without causing down-
itrean discharge. l'revention of discharge during these conditions can
also be viewed us an envirotrantal consideration.i

4.2.5.2 Desijn Flood Petention

The design fic,od a s the probable maximum flood series as discussed in

Sectiur. 3.4.2 and is equivalent to approximately 15 inches of rainfall.
Since the cells are located and desinned to eliminate practically all
surface runorf lato the cells, the oaly flood storage volume required is
from direct precipitation on the cells Assuming this mrount of rainfall

occurs aal the cell pools are at their maximum operating levels, the
cells will store the total runoff amount and still 1 cave a minimum 3
feet freeboard on all dikes as shown by the area-capacity curves on
Sheet 15. This aininut freeboard meets the design recommendations of
the Bureau of Reclammelon ( t! . S . Dept. of Interior, 1977).

4.2.5.3 Safety Dike An a ly.; i s

for any given phase of development, the system is designed to store the
volume of water from the active cell behind the safety dike. Each

;afety dike is actually just the dike for tne next cell.

The safety dike analysis is based on the assumption dat the active
tailings cell is at its maximum tailings storage capacity s'.;own on Table
4-1. From the area-capacity curves with no excavation on Sheet 15,
there is erough ;torage capacity behind the safety dike for each cell to
retain a minimum cf 39 percent of the upstream active tallings cell
maximum capacity. Since the actual vslume of tailings that will be

on., cable and likely to flow is small, due to the beaching method of
disposal, this available ;torage percenta;;e is considered adequate.

"7'/; a
.
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Also, under actual operations the next cell will be excavated behind

i t:, associated safety dike when the active upstream cell is at capacity.
'i h i s will provide story,e for all of the upatream cell volume. Since

no ta'linns will flow downstream, the system is considered more than

adequate for spill prevention.

3
Analysis of successive cell (or dike) failure was also made. The potential

] for successive dike failure realistically only exists during the initial
phase prior to reclamation of Cell 2. Oace Cell 2 is reclaimed the

system ccusista of two areas separated by a very wide fill. Analysis

prior to Cell 2 reclamation indicates that under maximum flood storare
condicions and successive dike failure of Cell 1-Enlargement, Cell 1-

I initial, and Cell 2, the ;afety dike (Cell 3 dike, with no excavation)

will not be overtopped. This analysis assumes that only material stored

in the other cells above the crest elevation of the safety dike (El.
5610) is additional uaterial requiring storage behind the safety dike.
Due to the slopin;; cell bot tens and the location and height of the
dikes, the safety dike will retain material in ali of Cell 2 and part of
Cell 1-initial below Elevation 5610. This is illustrated by Section E-E

on Sheet 8. Fro:n the area-capacity curves on Sheet 15 the storage
volume above 1:levation 5610 in Cell 1-Enlargement, Cell 1-Initial, and
Cell is approxin..:tely WO acre-teet which is less tha- the maximum 800

acre-feet of ; t o ra r,e available behind the rafety dike.

Analysis of successive cell (or dike) failure after Cell 2 is reclaimed

inialves only the two p ir t:, of Cell 1. If Cell 1-Enlargement dike f ail:

th< re in at adequate < t o ra,;e ulume in Cell 1-Initial to retain

the saterial from Cell 1-Enlarm nent, with the dike crest at Clevation 5620.

The nain dike dividing Cell 1-Initial and Cell 2 would act te overtopped
because the 13 feet of reclamation cover would increase the dike height
effectively to Elevation 5633. Therefore, the water from Cell 1-Enlargement

would overtop the mall dike on the east side of Cell 1-Initial, flooding

the facilities area, and possibly spill over the edge of the cell on the

273 316
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west side and flow into Westwater Creek. To prevent this occurrence the,

1

dike around the east and west sides of Cell 1-Initial will be increased
when Cell 2 reclamation cover is placed. The exact elevation of the
increased dike will bc based on the determination of the as-built cell
storage volumes. The design of the increase in Cell 1-Initial Dike is

not considered a part of this phase of the project.

1 4.3 DIKE DESIGN

4.3.1 General

There are seven dikes ranging in height from 20 to 35 feet maximum and

totaling about 95G,000 cubic yards of fill for the couplete tailings

disposal system. Data concerning the tailings cell dikes is given on

Table 4-1. Three of the dikes (cell 2, 3 and 4) are only divider diket

through the tailings disposal area so s ta gt.d , sequential construction,
operation and reclamation can be achieved. The design life for these

divider dikes is quite short (4-5 yr.). When tailings are dispcsed on

the downstream side of the dike, in the next cell, the dike is completely
surrounded by tailings and ceases to function as a dike. Dikes for Cell

1-Initial and Cell 1-Enlargement will retain tailings water throughout
the total project life and slig;htly beyond until evaporation is complete.
Cell 5 Dike is the final cell dike and its downstream slope will form
the final reclai::.ed surf ace. Therefore, it will theoretically function

as a dike forever. For this reason, it is derigned with an crosion

resistant rockfill downstream section at a lower angle, 611:1V, slope.
The one remaining dike is the Cell 5 Safety Dike. It is only a safety

dike and should not retain any water. It will be functional only during

Cell 5 operation and reclamation, and will be completely removad when no
longer required.

4.3.2 Geotechnical Analysis and Design

Geotechnical considerations for all the dikes include settlement assessment,

seepage evaluation and slope stability assessments. Settlement of the

dike fill or the foundation soil is not considered to be a proble i

7 3 M., 7
_,

general, due to the low height of *ae dikes, the thin layer of in sit
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soll and the freeboard available under normal and mininum conditions.
Also, seepage in general, is not considered to be a problem due to the
inclusion of a lining inside the cells and the low permeability of the
f!11 materials. The lining, either synthetic or clay, will allow little
if any water to ever come in contact with the dike fill. Also, the life

of any of the cells is short enough so only partial saturation, assuring
lining failure, could occur prior to cell filling and abandonment.
Therefore, settlement and scepage are not considered major design factors
for this system and are not discussed further.

Stability of the dike fills is determined, in general, by using experience
and engineering judgment to select a stable desi n scetion. All the

dikes are therefore designed for:

* 20 focu wide crests

311:lV upstream and downstream slopes*

e llomogeneous fill sections

Controlled, compacted fill material*

Esing these constraints, the dikes are conceptually laid out and are
considered stable. Formal stability analyses are, however, made for the

dikes to be constructed in the Initial Phase, as discussed below.

Formal stability analyses of the other dikes will be made during detailed
design of each expansion phase.

Initial Phase dike stability analyses is based on geotec.nical data on
the soil materials, in the area of the Initial Phase construction, as

shown on Sheet 12. This includes grain size curves, compaction test

curves, plasticity indices, and strength test results. The dike fill

and in situ soil material properties used in the design are based on the

test data shown on Sheet 12 and the in situ claystone and sandstone
material properties a estimated and based on pr(eious design anclyses

(Appendix li, Dames and Moore, 1978).

27' ** ? Ci
i. >

IlD%FPOIUDNIIA



4-16

Stability analysis of the dikes was made with a Quality Assurance
verified computer program, it utilizes the dodifie l Bishop nathod of

slices stability analysis and a pseudostatic carthquake analysis. Three
design sentions are shown on Sheet 12, two for Cell 1-Initial Llke, one
with sandstone bedrock and one with a claystone layer overlying the
sandstone; and one section with sandstone bedrock was analyzed for Cell
2 Dike. Determination of the design sections were based on a review of

the boring logs. ;o stability analysis was made for the safety dike
(Cell 3 Dike) since Cell 3 excavation and tailings impoundment will not
occur until the next phase.

Dt~e stability was analyzed for two cases on each design section. Case

1 corresponds to the r.aximum pool under flood conditions with steady
seepage as re luired in ';RC Regulatory Guide 3.11. Far this project,

this case includes the additional assumptions that the cell lining is
completely failed and that sufficient time is available for complete
fill saturation. These assumptions are very conservative and almost

unrealistic. The minimum factor of saf ety for this case, shown n Sheet
12, is 1.65 which is greater than the 1.5 value required by Guide 3.11.
Under a 0.10g earthquake loading (a conservative value) the minimum

factor of safety is 1.07, again greater than the minimum required. Case

2 assumes end of construction conditions with no water in th' cells or
piezor etric surf ace in the fill. Ilinimun factor of safety for thia case
is 1.71 and 1.08 for no earthauake and with earthquake loading, respectively.
Again these values are greater than minimum requirements by Gu Ge 3.11.
Therefore, these dikes are shown to be stable even under very conservative
aESumptions.

4.3.3 Freebcard jualysis
Far the tailings storam cells a minimum operating f reeboard of 5 feet

is necessary since the tailings are required to be stored at least 5

fett lower than the existing grade along the cell edges. Therefore, the

maximaa operational pool level is 5 feet below the dike crest in Cells

2-5. This is considered adequate based on the actual cell operation
method and exceeds the design recomendations of the Bureau of Reclamation

(U.S. Dept. of Interior, 1977). 2 5 319
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The minimum freeboard available under design flood conditions, assuming
the cell is at its maximum operating level, is at least 3 feet as shown

on the area-capacity curves on Sheet 15 and previously discussed in
Section 4.2.5.2.

For Cell 1-Enlargement the maxinem operating and minimum freeboard is 3
feet. Since this level is controlled by an ungated overflow spillway it
is acceptable although it is less than the USBR recommended maximum

operating value.

The minimum flood condition freeboard on Cell 1-Initial Dike is 3 feet.
Th naximum operating level is Elevation 5615 with Cell 1-Enlargement
belcw its overflow level or Elevation 5614 with Cell 1-Enlargement at
its overflow capacity. This dual requirement is necessary because of

i the uncontrolled overflow spillway in Cell 1-Enlargement and the result
that all the flood volume from both cells must be stored safely behind
Cell 1-Initial Dike.i

In addition to the freeboard allowances discussed above, an emergency
spillway is provided on each dike (except Cell 1-Enlarger.ent) to prevent
overtopping of the dJke from accidental over-filling. A typical section
through a spillway is shown on Sheet 11. It is simply a low section,

1.5 feet below the dike crest and 100 feet long located in natural

material to allow flow out of the cell without breaching the dike.

4.3.4 Construction Considerations

h
, Design detafis for Cell 1-Initial, Cell 2, and Cell ^ Dikes are shown

on Sheets 10 and 11. Materials for construction will be obtained from
the cell e.:cavations. The dikes will be constructed by placing approved
materials in layers cr specified thickness ano compacting then to a

minimum specified density. The details of the fil; specifications and

other earthwork specifications are contained in the Guideline Specification
for Initial Phase Construction in Appendix B.

A
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4.4 LINING DESIGN

4.4.1 General

Seepage f ro.a the tallings cells is required to be very low, essentially
zero, to prohibit contamination of the surrounding environm2nt. To I

achieve this zero seepage requirement tallings cells are commonly lined
with either a compacted earth (clay) lining or a synthetic membrane
lining. Both types have advantages and disadvantages. Clay is usually

less expensive if a suitable material supply is available. The synthetic
lining has one najor disadvantage; if it gets punctured or tears the
lining can allow a significant amount of leakage with minimal chance of
repair. A clay lining, on the other hand, may allow some seepage by
flow through it, but it is very unlikely that a properly designed and
constructed clay lining would ever completely deteriorate. Furthermore,

clay can heal even if a crack does occur.

Due to previous permitting actions, the Initial Phase of the tailings -

Esystem will be constructed with a synthetic lining. A borrow area for
7--

suitable clay linin, ma;erial is currently being investigated however,
and the conceptual expanulon of tho tallings system is planned with a i

_

clay lining. The detailed design of the clay lining is, therefore, not
discussed herein.

