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ABSTRACT

Mining processes and associated regulations for oil shale development in eastern United States
sre discussed with smphasis given to overburden and spent shsle disposal at the mining site. Curves

sre presented which allow for quick determineton of stripping ratios, overburden quentities and oil
shale quantities. Procedures are outlined for deteraining quantities of aateriala to be disposed
and graphs are given for sizing varicue zonee of the disposal eabankment. Thess procedures are

desonstrated with an exanmple.

" Stability of slopes and magnitude of settlemsent are functions of the engineering propsrties of
the eambanknent smaterials. Procedures for obtaining these data are from field exploration and
laboratory tests are given. Soue of these data can be estimated from inexpensive index tests.

Details of excavation, prepsration of embankment foundation, and of construction are given..
Compaction equipmant, procedures, specificstions, and control are all addressed.

Techniques for analyzing the stability of slopes are examined and several exazples are pro~
vided. ‘Finally, procedures for estimating msgnitude and rate of settlement are given. 8ince oil
shale operations are nev to this region, it is recommended that initial enbankment comnsttuction
operations and embankment performance be monitored cloaely. Adjustments based on tbe observed
performance sbould improve the econcmics of the disposal operation.

INTRODUCTION

regulstions dictate that dispossl mmbaniments -

associated with oil ahale operations be. properly
designed. This paper approsches the design pro-
cess of oil shale dispossl eémbankments as they
spply to Castern United States. Bowever, wost of
the datz and exeaples used harein are associated
with the oil shale regions in Xentucky. Yor these
Tegions, stripping rstios are relatively lov and
the preferred method of mining is referred to as
cross-ridge hill top removal. In this process,
top soile and overburdens are removed and the oil
shales unined with the excavation facas kept per—
peudiculer to the axis of the ridse.

The retorting process generates significant
Quantities of weste products which are cslled
Spent sheles. Usually &1l of the spent ehsles can
be deposited on the plateau exposed by the aining
operations. The overburden materials frequently
caz ba used as cover or sncapsulating materials to
prevent contamination of surface sud ground watars
by the spent shales. - Depending on 1loecal
topography and stripping ratios, sose of the over-
turden gaterials may have to be disposed elsevhere

such 88 in haad-of-the-hollow £ills or valley .

£i111s. This paper will ocunly eddress tha ditpqui
of epent shsles and overburden materials on the

ons, and = surface exposed by the mining operations.

Information on mining processes in tbis 7Te-
gion has been covered by a mumher of recent papers

" (1)1, (2), (3). Extensive tast data on oil abales

were reported by Townsend and Peterson (4). Typi-

‘cal data wused in the axamples are taken from

Draoevich, et al. (5), which is based on- work
reported in (6). The design procedures developed
herein are done 8o with consideration given to

regulations (7) and are based on significant «x-

perience in highway engineering in these regioms.
At the outset, it ig§ recognized that each site has

- unique characteristics and that mining and re=

torting processes can differ widely; hence, the
design of disposal emdankments at oneb site should
consider tbuc as well. :

ucuur:ong FOR DISPOSAL EMBANKMENTS

The primary purpose of rcﬁulntiou is to

‘@inimize tbe adverse effects of oil uhllc opera~

1. The numbers in unnthun 1dentuy references
tn Appemnx !.



runoff or chamne

tions on persons and the environszent. Typical
regulations related to the topic of this peper
usually require thet waste ia placed in a
controlled manner to ensure: &) That leachate and
surface runoff from the disposal aite will wot
degrade surface or ground wvater or exceed effluent
limitationa; b) That the area deaignated es the
disposal site 1is auitable for reclamation and
revegetation; and c) That the waste is compacted
snd covered to prevent combustion and the
probsbility of particulatea becoming windborne
(7). Acid-forming or toxic-forming materials muat
be covered with a minimur thickness of nontoxic,
nonacid-foruing materisl. In some cases, imperm-
.ssble liners may be required to encapaulate the
vaste uaterial. For some locations, only .the
spent ashale is toxic or acid forming wheress in
othera, scme of the overburdens that sre removed
in the mining process also may need to be covered
with aimilar minimua thickness layers of nontoxic-
foruing and nonacid-forming materiale.