-

=_
_

4.4.2 Synthetic Linin 2
-

Ther< are several types of synthetic linings. Three of the more common -

types are liypalon, Polyvinyl Chloride (PVC), and Chlorinated Polyethylene
(CPE). These three types have different properties and different, but -

_

;-
overlapping applicctions. 'lajor features of these three types are'.

_

_

* Hypalon - resistant to direct sun exposure; roy be
reinforced with f abric materi:11; resistant to most
chemicals, expensive.

7

1

* PVC - non-resistant to direct sunlight, must be
covered; excellent chemical resistance, better than
Hypalon with regard to kerosene and fuel oil; long

_[[} }}history of succes s less expensive. L
.

5

5
.-

_

,
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* CPE - resistant to direct sunlight; excellent
chemical r esistance; may be reinforced with fabric
material; slightly less expensive than liypalon.

For any synthetic lining the main causes of failure are (a) improper
installation, (b) improper maintenance, (c) attack by non-design chemicals,
and (d) vandalism. The lining must be installed with strict adherence
to quality installation procedures and preferrably under the guidance of

technical representative. Many linings fail due to attack by a chemicala

that either was not supposed to be discharged into the pond or was
overlooked in the design process. Maintenance of the cover or oth2r
lining features must he condun od to ensure satisfactory lining perfor-
cance. Vandalism is an itc a that is difficult to prealet and defend
anc. ins t ; however, it is o' ten the cause of lining tail -

Based on the above discussions a PVC synthetic lining was selected as
providing the best overall cell lining system. Th2 main reasons for
this selection are:

PVC has the longest history of successful in-o

stallations. It is relatively easier to handle
and install correctly.

PVC is less expensive than the other linings.*

A covered lining is considered the best installatione

with regard to protection during the cell operations
from the equipment and also from vandalism.

e PVC is more resistant to karosene which is present
in minor concentrations in the tailings water.
Also, the covered lining will partially protect
against direct contact with the tailings water.

* The relatively small pond depths and the 311:1V
design slopes do not require the use of a
reinforced lining.

") }22
4.4.3 Initial Phase Lininn Ik nirn

A 30 mil (0.030 in), nomi W thickness PVC synthetic lining is specified
for use in the Initial Pi "onstruction. Installation details are

shown on '~ _c 10. Detailed specifications covering preparation,

IWMPIIMDIfADNILt
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In:tallation, aiutenance, and quality am;urance of the l in inr, a r t
included in the s.uideline Specifications in Appendix H. ?!ajo r poin t., of
the lining ,ystem are

A prep ir. d beddinc layer, 6 inches thick, for lininye

subgrade in all area < where lining is placed on
an excavltion surlace For fill surface
installation,, the wurface will be inspected
to <usure that it is acceptable.

* The lining is covered by 12 inches of soil on the
bottor ot the cells and 18 inches of soil on all
, lope

* Bedd in e and er n r : t e r ia l : are soll materials
f ro:: the excavations lhey contain no sharp or
oversized t ateria1.

* The Ifnia, ia anchored ir a tre: i which is
i>xi L i l 11 J wi th co:npae L( a so il . :t is located
6 0- the de:, inn iloud <torage lecel..

In.tallat ha will be overseen by a lining repie-*

st'nt.1tiVt'.

Lontrol of cover crouion,*
as required, by adding

' oil bindei or other suitable means.

4.5 A.p pC I: 1.; ,' AS.T. .S Y h i n : i.! X. I.C.E. S. . .
~

4.5.1 T.a.l l .i n " , S l.u r.r '.> . .S s . ; t.e nu..
..

The talling ilurry ,<, tem consists of a transport pipeline, distribution
piping around the cell, 'alves, down lines to the tailings beach 4arface,
and flexible moveable discharge pipes within the c e l .1 Typical details

of these feature: are shown on Sheets 13 and 14. This system will

scharge tailing,, . lurry at approa.-i:ma t ely 500 gallon ; per minute, 273 323
. t

The pipeline 15 designed a:: double pipe system to contain and controlu

flow t'ron nousible pipe breaka lhe inside pipe will normally handle
the tailing, slurry and will operate under slight pressure to cor/cy the
;1urry at relatively high velocitie so the larger particles in the

slurry will not ;ettle out. 'l h e outer pipe will collect any leakage fron
the inner nipe and conee' it to the t a i l i n e, , cell. The outer pipe I:

IlDMIPPIDIfADNILS
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fitted with Im.ections and down pipes to convey all ilow down ; uni out of
the piping system uithout causlu. uosion of the cell lining covct. The

pipes will be a:id and corrosion re ;istant to provide safe operatfon and
c.aximum ';y s t e:r life. ';ince they sill be placed on the surface, allowance-

will be neces ary f o r mov. ::ent due to thermal expansion of the pipe,.
The supports for the pipe, aili not he rigidly at tached to allow for
this c.oveme n t ; nor will the supports penetrate the surface to avoid
danane to the synthetic 11nine

The vals es will be used to shut off flow while chany,es are made in the
d ispoaal pipin,; ::e.ide the cell. The valves are not enclosed in t'e
iafety pipes :o that they can be repaired and maintained as nece: ;ary.
The valves will be .ade of acid and corrosion resistant ma t e r i a l :, .

The down line:. located around the cell perimeter extenl fro:, the silve
down the .;1 o pe tu the cell bottonu l he:.e line, allow the discharte

lines within the cell to be :ioved around t he dispo:,a1 of tailing: in all
part s cf the ecl1.

4.5.2 T_a.l.l i.n e . . W s.s - . .a t e.r- .'. s.t e.
--

Tallinge water that fore :l ir . pool will be pu:nped t o the ecapora-,

tion cell for :t o rre . u ni .po ra t ion . h t r.um po r t .ys t e; i nvo :' e a.

floa ting :.a rge with a ' np rep ind a pi;<l ine Det a il s of t he o

features are 'hown on %ects 9 ani. 14.,

The floating barge is :, he wn whe utically on Sheet 9. It consists of

the barne, punp, and akinmina mmp. The h a r y,e and walkway wilI he

constructed out of acid resistant . .a t e r ia l :. . The pump will also be acid
resistant and will be cagble of pumping about 200-300 gallons / minute.
The ;ki:: :ing bucket , located beneath the barge, is designed so only
water flowing over the top ( ' r, e or lip of the bucket may be pu :: ped .
This will reduce the a n.o u n t of su:. pen led solids punped to t hi evapora-
tion cell.

3M
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'l h e pipeline
, .t em is s im il a r to that described in Section 4.i.1 for,

the tailings alurry pipeline. The pipeline is a double pipe svitem to

contain and control spills due to pipe f ailure. Down pipe > will be

lastalled at regular intervals to control water escaping from a broken
pipe. The pipes wil' be acid and corrosion resistant to prevent dam re
from the water and suspended solids The inside pipe will also be hinh

pressure pipe to permit spray discharge into the evaporation ; ell.

4.5.3 _P i n e_l_i_n_eT_r e_n c h_e_a.m

Trenches to c.trry the pipelines icron> dikes will be constructed as

choun on Sheet l '+ . A typica? trench will be about 2 feet wile and 1.5

feet deep. 'I b e depth dimension is required to avoid compli_ations with
the synthetic lining which is typically located 1.5 feet below th din
crest. With this desis;n the trench 'elll be constructed on top of the
synthetic lining and vill not affect the lining installation. irenches

will be cove: red lith a grating de:<igned to support heavy truck loadin o.

4.5.4 S11mes Pool Drain Sute:
A alites pool drain s,, ;te will provide bottom drainage for water .- i

in the slices. This system consists of slotted, plastic PVC pipes
installed on a grid na t tern <>ve r the lowest part of the cell, as shown
on Sheet 4. Typical details of the sy s ter: are nuewn on Sheet 9. This

drain qstem will reduce the time required for drying and stabilization
of the slimes area by providin, drainage at the bottom of the deposit.
The reduced time will permit reclamation sooner due to more rapid densification
of the slices.

:,
The drainage will be collected in a sump installed in the rockfill
access ramp. A float-switch pump e i.11 re~. ave the water from the sump

,

area. The water may be discharged back into the alines pool where it
will be pumped to the evaporation cell or it may be discharged to tl -

; next active tailings cell if that cell is in operation.

As a contingency safct-j neasure, the sump is also fitted with a high level
overflow pipe. This will allow flow from the slimes pool to enter the

IlDRIPIPJfDIfAK%IIIA
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sump uncontrolled and actu.it.- the ;> u:a p it the poo l r i:,er, to tlw pire
invert level. Under nornal opera tin;' condit ions the pool will not co ich
the overflow level.

{

273 326
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5.0 OPERATIONAL PROCEDURES

5.I G C_i E.IM L .p H O.C.E D.U.R E S
- .- -

Tailinga will be deposited in the t a i l i n g,s cells by t he r-thod known as
beaching. In this method the tailiny are discharged onto already
deposited tailing, and not. into standine water. The coarser tailings

particles will form the beached deposits and the .Iner tallings particles
and the ' eater from the slurry trill form a pool, co;.monly called a
;11mt pool. The 1/ vel and area of the ; lines pool will be controlled,

heaching of the coarser particle., is always possible lhis method
so

produce, a compict, dense coarse tailine deposit tha- stable and can

he readily reclaimed.

The actual disposal operation r':.y he ..chieved by several method'. The

coarser tailing, particles can be dropped fron a pipelir. the st arrym

f l ow:, through the pipe, 'I b e majority of the water in the slurry and the
finer 41 zed particle., will be carried to the end of the pi e and dischargedl

adjacent to or into the ;l ine , pool. .ino t he r po: s i b] e method it to

d i:, charge the slurry onto the previously beached t a i l i ng:, . As the flow

hits and .,preads out, the coarser particle: vill be deposited and the
finer particles carried on with the ater into the ; limes pool.

The ;lin pool will be forced against the d.xe in the entral part of<

the cell due to the ;1 o p i n e, c e .1 1 ho t t on- 'I b e finer tailing particles

carried into the s l i n.a. pool will settle out and form a soft deposit on
the bottom of the cell. Thi:. deposit will build up as t allinp disposal
continue, in the cell. Durint, ope ra t ions , the water level in the slic.s

pool will be .aintained abo;e the de posit.ed ;11me , particles, t< prevent

ther. from drying ou_ .md b l o,e in e c|h e n taliings disposal is switched to

the next cell, L 'a t sli.nes will be dried out and reclained.

)
5.2 1 :; I T.I.A.I. pl_L.\.S E

. - - ...

Disposal operations for the initial phase of the systen are shown on
Sheet 13. Tailings disposal will begin in Cell 2 and evaporation of
.;ater in Cell 1-Initial. The systm will operate in genera; as described

in the previous section.
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Ta l l i n.;s uischaryt will be initiated on the rockfill ;ud .c :h.ncn on,

Sheet 11. ihe pad is nec, .a r; to crevent t hi in;tial . l u r r- d i .c h.i r pe
fron actiny direct 1) on the cel1 1inin. cover <ind causin; severe erosion
.ra l po n ,i b i t imac w the linin, ihe rockiill p.nl will ah o rb t he

impact o: the ;1orr d isch irce . uni allow a build-up of c o. i r : . p.ir t ic l e
in .nni ar>und the ud. 'lin ne ci u r z er particle. Nill drop out of the
,lurr, n. it la dis h ir; . d on t o the pad and t hs i nt< r containine finer
:ined p.rticle.., or ;lin< wil1 tlov on 'hrou7h tbe rockfi11 . i n d . hwi n,,

the 4topinc cell botto, to l o r: the ;l i: c: pool.