Original top aoil must be atripped off and
atockpiled until {t can be replaced on the coo~
pleted f£11l. The £ill itself usually must be
enginsered and conatructed to be stable and not
have any depresaions. The plecement of the

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ e BACEELAL 40— the £111ls uust-be-$n-lifts-and -mon=-

itoring of the £fill placeaent usually is required.
Pinal grading must be done to control surface
t to retention areas designed
to accommodate & lOO-ynr. 24=~hour or larger
precipitation event.

TYP1CAL DISPOSAL CONFIGURATIONS

Selection of a diaposal counfiguration depends
. on: the oature of the mining operation, the mature
of the retorting operation, the atripping ratio,
the engineering characteristics of the materials
to be disposed, and regulations that apply. The

.configuration of the disposal embankment wmay be
syzmetrical or nonsymaetrical. Quite frequently,
s 'portion of the excavated surface will be needed
s 8. haul road for tbe durstion of the mining
operation. This plus the aconomica of materisl
handling often will make & nonsymmetrical
eabanksent cross section more desirable. Sonsy=
© metrical emban nts require more effort in deaign
and anslysis because slope atability and eettle-
»ent __Mgftm_nm_nu_nm

A typical aymsetrical configuration is shown
in PFig. 1 and unsymmatrical configurations are
shown in Pigs. 2, 3, and 4. Most of the dimen-
sions in tha configurations will vary with
location, atripping ratio, etc. The utsynmmetrical
enbankments may facilitate the handling of surface
water at the aite and also may allovw a portion of
the excavated surface to be used for haul roads
while the remaining portion is ueed for wmaterial
disposal. When mining ia completed along & given
ridge, the remaining part of the eabanknent may be
completed. Materiasl for complation may be ob-
tained froo temporary stockpilea or may come from
the mining operation at a nesrby ridge.

SUGGESTED DESIGN PROCEDURES
Establishing ldealized Crosa Sections

Site geometry, material quantitiea, regula-
tions, and mining methods must be considered- when
choosing a configuration for the disposal ez
banknent. Consider the site geometry shown in
Pig. 5. This is an idealized crosa section of a

os Cover
fipant To H

Figure 1. Syaumetrical Coafiguration of 01il.
Shale Disposal Embatiment (not to
scale).

Ovcrl_wrun

Top Soll

i
et

Figure 2. Unsyspetrical Configuration of 011
~Shale Disposal Zabankment to
Control Surface Draicage (not to
scale).

enbanknent to ‘the other.

Materials are plnccd in nbanhonu. in oves.
At laast five different sonas may bs used. Those
considered herein are: top soil, unprocessed Over-
burden, processed mrburdcn. waste shale, and
_spent shale.

: Processed overburdan refers to overburden

that  haa besn processed by erushing or by beicg
treated  with additivea a0 that it has specisl
enginesring properties when placed in the eo-
bankmant (e.g., high shear atrength or very low
" permesbility). Obvicusly, zones containing these
matsriala should be kept very small. WVaate shale
refers to the portion of the oil bearing shale
that 1s not retorted due to not meeting apecifica-
. tions for the retorting process. Spent shale is
the by-product of the retorting procesa. It is
this material that generally has undesirable
cheaical characteriatics and must be isolated from
snrface end ground water aystese.

 Overburden
Top Soil

Figure 3. Unsyametrical Configuration of 011
Shale Disposal Embankmant to more
Economicelly Accommodate Mining
Methods (not to scale).

Processsd
Ovsrburden

/]

figure 4. Unsysaetrical Configuration of 011
- Shale Disposal Eabankment to Accom—

sodate Mining Process and Hinimize

Quantities of Processed Overburden.

Unprocessed
Owvarburden

Top Seil

verburden

et -l Tomporory Storage
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rigure 5. Idealized Cross -Section of Ridge Top.
ridge top. This cross aection may be used to

sisulate sctual cross sections by the selection of
parameters such that areas of the two materials in

.the sctual cross aection are approximately egual

to the respective two areas in the ideslized cross
section.

Determination of Stripping Ratios and
Areas of Cross Sections

Once the parameters of the idealized croas
section are defined, unitless ratios, B./H,, and

B B/ sre-caleulst -+ Thewe Tatlios w8y be used in

7ig. 6 to determine the atripping ratio essociated
vith that cross section, To use ¥i

the botton with the ratio A/H,, and go wertically
to the line aasociated with the ratio B./H,.
Interpolation may ba Decessary. PFinally, go
laterally to obtain the stripping ratio directly.
This figure givas atripping ratios for values of
slope (horizontal to vertical), S, between 2 and
3'

The unitlass ratios slso may be uaad to de-
teraine the araas of the overburden and oil sahale
{n the cross section. Use ?ig. 7a 4if the slope ia

nter at

loo-; l t L4 Tl(l“ - ‘ T 0 "'ll'l‘
L 25Siopes 3 3
50.: £ 9i0pe g
- 20
10. b 3.
2 sof -
« = -
[-J - r -
[
e 20¢ i
£
[ ]
10 -
- F a
os| -
r - -
0.2 -
0.1 2 1 1l | 3 |I_.nn
0 20 S50 10 20, 80 100
D H/Hg,
Pigure 6.  Stripping Rstio of Idealized Croes

© 'Seeccion. -

2, Mg. 7b 4f the slope is 2.5, or Pig. 7c if the
alope 18 3. To use tbeae figurea, enter at the
bottom with the ratio, H/H,,, and go vertically to
the daashed line aasociated with the ratio, B¢/l,,,
and then go horizontally to the right to get tﬁe

1000 ~ 1000
Soo 500
200 200
100 4100
3
Soe 1 Aw
m - Holl
AMAAA_W“”“‘i"ak ----------- : to
5 I
2 -2
| Lo Ligvel bl bl a1 I
! 2 5 1o 2o 50 100
HiHgy

Figura 7a. Areaa of 0il Shale and Overburden
for Side Slopas of 2 Horizontal to
1 Vertical.
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=r~T1-rTr} 1000

- 800

[ ERTT]
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H..i Hoe®
- 20
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s
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] : |
i 2 L) 100 20 50 00
. ' H/Hgy
Pigure 7b. Areae of Oil Shale end Overburden

for Side Slopes of 2.5 Horizontsl
to 1 Vcrt;'cal. .




.given site.

Messurenents from core samples or in plesce density
teste should be uvsed to astsblish values for s
In lieu of sctual wmessurements, s
conesrvative valus of 125 pcf (20 kN/®3) may be
used for preliminary astimates.

Zstimating Quentities of Matariasls
for Disposal

Quantities of wmaterials for dispossl in
eshanknents slso can be astablished if sppropriste
volume change fsctors (soaetimes ceslled swell
fsctors) are spplied. For the overburden ma-
terials, this fector is dependent on: the nsture
of the overburden material; the excsvstion and
bandling procedures; types of processing (if
done); the techniques of placesment and compaction;
snd anount of settlement that takss plsce in the
compscted msterial due to degrsdation and stress
imposed from overlying msterisla. Fsctors cen
range from less than ]l to as much ss l.4 or wore.
Pactors for a given site should be established

aignificently affect the aconmomics of the opera-
tion. High fectors mean that much of the overbur-

ssrly—in—the-plenning phases—b these —cen-

1000 1000
4
500 500
-
200 =1 200
100 = -1100
50 <30
Los 1 e
Hos? Hoyt
20 - 20
{0 =110
3
5 -15
2 -1 2
= -
t J | 1 [INETL ! (I BRI |
| 2 5 o 20 50 100
H/M,,
Pigure 7c. Aress of 0i] Shale snd Overburden

for Side Slopes of 3.0 Horizontal
to 1 Verticel.

retio, Ape/(Bog)2. The ares of oil shale in the
cross section is obtained by wmultiplying this
- retio by 89.2. In a ainilar fashion, 1if in going
vertically to ths solid curves in thase figures
snd then going to the left, the ratio sssociated
vith the ares of the overburden, Agp/(Bog)2 1s
obtained. The srea of the overburdem for the
cross section {is obtsinad by wmultiplying this
retio by the !‘.z.