A:; the coarser part icit J~op out :md cove r t h. rockfil1, a beach deposit
will ur for: =d. /m de.4c r i bed in t h. previou- section, the dischar;e

4

vill b. .uintained on the heiched t.iiline,, howe'er it will he 4hiited
around to e:.pand the beach Jepo ;i t and produ"e uniforn t.ii l inc aisposal.

I n i t i.i] ]) t h. hcach eill be d veloped around the ;l ir . neol area, ;hown

en Sheet 11, to aid in cont rol l in. ." t ' extent .ind location. Ll.e re.if t e r ,

the dis ch tr:;e will be nov t d a ruur <' the cell and tailiny deposited and
built-up .ipp roxi aitel uniforal) throughout thi cell. It i:1po r t a n ti,

that the d i s c h:i rn an:1 heachin- he controlled .uri aperati i such thit t hi
<; l ine, c.in 110., unrestricted to the ; l i :r e , pool re wcondar, ;liue

deposit: a r. not scatter ( d throunhout t h .. cell. I b i- ould proJuee soft

; po t . tiut could cause d i f f i c u l t :. du r i n.- rcelanation.

rai1ii , water will be d r.iwn ou t of the ;l im , pool, a. neces miry or

de;iriJ, and p u n p 1' to Cel l 1-l ai t i il tot 1.o l d i ny .ind esaporation. The

init ial d is char .;e into this celi ust he carefully controlled to prevent
lininc d a r.a p,e or cover crosion. ihe initial l i sciu rp e , ;hown on Sheet
13, is loc ited in the lowest arca of the cell .o at er huild-up wil l

r.ipidly cover the area ind m i n i:::i ; . ans cover crosion. Di sc ha r;;c 'e i l l
he by , pray directed initially onto t h, toe of t ht rockfill ramp so

erosion of the cover aill be avoided. An th< pool bu ild:, up the , pray
will be direeted up and out into the pool. The , pray lischarge location

on the rockfill ramp will be rove.ib ! c so direct di: charce into the pool
and not onto the cell ;id< -; 1 o p e , c.in he r.a i n t . i . ne d re ga rd l e:, , of the
poo 1 elev.it ion

2~!.
. .,

)
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The discharge point may be shifted to the west, shown on Sheet 13, after
the pool builds up to cover that area. This nay be necessary if prevailing
winds at the site carry any of the spray over to the mill area.

5.3 SYST121 EXPASS 10:.

As tallings continue to be discharged into Cell 2, the water pumped to
Cell 1-initial will fill that cell to its capacity of 325 acre-feet.
This wi' occur because the surface area required for a water balance of
123 acres, .:s discussed in bee t ion 4. 2. 2, is :uch greater th::. the 53

acres of Cell 1-Initial. Therefore, the evaporation volume of Cell 1-

Initial is nuch less than the int low volu: e from Celt 2.

For continued operations, Cell 1-Enlargement will be constructed and be

operational when Cell 1-Initial reachea its capacity. The discharge of
tailings water pumped from Cell 2 will then be switched to Cell 1-
Enlargement waere the water will be s tored for evaporation. The initial

discharge operation will be the ;ame as that described for Cell 1-

Initial. As Cell 1-Enlargement fills up with ater, the level in Cell

1-Initial will be dropping due to evaporation :;i n c e *her" will be no
infjow from the t'ilings disposal operation. Cell 1-Enlargement will

fill un as did Cell 1-Initial since its surface area of 42 acres is also
much less than the necessary water balance area. As Cell 1-Enlargement

reaches its capacity of 445 acre-feet it Elevat.on 5637, flow through
the overflow upillway will connence and tailings water will spill into
Cell 1 initial. As part of the detailed de;1gn of Cell 1-Et.largement
the invert elevation of the spillway and its width will he deternined so

under raximum overflow conditions the poal level will be at Itast 3 feet
below tha dike cres . This is the minimum acceptable freeboard allowance
for the dike.

With overflow into Cell 1-Initial, its pool level will begin to rise.

Since the overflow is designed as an uncontrolled spillway, the rueoff
volume from the design flood on both cells .ust be stored in Cell 1-

Initial. Therefore, the taxirum operating pool level in Cell 1-Init ial,

2" 3P9
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with Cell 1-Enlargement at its capacity, is Elevation 5614 as shown on
the Cell 1-Initial area-capacity curve on Sheet 15.

The system will operate in this manner for several years. Depending on

the actual net evaporation volumes and other mill process conditions it
may function for the life of the project although the total surface area
of both cells is only 95 acres and the required area for a watet balance
is 123 acres. Several options, as discussed in Section 4.2.2, a.e

available to modify the operation of this system and reduce the water
balance area re qu ir er.en t .

Tailings disposal will be switched to successive cells as they are
needed and the slurry and water pipelines will be extended to the active
tailings cell. Reclamation of the complet(d cells will be perforned as
described in previous sections with the exception of a zone where the
pipelir.es will pas. over the completed cells to the active one. This

zone will not be fully reclaimed se t h. i t a trench will be formed by the
higher reclamation surface on the rest of the cell. This trench will

contain and control any spill f rom pos ;ible pipeline breaks. The location

of the pipeline trench will most likely extend to the south from the

eastern edge of Cell J-Initial where the pipe is located on the edge of
the dike. Partial reclamation cover will be placed beneath the pipes to
reduce the tailings exposure and to build up the elevation of the bottom

of the trench. The trench botton must he above the elevation of the
maximum pool level in Cell 1-Initial under succes>_;e like failure

conditions as discussed in Section 4.2.5.3. This is necessary so it

does not act as a spillway carrying flow into the active tailings cell.

2 o/ , )
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6.0 SURFACE R\TER CONTROL SYSTEM

|

6.] GENEiL\L

Surface water control is required to avoid possible disturbance to the

tallings cells or disruption to the sys t e: . operations by flooding or
surface water runoff. In the project area, natural surface water drain-

age is poorly developed as discussed in Section 3.3.1. Therefore,

surface water control at this site involves only the control of runoff

f rom precipitation.

The major drainage divides in the project area are shown on Sheet 2.
The tailings cells are located in the upper reaches of the main site

drainage basin and thiy extend to the eastern and western edges of the
basin so there are only small areas that drain towards the cell:. The

only other drainage area that affects the project is a snall basin

located north of the nill and facilities area.

Due to the small drainage areas involved, the pnreicular site layout,

and the relativels snall runoff volunes, th. method selected to handle

the runoff is to divert it around and away from the areas of concern by
construction of ditches. These surface water diversion ditches are
shown on Sheets 2 and 4. They are designed to carry the maximum runoff

discharge from the pHP event wi t!' non-erosive veloc it ies. Thit . :ax i r:um

discharge is produced by the probable n iximum thenderstorm as discussed

in Section 3.4.2. Typical ditch >ections and design data are given on

Sheet 11.

A sed trentation pond is also required to collect and settle part icle:

from water runoff from the facilities area. This prevents downstream

discharge of the casual radioactive riaterials that may be inherent in

the facility runoff water.

6.2 TAILINGS CELL AREA DIVERSIONS

Diversion of runoff from around the area of the initial phase tail in;;s

cells is accomplished by D; version Ditch So. 1 shown on Sheet 4. This
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ditch will intercept runoff from the .irca north of Cell 1-Initial and
discharge it to the .u s t where f: vill drain away from the cells and

into We<;twa cc r Creek. The ditch in designed to be constructed at a

constant depth and bed ;1 ope. It will be located in the field and,

based on availab;u subst.r f ace in f o rr. i t io n , should not require any rock
excavation. With the expan.;1on of the system and construction of Cell
1 -r.nl a r c,e ma n t , Diversion Ditch ?o. I will be removed.

Diversion of runoff from other small areas adjacent to the cells will be
acconplished by construction of a -nall bern, typically shown on Sheet
10. This herm will be constructed along the top of all e: cavat ion
slopes (a:: shown en Sheet 4) and wil: redirect or hold for evaporation
any runoff from the m ill contributin:; areas

6.3 ?IILL A: D FACILITIES AREA DIVERSIO::S

Diversion of runoff from the area north of the nill and facilities area
i t, accomplish d by Diversion Ditch ?o. 2 and ?:o. 3 located as shown on
Sheeta 2 and 4. These ditches will intercept runoff and dt h e it tos

the east where it will drain away from the project area. I.oth ditches

are designed at a constant hed ;1 ope and will be located approx 1:nately
au shown. Several :all fill sections will be required on the downhill

;ide of the ditches to maintain the required de sign dept h. A typfcal

ditch fill section is shown on Sheet 11. iiased on avai' able subsurface
information the ditches should not require any rock excavation.

A randon fill vill be placed as shown on Sheet 4 to fill in a low area

and red trect the drainage in the area along the toe of the fill and into

Ditch ';o. 2. This fil) will be a maximum of about 15 feet high and
cover approximately 7 acres. It will be a permanent fill and will be

topsoiled and revegetated. Spoil, waste naterial, or rock from the

273 331cell excavations nay be intorporated in the fi11.

6.4 MILL A:;D FACILITIES AM.A SEDD" ::TATIO:. pO::D

The mill and facilities c.rea sedimentation pond is located in the southwest
corner of the arca as shown on Sheet 4. It is designed to hold runoff
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from the entire facilities area including the ore storane piles associated
with the buyini; ;tation. It w.ill be constructed as shown with 3H:1V
side slopes and an approximate level bottom at Elevation 5605. This

d sign fu based on the facilities area ;i t e grading plan (Western Knapp
Engineering, 1979) :.o the drainage culvert will flow into the pond. The

storage volume available in the pond below the culvert invert Elevation

5611 13 about 11 acre-feet or enough to hold runoff from the 100 year
storm.

The pond is designed with no outlet or overflow ;t ruc tu re . It may be

emptied by pumping into Cell 1-Initial if necessary, but evaporation
should keep the water level quite low.

The pond will be unlined. !:otton ind <;1de ilopea will be seeded and

r.ulched as neces:ary to mininize erosion.

2 7 ,
, -.
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7.0 GROUND;lATER MONITORING PROGiudl

7.1 GE::Elb\L

Regular monitoring of the groundwater in the immediate area of the
t a l l i n g, 2 cells in required by ';RC regulations. This is nect s iary to

detect contaminatica of the groundwater from the tailings d isposal
operations. Pertinent uite groundeater hydrology featurca have been
pre ented in Section 3.3.2. The program discussed herein le ewentially
the same as the program previously presented (D'Appolonia, 1979) and is
included in this report in its final form for completeness.

The groundwater monitoring program J- designed to (a) allow groundwater

sanple procurement from the aquifer underlying the site for preoperational
baseline water quality testing, (b) allow similar data retrieval for
operational groundwater quality monitoring and (c) allow detection of
pas;ible tailinga cell leakage in near aurface and intermediate depth
no1-aquifer atrata. The program consists of five deep wells comp 1 *ed
into the exis t in;; ;roundwater aquif er and five shallew, twin w ils with
monitorin;; zonen in (a) the surface soils and top of the weathered and
fractured rock and (b) the zone of unweathered rock below the top of
rock and above the water table. The locations or these wells are shown
on Sheet 2 and Figure Figures B1, B2 and B3, Appendi:- D, illustrat ?> typical_.

installation details for these wells.
273 5-9

7.2 PREOPERATIO: AL PROGRR

The preoperational program consists of the installation of 4 deep wells,
k| ells 1-4 shown on S:. et 2. Taese wells are located to (a) provide up-
;radient bascline sampling (L| ell 1), (b) provide down-gradient sampling
(klell 3), and (c) provide cross-gradient samplin;; (t|e ll s 2 and 4).
These 4 wells will bn installed and aampled prior to construction to
provide preoper;1tional baseline data. They are located outside tb' orea

to be disturbed by the completed tailings cell system, so they can be
;ampled to provide data throughout the total life of the project. Ji,;u re B1,

Append i:.: B, shows typical installation details The enact :reen depth,

length, etc. will be based on boring data from each well.