Determination of Material Quantitias

den will have to be disposed of in head-of-the-
hollow or velley fills. Detalls for determining
these fsctors are given in the section on settle-
ment. For preliminery estimstes, a value of 1.25
is recoumended for the volume change fsctor for
overburden materisls.

For the oil shalas, volume incresse tskes
plece during mining but weight and volume decresse
takes place during the ratorting process. In
addition to the factors which control volume
change for the ovarburdens, the nature of the
retorting process sleso significantly affects the
volune change factor for oil shalas. Actual fsc-
tors for use at & given site must be detaramined
from density messurements insitu before mining and
fronm density messuresents mada in compscted spent
shale embankments. Adjustments for these must be
made to account for the loss of materials (mostly
oils) in the ratorting process and for settlement.
These voluae change factors msy range from less
than 1 to 1.5 with a value of 1.2 suggested for

Quentitias of overburden and oil shale may be
esteblished if cross sections at various distances
along the ridge are ssteblished. . Quantitias of
msterisl between each two cross sactions can be
deterzined by tha average and ares method,

¥V &= 0.5(A) + AM(L/K) {1)

wberet- A} and Az are the respective areas at
adjscent cross sections; L is the distance along
the ridge betwesn. cross sections; and X is &
factor to vconvert units (K = 27 for V 4m cubic
yards from A in square feet a8d L in feet, K= ]
for V ia cubic metars froe A in aqusrs metars énd
L in meters).

Quantities determined above may be used di-
tectly 4in plenning an o0il shale operation.
Voluaes of oil shale may be convertad to weights
by wmultiplying the volumes by the unit weight of
the o4l shale in plesce. Values for these range
from 120 pef (19 kN/m3) to 160 pef (25.5 kn/m3).

. needed are the elopes st which the

use in prelininary gstimates

Sizing the Spent Shale Embankment

Once the disposal quantities of spent shale
are known, then the cross-sectional ares of the
spent shale at each ssction along the axis of the
ridge can be determined. This is easily obtained

. by multiplying the oil shale cross-sectional sres
. (detarmined by use of Pig.

7) by the sppropriate
volume change factor ss discusaed above. Next,
the base width, By, of the spent shale disposal
embsnkment must be choasn. This diwension must be
less than the base width left by the mining pro=
cass. - In typical operations, it will be signifi-
cantly less because of the space needed for haul
roads and cover materials. The last parameters
spent shale
embankment will be placed. ' Because the spent
shale vill alweys be covered with other materisls,
these slopes may be quite steep. Further, the

slopse on one side of the croas ssction may be-

different from that on the other side. The notse-~
tion with eizing & cross section is given in Pig.
8. If different alopes sre used oz sach side,

calculate so aversge slope from -



Says® 0.5(5 ¢5,)

Pigure 8. Notation for Determining Dimenaions

of Trapezoidal Croes Section.

Save ™ 0.5(5 + Sg) (2)

vhete 5& and Sp are the slopes of the left and
right sides, respectively. .

The ‘spent shsle croas-sectional area is then
sotwelized by dividing it by the equare of the
base width. Pigure 9 can then be used to deter-
aise the normalized height of the spent shale
cross section. To use this figure, enter at the
bottow vith the normalized. speat -shalearea-and §6~

“wertically to the curve associated with the ave-
tage slope value, S,yc, ond then go ho

’ n norcalized spent shale
cross section height. The actual height 1s ob-
tained by multiplying the normalized height by the
base width, By,

The dukcd lina 8n Fig. 9 repreecents the
mximms normslized height of an embanksent with
chosen values of base width, cross-sectional area
ead slopes. At these heights, an embaukmant will
Mve o ridge rather than a flat surface. Should
the haight determined be auch that a flat aurface
sxists, the width of the flat surface csn be
Goternined by use of Pig. 10 where a Bormalized
t% width, B3,/B}, i{s obtained. The top width ia

halned by multiplying this normalized value - by
the base vidth, By. ' : '

1.0

0.8

o.e -]
[ 1)
8y

0.4 -

02 40\ 2.0 20 |

o i | 1 1
o - .08 .10 0.i8 0,20 0.25
H/B,

Pigure 10. Relation of Top Width to Bottom

Width of Trapezoidal Cross Section
for Given Haight and Average Slope

Covering the Spent Shale

Good engineering practice and most
regulations require that spent ahale enbankments
be covered with mnontoxic- and nonacid-forming
material having a specified minimun thickness.
Tvo schemes for this cover are shown in Pig. 11
where in part a) the spent shale esbankrment {8
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5. Beigbt of Trapezoidal Cross Sec~
tions for Given Aress and Average.

Slopes (See Pigure 8 for Notation).' B
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. petely Surrounding Central Area.
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completely encapsulated, while 4in part b) the

cover is only on the top three sides. The base
vidth required can be deteruined froa
By = (Bplgp + 4HeSpvg 3

for cospletely sncapsulated spent shale and

= (Ib)"‘ + 28.5,vp )

for cover only on the top three aides. In both of
.these equations, (Bp)ge is the base width of the
spent shale croas saction.

The cross-sectional serea of the cover
msterial is deternined by use of Fig. 12 where the
upper curve corresponds to the case where the
spent shale embankoent is completely surrounded by
the cover and the lower curve correspoads to the
csse where the cover only is located on the top
three sides. The use of this figure is eimilar to
the previous figures vhere normaliged paranetere
ste used.

$izing the Embankment for Overburden Dupoul

the same poiant on the dasbed line will give the
noruslized total area of the cross section. This
is converted to total area of the section by
w.lt!.plytng by the equare of the base width,
"(3y)2. The resulting sres includes the area of
the spent shale and the area of tha cover. To get
the cross-sectionxl area associatad with
overburden, tbese other areas must be subtracted
froo the totsl cross—sectional area:

Agverburden ® Atot = Ags = Acover , ()

Quantity of Excess Overburden

The totsl quantity of overburden to be dis-
posed of equsls the quantity determined from the
original cross sections wultiplied by the volume
change factor for this material. These volumes
are proportional to the individual cross-sectional
areas (see Eq. (1)), Consequently, these aress
multiplied by the appropriste volume change fac-
tors will provide volunes per unit length (areas)
of material to be disposed. The volume of over—
burden material to be disposed of eleevhere
(excsss overburden) per unit length along the axis
of the r:ldge can bc dlnnimd fro-

(ucept for top soil rtphceunt) can be used for Agxcess ™ X VCFop = Agyerburden — (6 ———
the disposa den. The base—widthof ¢l

wmbankment is wusually the overall width of the
wrface left in' the nining operation unleas it is
desfired to leave s bench or acceea road. The
slopes of the ambankment usually are sslected aa
steep 8¢ possible and atill maintain adequate
stability. In practice, trisl values of elope are
salected, stability enalyses are performed, and
the slopes revissd as necessary. Figures 8, 9,
ead 10 slso apply to this aituation. For maximum
ovgrdburden disposal with s given avarage slope,
we the dashed 1ine in Fig. 9. Going horizontally
e the left from the wvalua of the alope on the
dasbed 1ine will give the normalized height of the
tatal embankment. Going vertically downvard from
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Nsterials for Trapegoidal Cross Sec-
Clong (See Figure 11 for lotl:iou).

. Figure 13.

where VCF,p, fa the volume change factor for the
overburdan end Ajyerpurden 18 obtained from Eq. 3.

Quantities of Top Soil

The quantity of top eoil associsted with a
given cross saction may be obtained by referenca
to Pig. 11 b) end use of tbe lower curve in Pig.
12, The procedure is idanticsl to that for deter~
mining cover for tbe spent ahsle.