IlM11PP4NUdN}L1
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Well 2 has been located and will be operated to provide an addt.lonal
monitoring and excursion prevention function discussed in the nrxt
section. Cell 3, the single down-r,radient preopt rational well, is
considered adequate to provide down-grajient baseline data due :o the

,:all length of the tailings cells parallel to the direction of groundwater
j novenent and the installation of Well 5 prior to operations.

S:c,pling of Wells 1-4 will be done quarterly and the sa,ples tested for
the parametern listed in Table 7-1 as follow..

Quar terly Tes ting - Parame ter Li:,t - A and Ba

o $ ni-Annual Testine, - Parameter List C

Existing wells within a 2 kiloneter radius of the site are also required
to be sanpled and tested as part of the preopt ational progran. Eised

on atornation presented in the Environmental seport (Dane:, and Moore,
197S) this requirermat includes the wells listed la Table 7-2. Some of

the wells nay be listed more than once with different designa t ic ns from
different sources in the Environmental lleport, but it was not pc ssible
due nainly to the scale of scr.e p l a tn to determine the exact It cat ion
of all walls. It is recor= ended that all these desienated locations be
checked to confirn any dual markinp>. Due to the location of the tailings

cells, it is recor. ended that the following wells he r, routed:

o SW, SL; no mark, 35; 36; C6R, G7R

Grouting should be done with cement placed by trenie rethods in the
bottom of the well and conpletely groutine the well full to the ground
surface.

273 3 M
Ihis leaves only Well 37 within 2 kilometers (1.24 miles) radius of the
tallint,s facility to be included in the preoperational testing progran.

7.3 OPEMTIONAL PROGPSI - INITIAL PHASE

The initial phase operational monitoring program will include monitoring
the wells installed in the preoperational progran plus Wells 5-10 installed
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as shown on Fheet 2 and Fi r,u r e 1. ..11 5 is a deep well Installed into.

the existing groundwater aquif.r. It is located on Cell 3 Dike crest

and will be in;talled after completion of the dike. It will provide

additional down ;;radient .aa n i t o r i n y, capability n"ar the active tailina,

cel].

L. e l l s 5 and 2 are located to dett et po: iihle tailings cell leakage that
may nove along preferred flow paths correspondinv to the rajor joint set
direction, shown on rit;ure 2 These two wells will also be installed

and operated as pnapine, wells, for several reasons. First, the flow

along any existiae preferred ' low paths ,n th edges of the cells 'an he

drawn to the wells. This will allow dettetion of leakage f ro:i the

entire cell area. If these two wells were located closer to Cell 2,

their ra<llus of infla< nce nay not be sufficient to detect po: ;ible.
leakage alon;; pref erred flow paths that could ,'.ist along the cell
edges. Second, the gradient toward the wells will increase allowing
decreased flow ani leakage detection tine... Third, if any leakage is

detected the centaminated ;roundwater may be renoved by these wells and

the impact oI the Icakage on the re,fonal groundwater quality nitigated.
The d i s c h :i rg e from these two wells can be returned to the tailings cells

diceharged to tock ponds depending on conditions.

1tw pumps installed in thene well:- should be submersible .ce l l type pump'
of ,all capacity. They will be corrosion and acid resistant. Wate.

level c on t roir, will ne i n s t a 11ec. to operate the pumps and flow volumes

should Le measured and recorded. It is not anticipateu that much volume

will be lumped. 9., . -

L J )e

talls 6-10 are each a double level installation; one well t_ be installed

in the near surface strata and the other in an interreciate depth ;trata
above the existine, groundwater table. They are located in areas where

possible leakage on, near, or within the upper part of the bedrock will

be concentrated. Well 7 is located at the low point of he bedrock

surface (see Figure ?) irrediately down slope of Cell 2. Wells 6 and 8

3)b}P}N)}IjIb}b
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are located in minor bedrock troughs on either side of the low point for
detection of leakage moving along these areas of the bedrock surface.

Wells 9 and 10 are located to the west of Cell 1-Initial to detect
leakage moving along either near the bedrock surface or at depth within
the bedrock along preferred joint planes. These wells will be installed

typically as shown on Figures B2 and B3, Appendix B.

Operational sampling of the deep wells and testing will be performed as
shown on Table 7-3. Groundwater quality parameters in List E, on Table

7-1, are critical indicator parameters that will indicate tailings cell

leakage. List D parameters are indicators of groundwater quality that
are also likely to be affected by tailings cell leakage. Testing of

parameters en these lists will be done with the greatest frequency
to monitor the groundwater quality and avoid producing an excess amount
of data. The baseline parameters in Lists A, B and C will be done to

maintain comparison data and if the indicator tests show anomolous

results. Sluce Wells 6-10 are located above the water table no water is
expected, but they will be monitored regularly (monthly for the 1st year

~

and qt.arterly thereaf ter) and any water detecte-1 will be sampled and
tested to deter.aine if it is from the tailings operation. Depending on

the location and magnitude of any leaks detected by these wells the
;; contarination may be controlled by well pumping, installation of addi-
'

tional shallow wells, temporary abandonT.ent of the leaking cell while it
is fixed, or other cptions.

273 330
The groundwater monitoring program will be expanded with the construction
of additional tailings cells. Wells 6, 7 and 8 will be fully grouted

immediately prior to cell excavation cad similar wells will be installed

in the area of Cell 4 to detect possible leakage from Cell 3. Wells 9

and 10 will renain operational throughout the life of the project.

Also, additional deep wells located along eferred flow paths may be

installed. Dat.a from the installation and monitoring of the vells

described previously will assist in determining che requirements,

J including number of wells and locations, of the expanded groundwater
monitoring program.
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7.4 WELL IMSTALLATIDH

The deep wells will be drilled prefe 'rably vith air or possibly foam or
special muds, if necessary. The holes should be inspected by a geologist

to determine the screen location and to oversee the well installatian.
Details of the well installation is shown on Figure B1, Appendiz B. The

well should be cleaned upon cotapletion by air lif ting or bailing.

The intermediate depth wells will be drilled in the same nanner as the deep
wells and installed as shown on Figure B2, Appendix B. They will be completed
to approximately 20 feet above the existing water table based on the
1 *est data available from the preoperational program. Observations

.ag the drilling of these holes may alter the above requirement.<

The shallow wells will be drilled by an auger if possible. They will be

installed as shown on Figure B3, Appendix B.

273 337
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TABLE 2-1

TAILINGS WATER ANALYSIS (1)
UHITE MESA URAMIUM PROJECT

ION GRA!!S/ LITER

V 0.24
U 0.0025
Na 4.90

l'11 0.0653

C1 3.05
SO 82.24

Cu 1.62
Ca 0.48
!!g 4.06

Al 4.26
FM 4.58

Zn 0.09

110 0.007
pil 1.L - 2.0

( From page 3-12, Er'-ironmental Report (Dames and Moore, 1978)

273 342.

IlDMIPIlNDIfADNJLA



1
-

L
I

N
_ D

k

Ac
o
R f

l
e Dl l l l l l l

%
i k i k i k i k i k i b ko c o c o c o c o c o a cS o S o S o S o S o S p oR R R R R p R lN d d d d d d i I

POR e t e t e e e e e t e R tI E t o t o t l l t l t l o t eTT a o a o a i b a b a i o a t e IAC d h d h d o a d a d o h d f h

RVA i S i S i S p i p i S S i o SAR l l l p l p l l SCA o 6 o & o t i o i o t & o &XI s s s c R s R s c s m DI

EC n l n l n a n n a l n u l Io l o l o p t o t o p l o i l Ic i
.

c i c m f c f c m i c d i-n r n r n o o n o n o r n
f

reU D U D U C S U S U C D U F D
!

e e e e e e el n l n l l n l n l l n l n ni o i o i i o i o i i o i o oEL o t o t o o t o t o o t o t tLA S s s s S S s S s s S s S s sBI d d d d d d d- AR y n y n y y n y n y y n y n nB E a a a a a a a a a a a a a a a-

OT l S l S l l S l S l l S l S S' RA c C C C C C C CIP T - a - a - - a - a - - a - a a) T y t y t y v t y t y y t y t tOC d o d o d d o d o d d o d o oE n k n k n n k n k n n k n k kAJ a a a a a a a a a a a a a a a
>

- TO S D S D F S D S D S S D S D DAR
DP

.

-

1 YM
- TU-

3 II
CN

E OA _-

L LR--
B EU
A V L

A)
. T A ! VT 1 3 3 3 3 5 3 3 3

o lTRE 1 3 6 3 3 9 3 4 3 3 1 3 5 1 3
CS

m IE P EE - - - - - - - - - - - - - - -MM E TI 0 1 0 6 0 3 9 0 4 0 3 5 0 5 3
-

. S DN( 1
I 1 1IE

- ET
-

SI
H
W.

i

-

1

.

, )
1 D

N.

DYO
. ETC

RI E
. UCS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. S O/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ALT 5 4 9 0 3 0 1 9 0 9 7 5 3 2 8
.

EEE 1 7 7 1 2 3 4 1 6 1 4 6
,.

.. '-1 VE
F

, (
.

.

:

/
N u n. v.

Y) t
E2

' V(
RR;

UE
.

SB
I

:

T
. CU 6

4 5
.

1 N 1 2 31
$

a ST
: I S

E E.

ST

_
7



$
-_

TA3LE 3-1
(CONTINITED)

MEASURED DEPTll
SEISMIC SURVEY VELOCITY INTERVAL PROBAliLE EXCAVATION

TEST NUMBER (2) (FEET /SECOND) (FEET) MATERIAL C11ARACTER

7 1250 0-3 Sandy-Clay soil Unconsolidated Soil

2200 3-18 Sandy-Clay Soil compact soil

6500 18-33 Dakota Sandstone Drill & Shoot Rock |

8 1400 0-6 Sandy-Silty Soil Unconsolidated Soil

4400 6-33 Dakota Sandstone Medium Soft Ri >pable Rock

9 1300 0-6 Sandy-Silty Soil Unconsolidcted Soil

5000 6-33 Dakota Sandstone Medium Hard Rippable Rock

10 1500 0-5 Sandy-Silty Soil Unconsolidated Soil

2450 5-17 Sandy-silty Soil Compact, Cemented Soil

7000 17-33 Dakota Sandstone Drill & Shoot Rock

i
11 800 0-5 Sandy-Silty Soil Unconsolidated Soil

3500 5-13 Dakota Sandstone Medium Soft Rippable Rock

: 8400 13-33 Dakota Sandstone Drill & Shoot Rock
i

_ __

12 1400 0-7 Sc-iy-Silty Soil U. usolidated Soil

4500 7-33 Dakota Sandstone Medium Soft Rippable Roc k
N
~

W
.zw

UDAIPIINDIIADNIIA
.



\i
L
I

N
O
Lk

c
c I

O
R

e

Pl l

i b
o a IN S p

POR p
I E d i
TT e R

AAC t
VA a t
AR d f

; MCA i o
Xl l S _.
EC o l

s a I
n u.o
c d
n e
U M

-

- l e
EL i n
Li o oB L S t

AR s
B E y d
OT t n
RA! l a
Pt i S

S
- a
y t
d o
n k
a a
S D

)
1D

E
3U

N
EI
LT
BN
AO L

A) 3TC i V T 6 3l

( TRE - -
PEE 0 6
E TF
DN(

I

6
1

f

o
3

t
) e
D e
N h

DYO S
ETC
RI E 0 0 e
UCS 5 0 P e
S G/ 7 7 , 7 S
ALT 1 3 _. 9
EEE 1 s1b V E t

F , s
( s e

n T
o
u f
l o
e

i n
Y) N o
E2 i

V( m t . '- ,
)

RR o a '

mT' <U , r c
S B F o

', :

M L
CU a
I S 3 t r
I

S 1 a o
S T D F
I S
E E
S T (



_ _ . . .

TABLE 3-2

MONTHLY PRECIPITATION AND EVAPOPuiTION VALUES
WHITE MESA UPuiNIUM PROJECT

GROSS PAN (2) GROSS LAKE (3) NET LAKE (4)
PRECIPITATION (1) EVeu)ORAT ION EVAPoldTION EVAPORATION

MONTil (INCllES) (INCilES) (INCilES) (INCIIES)

JANUARY 1.1 0.0 0.0 - 1.1

FEBRUARY 0.8 0.0 0.0 - 0. 8

BL\RCll 0.7 0.0 0.0 - 0.7

APRIL 0.7 6.9 4.7 4.0
--.

PL\Y 0.6 9.5 6.5 5.9

JUNE 0.4 12.2 8.3 7.9

J U LY 1.1 13.8 9.4 8.3

AUGUST 1.7 9.1 6.2 4.5
__

SEPTEM ER 0.9 10.6 7.2 6.3

V
OCTOBER 1.6 4.7 3.2 1.6

V
NO'! EMBER P 0.9 2.8 1.9 1.0

CT
DECDIBER 1.3 0.1 0.0 - 1.3

-

TOTA _S 11.8 69.6 47.4 35.6

Q' Mean ronthly precipitation values from Plate 2.7-3, Environmental Report (Dames and Moore, 1978)

(2) S t anda rr' Class A Pan evaporation values (llal i b u r t on , 1978)

(3)Grosa J Rate multi,._ led by a pan coefficient o f 681'' - -

(4) Gross lake evaporation less precipitation. Minus indicates net precipitation.
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TABLE 4-1

STOCKPILE EATA
WHITE MESA URANIUM PROJECT

CAPACITV
3STOCKP1LE (x10 yd. )

-

PLAN AREA M1TERIAL FRCM MATERIAL TOINITIAL
MATERIAL LOCATION P11ASE MAXIMUM (FEET x FEET)

,
____

Soil West 229 229 500 x 650 Cell 1-Initial Cell 1-Initial
Cell 2 Cell 1-Enlargement

Ecst 65 123 300 x 700 Cell 1-Initial Cell 3
Cell 2 Cell 4

Northwest 0 308 450 x 1000 Cell 1-Enlargement Cell 1-Enlargement

Rock West 489 563 600 x 1250 Cell 1-Initial Cell 1-Initial
Cell 2 Cell 3
Cell 3 Cell 4

Cell 5

East 489 563 600 x 1250 Cell 1-Initial Cell 1-Initial
Cell 2 Cell 3
Cell ' Cell 4

Cell 5

North cct 0 144 400 x 550 Cell 1-Enlargement Cell 1-Initial
_ _ _

Topsoil Northwest 186 229 500 x 700 Cell 1-Initial Cell 1-Initial
Cell 1-Enlargement Cell 1-Enlargement
Stockpiles

East 100 186 500 x 550 Cell 1-Initial Cell 4
Cell 2 Cell 5
Cell 3

N Cell 4

N Stockpiles
VJ
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TABLE 7-1

GROUN7 WATER OUALITY PARAMETERS
WHITE MESA URANIUM PROJECT

| List List B

Aluminum Natural Uranium (U)
Ammonia (N) Ra-226
Arsenic Th-230
Barium
Boron List C
Cadmium
Calcium Pb-210
Carbonate (CO ~

3
Chloride
Chromium List D
Copper
Fluoride Calcium
1ron Carbonate
Lead Bicarbonate
Magnesium Chloride
Manganese Magnesium
Mercury Potassium
Molybdenum Sodium
Nitrate (N)
Phosphorus (P) List E
Potassium
Selenium Specific Conductance
Silica (SiO,,) Alkalinity

'
Silver Sulfate
Sodium pH
Strontium Total Dissolved Solids
Sulfate (SO ) Gross Alpha Ecissions4Vandium Grocs Beta Emissions
Zinc

Total Dissolved Solids
Total Suspended Solids
Total Organic Carbon
Alkalinity (CACO )

3
lia rdne s s , Total { CACO )

3
Chemical Oxygen Demand
Redox Potential
pH
Field pH
Field Specific Conductance
Temperature

NOTE: All tests are for dissolved conc ^ntrations, except Iron
and Manganese which are for both dissolved and total

273 34Jfconcentrations.
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INTRODUCTION

WOIE DESCRIPTION

These Guideltae Specifications were prepared for use during the Initial
Phase Construction of the Tailings Management System, White Mesa Uranium

Project, Blanding, Utah, by Energy Fuels Nuclear, Inc., Denver, Colorado.
The initial phare construction consists of the following major itens.

o Cell 1 - Initial

e Celi 2

o Surface iater diversion ditches

Mill facilities area sedimentation pondo

Specific features, c ncerning the construction of the above itens, that
are covered by thes2 Guideline Specifications are:

Site clearing and grubbinge

o E2.rthwork, soil and rock excavation

Earthfill and rockfill requirementso

Synthetic lining installation*

a Miscellaneous construction iteos

o Groundwater monitoring well installation

DRAWINGS

The Drawings illustrating the above items and referred to in these

Specifications are the 16-sheet set entitled " Construction Drawings,
Tailings Management System, White Mesa Project, Blanding, Utah,
Issued for Construction June 1, 1979.

DEFINITION OF TERMS

For the purposes of these specifications, the Owner shall mean Energy
Fuels Nuclear, Inc., Denver, Colorado. The Engineer shall be a designated
representative of the Owner.

274 003
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vii

SITE CONDITIONS

Conditions at the site and cross sections shall be exarained by the

contractor and he shall verify to his satisfaction the contours and

the character of the earth, rock, water and other iteras that may be

encountered during the execution of this work. The interpretation

of the top of rock or other subsurface conditions were determined

for design purposes only. Logs from previous borings are available

for viewing at the Owners office in Blanding, Utah and in Denver, Colorado.

274 004
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SECTION 1

CLEARING AND GRUBBING

PART 1 - GENERAL

1.01 DESCRIPTION

A. Scope of Work

1. The Work covered by this Section consists of
furnishing 011 plant, labor and equipment and
performing all operations in connection with
clearing and grubbing in accordance with the
Drawings and these Specifications.

B. Limits of Clearing and Grubbing
.

1. The limits for clearing and grubbing shall be
five (5) feet outside the limit of work for the
construction as indicated on the Drawings, unless
an archaeological site exists within this limit,
in which case clearing and grubbing shall not
be conducted in the archaeological site.

PAR'.: 2 - PRODUCTS

Not required

PART 3 - EXECUTION

3.01 CLEARING

A. General

1. Clearing shall consist of the removal and
disposition of boulders, trees, brush, down
timber, logs, trash and other growth and
objects on or above the ground surface.
Within the limits of excavation, brush may be
removed during the excavation operations.
Brush at the top of cut slopes, the roots or
parts of which are exposed by the excavation
operations, shall be removed completely.

274 005
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2. Brush, stumps, down timber, and partially
buried logs and snags anall be removed com-
pletely from all areas to be occupied by fill
and these areas shall be stripped. On areas
outsida of and contiguous to the top of the
cut slopes and the toe lines of fill sections,
brush shall be cut off and the areas shall be
grubbed as specified for areas to be occupied
by fill. Cleared caterial shall be disposed of
as specified hereafter. Cleared materials
shall not be placed in the fill sections or
left on the Work area.

3.02 GRUBBING

A. General

1. Grubbing shall be done in all areas to be
occupied by fill. Grubbing shall consist of
the removal and deposition of stumps, roots,
buried logs, boulders, and other objectionable
material below the ground surface. Stumps,
roots over 1-1/2 inches in diameter, buried
logs and boulders shall be removed completely.
Roots 1-1/2 inches and under in diameter shall
be removed to a depth of 2 feet below the
surface of the ground in the area. Excavations
nade for removal of stumps, roots, and buried
material shall be backfilled to the ground
surface with suitable material, and the areas
shall be gradad to present a neat and pleasing
appearance, k thin the limits of excavations,
grubbing may be done during excavation operations.

3.03 WASTE MATERIAL DISPOSAL

A. General

1. All brush, logs, roots, trash and other com-

bustible debris from the clearing, and grubbing
operations shall be disposed of by burning
(with an approved permit) and/or hailing to an
approved disposal site as designated by the
Engineer. No such material shall be placed in
the fill sections. All durable stone and
boulders from clearing and grubbing may be
salvaged for use in construction.

274 006
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SECTION 2,

EARTIF40PJ'

PART 1 - GENERAL

1.01 DESCRIPTIOS

A. Scope of Work

1. The Work covered under this section includes
the furnishing of labor, materials, required
equipment and performing all operations for the
following items of work:

a. Removal of plants and stripping and stock-
piling topsoil, where appropriate.

L. All excavation, stockpiling, filling and
rough grading for site work required by the
Drawings and Specifications.

Placing and compacting fills as required.c.

d. Placing and compacting synthetic lining
subgrade layer as required.

All dewatering and/or diversion required bye.

the Work.

E. Project Survey Layout

1. The project work shall be staked out by a
qualified surveyor, including establishing
elevations and all other layout work required,
lie shall also establish a datum point from

which all 3rades are to be taken.

C. Safety Precauticas

J. All barricades, fences, red lights, torches and
enclosures necessary to protect construction
and mill personnel from injury due to the Work
set forth herein shall be erected, maintained
as required and removed when the need for them
no longer exists.

274 007

DRIIMIMDIfADNIIA



2-2

D. Haul Roads

1. All haul roads or other disturbance to
areas outside the limits of the Work shall
be carefully planned to avoid archaeological

sites as shown on the Drawings, and as may be
designated by the Engineer.

PART 2 - PRODUCTS

Not required

PART 3 - EXECUTION

3.01 STRIPPING AND SITE PREPARATION

A. General

1. All topsoil in the area of work shall be

stripped to its full depth, where appropriate,
and stockpiled in areas as shown in Drawings or
as directed by the Engineer, where it will not
interfere with the Work. Topsoil shall be
reused in reclamation work.

2. Topsail is defined as that material naving a
signi_ficant organic content which wil? readily
support vegetation and is approximately 12
inches thick at this site.

3.02 _EXCAVATICN

n. General

1. All open-cut excavations shall be performed to
the lines, grades, and dimensions shown on the
Drawings or established by the Engineer. All
necessary precautions shall be taken to pre-
serve the material below and beyond the lines
of all excavations in the soundest possible
condition. Where required to complete the
Work, all excess excavation and overexcavation

shalt be refilled with suitable materials
acceptable to the Engineer as specified herein.

000
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2. Rock excavation shall be achieved by mechanical
means unless blasting of hard lenses or area
of rock is appreved by the Engineer. A detailed
blasting plan nust be submitted to the Engineer
prior to issuance of approval for blasting.
Furthermore, all blasting shall be conducted in
accordance with applicable federal, state, and
local lawc and regulations.

3. All suitable materials removed from all types
of excavations embraced in the Specification
shall be used appropriately in the formation of

fills, as bedding or cover material for synthetic
lining, as reclanation cover material r other
uses as indicated on the Drawings or as directed.
Material suitability for these various uses is
discussed in these Specifiestions. Materials
to be used as reclamation cover shall be placed
in designated stockpile areas shown on the
Drawings. Materials for lining bedding or
cover may be temporarily placed in approved
stoc' pile areas during excavation and later
remos ' for use as required.

4. Excavated material which will be suitable for
dike construction or other fills when dry,
shall be taken fron the excava* ion, dried,
and then placed in the fill are'.

5. Where practical, suitable materials sha.1 be
excavated separately from unsuitable materials.

All materials removed from all excavations
which are considered unsuitable shall be disposed
of in a suitable manner as discussed in these
S pec if ic a t ions .

B. Unsuitable Material

1. Excavated materials shall be considered uns it-
cble for use in fills or as synthetic lining
bedding or cover if they have expansive proper-
ties, are highly calcareous, or other unsuitable
properties. Clay material shall not be used for
lining cover. Materials with these properties
may be uixcd with other material and used as

suitable material only with the approval of the
Engineer. Materials not so mixed shall be

stockpiled in the soil stockpile area separately
from suitable materials. These materials shall
be considered suitable for use as reclamation
cover.

'74 009
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2. Excavated materials containing rubbish or other
foreign material shall be considered unsuitable

for any use and shall be wasted as directed by
the Engineer.

C. Stockpiling

1. Excess excavated materials or materials con-
sidered unsuitable shall be hauled to stockpile
areas as shown on the Drawings or as directed
by the Engineer. This applies to reclamation
cover material and suitable material for other
uses as discussed above.

2. Material excavated as rock which breaks down
rapidly so it does not meet the requirements
for rockfill material all be considered soil
and stockpiled accordi gly.

3.03 PREP M TION OF FILL AREAS

A. Stripping

1. The areas to be filled shall be stripped of all
topsoil, frozen soil, organic material, rutbish,
and other foreign material prior to filling.
These materials shall be stockpiled or wasted
as directed by the Engineer.

B. Fill Foundations

1. Prior to the placement of any fill the stripped
areas shall be inspected by the Engineer for
wet materials, soft spots, small local zones or
pockets of soft silts or clays, or other unsuitable
materials that were not defined during the
course of the exploration program. Areas of
unsuitable materials shall be overexcavated and
replaced with suitable earthfill compacted in
accordance with the Specifications. The determination
of unsuitable materials shall be made by the
Engineer.

3.04 FILLS

A. Earthfill

1. The fills shall be constructed to the lines,
grades and cross-sections indicated on the
Drawings.

010
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2. All fills shall be constructed of suitable
material from the excavations. All excavated
material is considered suitable unless it has
unsuitable properties as discussed in Paragraph
3.02. Also, the material shall contain no
large rocks, frozen or organic material,
topsoil, rubbish or other foreign material.

3. All earthfills shall be compacted as specified
in Paragraphs 3.05 or 3.06 depending on type of
materials.

4. The distribution of mater' 's throughout the
compacted earthfill shall be such that it will
be free from lenses, pockets, streaks, and
layers of material differing substantially in
texture or gradation from surrounding fill
material.

5. Where fill is to be placed on natural slopes
steeper than one vertical to seven horizontal,
the existing slope shall be benched prior to
placing fill. The width of any bench should
not be greater than 25 feet or less than 5
feet. The width of each bench should be
maintained within the specified limics, and the
height of the cut face varied in accordance

with the slope of the natural ground surface.
The height of cut at the face should not
exceed 5 feet. The slope of the temporary cut
face should be no steeper than one vertical to
one horizontal. All benches should be sloped
at a minimum of 1 percent away from the cut
face to maintain proper drainage.

6. After specified benches have been cut, the fill
should proceed. The lowest elevations shall be
filled first, in horizontal layers with a
thickness no greater than specified limits and
sloped to the outer edge of the fill. Aa each
layer is spread it shall be thoroughly compacted
with proper rollers. The top and bottom of all
fills shall be rounded or cased to form a
pleasing transition in charge of grade.

7. Particles larger than 5 inches, but less than

10 inches in maximum dimensions shall be worked
into the fill in such a manner as will disin-
tegrate friable material and orient and distri-

bute resistant particles to effect a compact
well-knit tass with spaces between larger
particles thoroughly choke- with compact finer

274 011
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materials. To aid in accomplishing '_his,
material cotitaining more than 20 percent (by
volume) of particles exceeding 5 inches in
maximum dimensions, shall be spread in lifts
at exceeding 8 inches in thickness (loose

aeasure), and tracked with at least four passes
of the tresas of a crawler type tractor which,
oy means of sufficient overlap, will assure
complete coverage of an entire layer by the
tractor treads. Second and subsequent passes
of the treads shall not be made until each
pass, as defined above, is completed. If the
size and content of resistant particles in the
fill material precludes proper compaction, the
material shall be disposed of or mixed with
finer materials before placement.

8. The fill on each side af structures shall be
kept at approximately the same level as placement
of the fill progresses.

B. Rockfill

1. The fills shall be constructed to the lines,
grades and cross-sections indicated on the
Drawings.

2. All required fills shall be free-draining and
constructed of suitable materials selected from
the excavation.

3. Suiwable rockfill materials shall consist of
sound, angular rock fragments, reasonably well-
graded in size from 3 to 18 inen, minimum to

maximum dimension. Material less than the
minirum size may be used only in minor amounts
fo fill voidt in the fill and still have a
free-draining fill. Material greater than the
maximum size shall be moved to the edge of the
fill during placement to function as slope
protection.

4. The rockfill shall be placed by dumping and
spreading in layers not more than 24 inches
thick. The material shall be compacted by
passes of the spreading equipment as the fill
is placed. The layer shall not be excessively
compacted so the material on the surface
becomes completely broken down into small
sizes.

012
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5. The distribution of materials throughout the
rockfill shall be such that it will form an
interlocking, well-keyed fill with no large
voi.ds and be free from lenses, pockets, streaks,
c..I layers differing substantially in texture
o. gradation from surrounding fill material.

6. The rockfill on each stic of structures shall
be kept at approximately tb, same level as
placement of the fill progresses.

3.05 C__? ACTION SPECIFICATION - EARTIIFILL-GRANULAR MATERIAL

A. General

1. All granular fill placed at the site shall be
spread in one- foot lifts (loc.e naterial) and
each lift compacted to 75 percent relative
density (ASTM-D2049-69) as defined by:

E -E
1

(Percent)D *

D E -E1 D
where:

D r a ve ensity in percentD

E = void ratio of the granular soil in its
loosest state (minimum dry density)

E v g anu ar soil in itsD
densest state (maximum dry density)

E = void ratio of the soil in its naturaly
state

2. All granular fill shall be clean, nonexpansive,
free of trash, rubble, debris, frozen, and
other foreign materials.

3. For unifcrmity, a minimum of five passes of a
10-ton vibratory roller or its equivalent shall
be required on each lift of fill.

3.06 COMPACTION SPECIFIC ATION - EARTHFILL-CollESIVE MATERIAL

A. General

1. All cohesive fill placed at the site shall be
spread uniformly in six- to eight-inch lifts

274 013
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(loose material) and compacted to approx mately
90 percent of the Medified Proctor densi[;y
(ASTM-D1557-70). Upon placement and compaction
of a lift of cohesive material, the surft:ce

shall be scarified to a depth of 2 inches prior
to the placement of the next lift anless :the
compaction equipment leaves a surface suffi-
ciently roughened to tie the two lifts to), ether.
Cohesive earth embankment material shall be
compacted at a water content of between l'.and
2 percent above optimum water cor. tent as
determined by the nodified Proctor method
(ASTM-D1557-70).

2. All cohesive fill shall be free of trash,
rubble, debris, roots, organic, frozen, anc
other foreign material. Fill shall not be

placed on any subgrade that is under water,;
muddy, frozen, or contains frost.

,

J. For uniformity, a minimum of four passes of'a
sheeps-foot or segmented wheel roller in thc.
20- to 30-ton class shall be required on eac,a
lift. i

3.07 WORK AREA DRAINAGE
i

A. Fill Protection

1. To protect the surface of the fill, the top of
all fill areas shall be crowned and sealed at
the end of each working day to mir.imize the
infiltration of water in the event of rainfall.

2. All fill saturated due to precipitation shall
be dried or removed prior to placement of (
additional fill.

3. All impervious fills which become dried and/or i
cracked due to exposure, shall be wetted and

.'
reworke1 prior to application of additional
fill.

B. Slope Protection

'1. As interiu protection of the cut and fill
slopes, adequate surface drains shall be
provided at both the top and bottom of slopes
to intercept and conduct runoff from the
developed areas and to reduce saturation and '. ?74 01z1erosion of the slopes. "

.
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3.08 ACCURACY OF COMPLETED GRADING
:

A. General
-

1. The grades as shown on the Drawings or as

'

specified shall be met within 3 inches at the.

completion of the site grading.

3.09 SYSTilETiC LINING SUBGRADF.

A. General

1. The synthetic lining subgrade shall be prepared
or placed as specified below after excavations

- and fills have been completed and approved by
the Engineer.

'

2. The subgrade shall consist of a specially in-.

'

spected and prepared surface for fill sections
and shall consist of a specially placed and com-
pacted bedding layer for excavated secticns.

B. Preparation of Subgrade on Fill Sections
-

j 1. The fills shall be constructed to the lines,
grades, and cross sections indicated on the

' Drawings and a specified uncer Section 2,

, Paragraph 3.04 of these Specifications.

- 2. The ff.1 surface in areas to be covered by a.

2 synthetic lin'ng shall be free from loose

i carth, ruts , sharp breaks in slope, rubbish,
roots, vegetation or other foreign caterial,
and all cobbles or rock fragments protruding=

x from the final smooth surface.
_

.

3. All areas that do not neet these requirements
shall be corrected to the satisfaction of the

}
Engineer.

4. The fill surf ace shall be maintained in an
l acceptable condition during installation of the

;- synthetic lining. Any areas that are disturbed
shall be corrected prior to lining installation:

in that area.
.

i
,

=

] 274 015
_

e

2 11DRIPIINDIfADNILS
;



2-10

C. Preparation and Placement of Subgrade on Excavated Sections

1. The excavations shall be constructed to the
lines, grades, and cross-sections indicated on

the Drawings and as specified in Section 2,
Paragraph 3.02 of these Specifications.

2. The excavated surface in areas to be covered by
a synthetic lining shall be free from all loose

earth and rock fragments over 6 inches in size,
rubbish, roots, vegetation, or other foreign
material. The excavated surface shall also be
free from sharp breaks in slope and shall be
fairly smooth with no pieces or fragmenta
protruding r. ore than 4 inches from the general
plane of excavation.

3. A bedding layer 6-8 inches, compacted thickness,
consisting of suitable earthfill material from

the excavations, shall be placed on the pre-
pared excavated surface.

4. Suitable bedding material shall consist of
material meeting the requirements of suitable
earthfill as specified in Section 2, Paragraph
3.04 of these Specifications. In addition,
suitable bedding uaterial shall contain no
calcareous soils or pieces 3 inches in size or
larger.

5. ihe bedding layer shall be placed and ccmpacted
as specified in Section 2, Paragraph 3.05 or
3.06 of these Specifications.

6. The coipacted bedding laycr shall meet the
requirements for subgrade on fill sections as
specified under the previous Item B.

2 <7,A 0 < ?>t
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SECTION 3

SYNTHETIC LINING

PART 1 - GENERAL

1.01 DESCRIPTION

A. Scope of Work

1. The work covered under this section includes
the furnishing of all labor, materials, and
equipment to perform all operations required
unde. the following items of work:

Provide a technical representative experi-a.

enced in PVC lining handling and ".stallation,

b. Installation of the synthetic lining.

c. Digging of the anchor trenches.

d. Placement of lining cover material.

PART 2 - PRODUCTS

2.01 SYNTHETIC LINING

A. General

1. The synthetic lining shall be manufactured from

sheet roll goods, factory fabricated into large
panels for field scaming into a single impermeable
tailings cell linin >;. The lining shall be made
from the highest quality materials and manufactured,
fabricated and installed by qualified, well
known companies.

B. Liningj[tterial Rcquirements
_

1. The lining shall be manufactured from domertic
virgin polyvinyl chloride (PVC) resin. Repro-
cessed PVC material will not be permitted.

2. The lining shall be manufactured from calendered
rolls of PVC sheeting a minimum of 54 inches

wide, specifically compounded for use in hydraulic
facilities and specially resistant to su'furic

274 017
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acid solutions. The sh ting shall be manu-
factured by a reputable, aell known manufacturer
and shall be free of pinholes, undisposed raw
materials, or blisters or other defects.

3. The lining shall be 30 mil (0.030 inch) nominal
thickness. It shall be black to dark gray in
color and of uniform shade throughout.

4. As a minimum, the following ir.tormation shall
be supplied from the lining manufacturer.

a. Manufacturer's name

b. Manufacturer's experience with PVC

c. Width of calendared rolls

d. Physical properties (average value and

standard deviation) of 30 mil PVC listed in
Table 1.

C. Fabricated Lining Requirements

1. The lining shall be fabricated into large
panels by a reputable, well known lining fabricator.

2. The panele shall be as large as practical to
minimize field seaming but not inhibit installation
from excessive panel weight or size.

3. The factory fabrication shall be done under

strict quality control conditions with a seaming
method that produces a sheet tearing bond of at
least 807; sheet strength.

4. As a minimum the following information shall be
supplied from the lining fabricator:

a. Fabricator's Name

b. Fabricator's experience with PVC.

c. Method of Factory Seaming

d. Width of Factory Seam

e. Tear Strenr,th of Factory Seam

f. Physical properties (average and standard [[( }|Qdeviation) of 30 mil PVC listed in Table 1.

11DTXIPilNDIfADNIL'A
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TABLE 1
-

30-mil PVC LIUENG PHYSICAL PROPERTIES
-

PROPERTY UNITS TEST METHOD

Thickness (min. 5 max.) inches ASTM D-1593

Specific Gravity -- ASTM D-792-A

Tensile Strength pounds / inch ASTM D-882, Method A

Maximum Elongation percent ASTM D-882 Method A

Modulus at Max. Elongation pounds / inch ASTM D-882 Method A

Graves Tear pounds ASTM D-1004

Elmendorf Tear grams ASTM D-1922

Cold Crack *F ASTM D-1790

Dimensional Stability percent ASTM D-1204

Water Extraction percent ASTM D-1239

UV Resistance hours --

Volatility percent ASTM D-1203

.
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PART 3 - INSTALLATION REQUIREMENTS

3.01 INSTALLATION SUPERVISOR

A. General

1. A technical represantative from the lining
fabricator or installer shall be present at all
times during the installation of the lining.
The representative shall be experienced in the
proper handling, preparation, and installation
methods for PVC lining.

R. Duties

1. The technical representative shall supervise
all aspects of the lining installation in-
cluding but not limited to, storage, handling,
.;preading, seaming, anchoring and covering.

2. The representative shall provide expert advice
and recommendation to the Engineer concerning
lining subgrade , :aration, and other lining
aspects. Field i: yection of earthwork items

associated with the lining shall be required as
requested by the Engineer.

3.02 LINING SUnGPaDE

A. General

1. The synthetic lining subgrade for fill and

excavated sections shall be prepared or placed
as specified in Section 2, Paragraph 3.09 of
these Specifications.

2. The prepared subgrade surface shall be inspected
by the Engineer and the technical representative
and approved by the Engineer prior to placement
of lining on that surface.

3.03 LINING HANDLING

A. Packaging

1. The fabricated lining panels shall be packaged,
by the fabricator, su h that damage during
shiprent, handling, or storage is prevented.
Pacca;;ing shall prevent damage by any physical,
che.ical, and environmental means. 7f

O c. 0
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B. On-Site Storage

1. The lining shall be stored as necessary such
that damage will not occur.

2. The lining shall be kept at temperatures above
50 F and out of direct sunlight except for
short time periods unless covered by protective
material.

3.04 LINING INSTALLATION

A. General

1. The fabricated lining panels shall be handled
such that no damage to them will occur. The
panele shall be inspected prior to placement
within the cell for damage. Damaged panels
shall not be placed within the c(11.

2. The panels shall be located and distributed

within t'te cell to minimize excessive lining
handling and movement during spreading and
seaming.

3. The lining shall be placed and spread only on
subgrade surfaces that have been inspected and
approved by the Engineer.

4. No lining installation shall be permitted
during cold weather or high winds. No field
seating shall be permitted durinc any precipitation.

B. Field Seams

1. The method and procedure for field seaus joining
factory fabricated lJning panels shall be
specified by the lir.ng installer and approved
by the Engineer.

2. Field seams shall be made only on lining sur-
faces that are cleaned of dirt, dust, moisture,
or other foreign matter. The seaming shall be
made on a firm surface with the lining manu-
facturer's approved adhesive. Adequate adhesive
shall be used to completely seal the edges of
the seam.

3. Seaming when the air temperature is 50 F or
below shall be by special methods and with the
approval of the Engineer only. No seaming [[t!shall be permitted when the air temperature is -

'

below 35 F.
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4. All field seams shall provide a film tearing ]bond of at least 80% of the tear strength of -_
the parent material. All field seams shall be ]inspected and approved by the Engineer. Seams =

not approved shall be repaired to the satis- 2
factitn of the Engineer. [

4
C. Joints to Structures 2

1. Lining joints to structures shall be made wherc _-
indicated on the Drawings.

2. The joints shall be made with the manufac- - Zturer's approved adhesive.
7

-

3. The method of joining shall be supplied by the E
installer and approved by the Engineer. 2

i

D. Anchor Trenches d
1. The lining shall be installed in anthor trenches 'e

as shown on the Drawings. The trench locations
-

,-
'

shall be marked by others. '(_

%
2. The installation of the lining in the anchor d

trenches shall be inspected and approved by the -

Engineer. h
-

3. The trenches shall be backfilled with suitable -

material as specified for t'te lining bedding 5
and compacted as specified for the lining
bedding, i

_

E. Installation Restrictions
__

-

1. No lining panels shall be spread out without =

adequate control for wind.
_

_

2. Lining panels that will not be seamed together
__

during that day's operation shall not be
spread out without prior approval of the

__

Engineer. --

3. No lining shall be spread during high wind 3
conditions or cold weather. -

4. No lining shall be driven upon without the
cover material in place. 5

279 n f. ;o -'
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3.05 LI:;1NG COVER

A. General

1. Lining cover con,tsting of suitable earth

materials from the excavation shall be spread
over the installed lining as shown on the
Drawings.

2. Suitable cover shall consist of soil material
obtained from the excavation. It shall not
contain any pieces over 3 inches in size nor

any sharp, angular pieces or other foreign
objects. It shall meet the requirements of the
earthfill as specified in Section 2, Paragraph
3.04 of these Specifications.

3. The cover shall be placed as soon as practical
over completed areas ,f the lining.

4. The cover shall be a ninimum of 12 inches
compacted thickness on the cell bottoms and 18

inches compacted thickness on the side slopes.

5. The cover shall be spread and compacted by the
earth moving equipment with care to avoid
damagc to the lining.

6. Any damage to the lining shall be repaired
immediately and to the satisf action of t he
Engineer.

PART 4 - DUALITY CONTROL A';D ASSURM;CE

4.01 Ol'ALITY CO:! TROL

A. Linint; Tests

1. Lining tests specified on Table 1 shall be con-

ducged on the fabricated lining for each 250,000
ft." of panel (s) fabricated.

2. The results of these tests shall meet or
exceed the lining specifications supplied by
the manuf acturer and f abricator under Section
3, Paragraph 2.01 or that panel (s) of lining
will be rejected.

3. The test results shall be identified by a q 7 'y n,,
unique designation to the panel (s) from which i t V:.
the tested material was taken.
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4. The test results shall be supplied to the
Engineer prior to the installation of the
lining.

B. Field Seam Testing

1. A sample of the field sean shall be cut from
the installed lining for each 100,000 ft. of
lining installed. The sample shall be test 2d
in=ediately for tear strength as specified in
Table 1.

2. The test results shall be supplied to the
Engineer within 2 days of the test.

3. Any test which does not meet or exceed the
specifications shall result in the area of that
sample being reseamed. Also, additional test
samples for every 50,000 ft.2 of lining installed
shall be taken and tested for tear rtrength as
specified in Table 1.

4. Placement of the lining cover shall not be
delayed awaiting seam test results. Seams
that fail the test will require removal of
the cover to repair.

C. Fabricated Lining Samples

1. The lining fabricator shall supply a sample of
the fabricated lining containing at least one
seam for each 250,000 ft.2 of lining fabricated.

2. The sample shall be at least six foot square
and shall be clearly marked by a unique designation
identifying which panel the sample is from.

4.02 QUALITY ASSUPE CE

A. Lining Guarantee

1. The lining manufacturer shall supply pertinent
information regarding the material guarantee of
its product.

2. The lining fabricator shall supply pertinent
274 02/1

information regarding the material a^A work-
manship guarantee of its product.

3. The lining installer shall supply pertinent
information regarding the workmanship guarantee
of its product.
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B. Test Results

1. All lining tests shall be conducted by a
qualified laboratory or personnel approved by
the Engineer.

2. All test procedures and methods shall be
reported as part of the test result.

3. As a minimum, the test results shall be signed,
dated, and uniquely identified to the linir:g
fron which the test sample was taken.

77104 023
-
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SECTION 4

APFURTENAMT FACILITIES:

' PART 1 - GE:;ERAL

1.01 DESCRIPTIO:'

A. Scope of Work

1. The work covered under this section includes
the furnishing of all labor and materials to
install or complete the following Work items:

Installing the slices pool drain system toa.

the limits as shown on the Drawings.

h. Installing the pipe trenches as shown cn
the Drawings.

Placing riprap as required by the Engineer,c.

d. Applying soil stabilizer to completed excava-
tien and fill slopes as required by the
Enginecr.

- PART 2 - PRODL' CTS

2.01 SLI:'ES POOL DRAIN SYSTEM

A. Dr.:in Pipes

1. The crain pipes shall be polyvinyl chloride
(PVC) plastic pipe in the sizes as shown on the
Drawings. The pipe shall be Schedule 40, PVC
1220 (Type I, Grade 2) according to ASTM 1785

2
or equivalent as approved by the Engineer.

_

2. Slotted lengths of the pipe, as indicated on
; the Drawings, shall be factory slotted with

^

0.040 inch wide slots, on approximately 0.25
inch s; acings along the pipe, in 3 rows equally

- spaced around the pipe circumference.
-

B. Drain Pipe Riser

-

1. The drain pipe riser shall be Driscopipe 7600,
Low Pressure, industrial pipe or equivalent as"

approved by the Engineer. The pipe shall be 24
inch nominal size..

>y,
- G4 026
.

_

DAPIINML4DNILK
-



4-2

C. Drain Filter Material

1 The drain filter material shall be clean, sound
sand meeting the requirements and gradation for
Fine Aggregate in ASTM C 33 with the following
limits:

Sieve Size '! Passine by h'ei ch t

3/8 inch 100
No. .+ 95 ')0
No. 8 80-100
No. 16 50-85
No. 30 25-60
No. 50 10-30
No. 100 2-10

2.02 PIPF g .';CH ES (Details to be supplied by the Owner)

A. Gratinq

1. The pipe trench grating shall be heavy duty
steel grating designed to s. ort the maximum
loading specified by the Eng neer. The width
of the grating shall be specified by the
Engineer.

II . Concrete

1. The pipe trench concrete shall meet the speci-
fications in Paragraph 2.03. Reinforcement,
however, shall be designed depending on the
maximum loading specified by the Engineer.

2.03 CONCRETE A';D REINFORCING STEEL

A. General

1. Concrete, reinforcing steel, forming, pouring,
finishing, and curing for the concrete drain
pipe riser base, pipe trenches, and other mis-

cellanceus items shall confora to the require-
ments set forth herein.

B. 'da t e ria l s_

l. The Portland Cement chall conform to ASTM C-
150-77 specifications for Type V Portland
Cement. The actual mixed proportion of cement,

} / h; h
7

aggregates and water shall Le determined by the
Engineer.
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C. Forming;

R

1. Forms shall be provided that are true, rigid
and thoroughly braced. The forms shall be
:;uf ficiently strong to carry the dead weight of
the concrete without excessive deflection and
tight enough to prevent leakage of mortar
through cracks and joints.

D. Reinforcing Steel

1. Reinforcing steel shall consist of ' o. 4 bars
cont'orming to ASTM soecifications (A 615, A
616, or A 617). All reinforcement shall be
free from heavy rust, grease, dirt, oil or
ocher debris that will interrere with the
concrete to steel bond.

2. The reinforcement shall not have less than 3
inches between it and the outside concrete
surface.

2.04 RIPRAP

A. Materials
;

1. migtap shall consist of fragements of hard,
sound, abrasion resistan' rock. The size

; distribution of the rock fragments shall be
- such that a well-keyed, dense layer of riprap

nay be placed. The maximum size shall be 12-
5 inch diameter. Rock from the excavations may
j be used as approved by the Engineer.
_

_

2.05 SOIL STABILIZER
_

$ A. General

) 1. The soil stabilizer shall be a chemical spray
j soil binder such as Aerospray 70 or 52, or

equivalent as approved by the Eng;ineer.
_

J

PART 3 - CONSTilUCTION REQUIRE"ENTS

_-
-

3.01 _SL1MES POOL DRAIN SYSTEM

\. General

f)/' )Q ]C
4

- 1. The slimes pool drain system shall be installed
to the limits as shown on the Drawings.

IlDTMPPOIIADNILS
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Modifications to the installation may be made
in the field by the Engineer.

2. The system shall be installed only cn completed
cell surfaces that have been inspected and
approved by the Engineer.

B. Drain Pipes

1. The drain pipes shall be installed as shown on
the Drawirgs. The PVC pipes shall be joined
together with an approved adhesive employint;
manufacturer and Engineer approved methods and
procedures. Appropriate fittings, including
end caps and T-sections, shall be used to join
pipe sections together.

2. The drain pipes shall be located on the completed
cell sarface so they will flow to the drain
pipe riser. The filter material shall be
placed, but not compacted, around the slotted
pipes sections as shown on the Drawings.

C. Drain pipe Riser

1. The drain pipe riser shall be installed as
shown on the Drawings. The concrete base shall
be placed according to the specifications in
Paragraph 3.02, Item B of these Specifications.
The riser shall be placed vertically on the
base and the contact area between the riser and
base sealed with an approved scalant or patching
as required.

2. The drain pipes shall be inserted into the
riser by cutting holes in the required locations.
The opening around the installed pipes shall be
closed with an approved sealant or patching as
required.

3. The riser shall be supported in a vertical
position as fill is placed around it. The fill
surface shall be kept at about the same level
around the pipe as the fill is placed to avoid
unequal side loads on the riser. The riser may
be cut into sections to facilitate installation,
with the approval of the Engineer.

( }-)9
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3.02 PIPE TRENCHa

A. General

1. Pipe trenches shall be installed as shown on

the Drawings or as required by the Engineer.

2. The pipe trenches uhall be a maxin.um of 1.5

feet deep as shown on the Drawines, however,
the other design details shall be specified by
the Engineer.

3. Uhere appropriate an additional layer of syn-
thetic linin; shall be placed over the cell
ynthetic lining to protect it fron the

concrete pipe trench.

B. Concrete

1. Placing

Prior to the plac ment of coacrete, the subgrade
shall be thoroughly danpened to prevent the
escape o f c.ois ture from tne concrete into the
subbase. The concrete shall be deposited in
the forms as near to its final position as
pos,1ble. Under no circu.astances shall the
agitation f ro:a the vibrator be used to move

concrete laterally in the form.

Concrete shall be pl: _ed in layers not more
than 2', inches in thickness. Each layer shall

j he thoroughly agituted by a vibrator. The
- vibrator, when used, shall be raised and lowered,

always in a vertical position, and the vibrating
head , hall be allowed to penetrate and vibrate

. the concrete in the upper portion of the ender-
lying layer. At no time shall the vibrator be

permitted to lay in a horizontal position.
- Layers of concrete shall not be placed until

_,
the layers previously placed have been worked
thoroughly as specified.

Concrete shall be protected against adverse
-

weather conditions in accordance with "Recom-
2 tended Practice for Cold Weather Concreting,"
- ACI 306 and "Reconnended Practice for Hot
'

Weather Concretini ,'' ACI 605. Accelerators,
such as calcium chloride, shall not be used

-

unless specifically approved,
- dg4

030
,

,

:
i
.
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2. Curing

After finishing, curing shall be done by xceping
the concrete moist and at a temperature above
50 degrees and below 100 degrees for one week.
Liquid, membrane-forming, curing compounds nay
be used in lieu of moist curing when approved
or directed, and shall be applied to exposed
turfaces of formed concrete and to finished
surfaces at conclusion of finishing.

3. Finishine

Any s:all surface volds which may appear upon
removal of the forms, and holes due to form
ties shall be thorou;;hly cleaned of all loose
or defective material, flushed with water, and
intediately filled with a nonshrink cement
nortar.

Any fins or projections which may occur shall
be removed and the area rubbed smooth and
finished with a wooden float in a neat and
workmanlike manner. Plastering of the surface
with cement grout shall not be permitted. A
smooth finish is of great importance where the
liner is to be sealed against the drain pipe
riser base.

4 Joints

Construction joints shall be located only at
points shown on the Drawings or :- directed or
approved by the Engineer. They shall be so
located as not to impair the strength of the
structure, and so as to least imyair its appearance.
All construction joints shall be keyed.

5. Placement of Reinforcine Steel

Fabrication shall be accurate and to the dimen-
sions specified by the Engineer. Stirrups and
ties shall be bant around a pia having a diameter
at least twice the bar diameter. A] ] oth"-
bars shall be bent around a pin having a c.
of at least six times the diameter of the bar.
All bars shall be bent cold.

274 03;
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The reinforcement shall not have less thin 3
inches of concrete between it and the outside
concrete surface.

All reinforcing shall be frca from heavy rust,
grease, dirt, oil or other debris that will

interfere with the concrete to steel bond.

Iteinforcing steel shall be installed in accordance
with ACI-318-71 Specifications. All bars shall
be lapped a minimum of 24 diameters.

3.03 'll P!! AP

A. Placerent

1. Riprap shall be placed in ditches or other

required by the Engineer. The riprapareas as

shall be placed on a well compacted subgrade.

2. The riprap shall be spread in a single lift.
After placement, the riprapped surface shall
appear well graded with the voids choked with
s aller cobbles and stones. The snaller size
riprap shall be placed against the slope to
avoid migration of fines through the riprap.

3 . 0 '+ SOIL STMILIZER

A. Application

1. The soil stabilizer shall be mixed with water
to a concentration for spray application according
to the manufacturers reco=endations.

2 The stabilizer shall be applied to completed
excavation and fill slopes, to minimize erosion
as directed by the Engineer.

3.05 CLEAS-UP

A. General

1. After the earthwork and construction specified
herei.n is complete, the work area chall be
cleaned up and any excess construction naterials
removed from the site or stored as designated
by the Engineer. Disturbance to tne work area [d 'q

'shall be minimized by removing any excess fill d
or spreading it to maintain a uniform contoured
surface. Haul roads and other disturbed areas

IlD11PIlRCDIfADNILS
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outside the construction limits shall be
regraded and revegetated to minimize surface
disturbance.

274 033
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SECTION 5

GROUNDUATER MONITORING WELLS

PART 1 - CE;EIL\L

1.01 DESCRIPTIO:4

A. Scope of bork

1. The b'ork covered under this section includes
the furnishing of all labor and materials to
install the groundwater monitoring wells shown
on the Drawings and attached Figu w B1-B3,
and as required by the Engineer.

PART 2 - PRODUCTS

2.01 L' ELLS

A. p' ell Pipe

1. b' ell pipe shall be polyvinyl ch!oride (PVC)
plastic pipe in sizes as shown on the Figures.
The pipe shall be Schedule 40, PVC 1220 (Type
I, Grade 2) according to ASTM 1785 or equivalent
as approved by the Engineer.

2. Slotted pipe sections shall be factory produced
with a 0.045 inch slot width, on 0.25 inch
spacings, in 3 fows equally spaced around the
pipe circumference.

PART 3 - I:;STALLATIO:i

3.01 DRILLI:;G

A. General

1. The well locations shall be specified by the
Engineer.

2. The holes shall be drilled with the diameters
shown on the Figures. All drilling shall be
conducted with air, foam, or degradable organic
polymer, drilling mud as approved by the Engineer.

;274 D Y.
,
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3.02 _UELL INSTALLATIO_:i
-

A. General _

i 1. The wells shall be installed as shown on the
,

Figures a' ' under the direction of the Engineer
- or their e.esignated representative.

B. Casing

1. The casing shall be PVC plastic pipe. The
driller shall have approved elevators and slips
nanufactu.2d for use with PVC pipe in the sizes
specified.

2. The casing shall be joined by approved adhesive
and allowed to set for sufficient time to
support the weight of the casing. If scret,

are used for additional support, they shall not
penetrate the interior of the casing. Each
joint shall be inspected b. the Engineer before
lowering into the hole.

C. Fitting

1. Fittings, such 's ceintralizers and cement
b a.u t s shall be attached at locations as
directed by the Engineer. These fittings shall

: be secured so they do not slide on the casing.

D. Gravel Packs

1. Gravel packs shall be installed by pouring at a
. slow rate, as directed by the Engineer, from
i the surface.
-

-

Bentonite Sealsm.

_

l. The annular space shall be sealed by placement
of a sand pad on the cement basket. After
placement of the pad, as directed by the Engineer,

'

bentonite balls shall be placed and compacted
j uith a tamper in lifts no greater than 6 inches.

F. Grout Seals

1. All grout seals shall be neat cement with a

. weight of 15.5 pounds p- gallon. The grout
shall be placed by punping through a tremmie
tube, as approved by the Engineer.

:
>

. 274 035
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G. Protective Pipe

1. The protective pipe shall be installed over the
end of the well casing PVC and cenented into
the surface seal. The pipe shall be fitted
with a locking cap.

3.03 EELL DEVELOP: TENT

A. General

1. The deep monitoring wells shall be air lift
pumped or bailed until the water is clear, as
approved by the Engineer.

) 74 036
4 ~
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