Example Probles

_Lat a given croes section dbe repruennd by
the idealized cross section sa shown in Fig. 13.
Values of R, B, and H,, are determinsd froa field
surveys and subsurface exploration. The width of
the hase, By, is determined from

B _ n.,-zn‘s-n-:t._" . n

For this cross section, B, is 2600 ft. Next, the
oormaliged parasetera, Hjﬂﬂ = & and By/Eog = 10
are determined. The slope in this example is 2.5
borizontal to 1 vertical. Use of Fig. 6 gives a
stripping ratio of 1.9 for this cross section.
Froo Pig. 7 b), Agp/(Bgg)? equal to 56. Mulei-

t--:l 8, .Nllo‘.-!(3loll !BOOOOIZQOO'L

Exsmple Problu of en Idealized Ori-
. ginal Cross Section of 011 Shllc and
" Overburden.




plying this normslized area by H,,2 gives a croes
sectional area for the overburden, Ay, of 358,400
£t2, Also from Fige 7 b), Ayy/(Hge)2 equal to
27,5 and this yields a cross-eectional area of oil
shals equal to 176,000 f£t2,

A croses section for diapossl of wmeterials st
this sanme otation is given in Pig. 1l4. The hase
vidth of the spent ahale portion of the embanikment
of 2000 ft and slopes of 2 horizontal to 1
vertical were arbitrarily chosen. The cross sec~
tional ares of the spent shale is datermined by
multiplying the cross-sectional ares of the raw
shale by the volume change factor that accounts
for the aining and retorting procasses and for
settlement due to its own weight. For this
exanple, essume 1.2 for the volume change factor.
The spent shale cross sectional area becones
211,200 f£t2 (176,000 ft2 x 1.2). Rormalize this
ares by dividing it by By2 to get 0.0528. Prom
Fig. 9, H/By equale 0.06. Multiplying this by Hy
gives a height of 120 ft for the spent shale
eabsnkment height. By use of Fig. 10 with H/By
equal to 0.06 and Spy; equal to 2, B./B, aquals
0.76 froz which it cen be detersiced that B,
squals 1520 ft. )

Next, cover requirsments are considered. Let

the thickness of cover be & ft and assuae that the

spent shsle easbankaent will be coapletely ancap-
sulated vith this cover. By Fig. 11 e), B equals
Y+ Use Fig. 12 to ge
cross-sectional area of the cover required. BEnter
vith Bp/B. equal to 508 (2032/4) and go to the
upper line to get Aclncz of 1008, Multiplying
this by B.2 gives 16,128 £ft2 for the cover cross-
sectional area.

The overburden 1s coneidered mext. If a
valuse change factor of 1.25 is sssumed to apply,
then the erea of the overburden to be disposed is
358,400 £t2 multiplied by 1.25 which gives 448,000
ft2. The base width for the entire disposal ex—
bankaent is assumed to be the saae as the original
cross-aectional width, 2600 ft. Alao, assume
trial wvelues of slope equal to 3 horizontal to 1
vertical. Before Fig. 9 can be used to deterwioe
the embankaent height, the total embenkment cross
sectional area must be determined. This is calcu~
lated by use of Bq. 5 solved for Aggee

Agot ™ Aovarburden + Agg + Acover R )

‘bave to be diaposed elsevhere.

659,200 £t2, To use Fig. 9 e normalized area must
be calculated and the value for this ezample be-
comes 659,200/(2600)2 = 0.114. Upon entering Fig.
9 it 4 found that the slopes would have to be
about 2.2 borizontal to 1 vertical to accommodate
this quantity of overburden. These are far
stesper than the 3.0 borizontal to 1 vertical
assused and wmost likely would not esatisfy
otability criteria. Hence, not all the overburden
can be disposed at the mining site and some will
To determine this
quantity, use the dashed line in Fig. 9 and the
assumed alope of 3. Starting again on the dashed
line in Pig. 9 at the slope of 3 and going
vertically downward gives & normalized cross-
sectional area of 0.083 which corresponds to totsl
cro;o aectional ares of 478,080 £t2 (0.083 x (2400
fr)é).

Going horizontally gives a normalized embank-
ment height of 0.167 which corresponds to a height
of 400 ft when this normalized height is wulti-
plied by the base width (2400 ft for this case).

Since the ares associated with disposal of
spent shele is known (211,200 £t2), the quantity
of overburden that can be disposed of in the
exbsnknent can be determined by use of Zg. 5 which

for this exsmple gives 266,880 f£t2. Thus, for

this croas section, a quantity of overburden
corresponding to 448,000 f£tZ minus 266,880 ft2

* .
Total quantities to be disposed elsewbhere would be
obtained by using the excess areas for each cross
aection in the average end srea method (Eq. 1).
~1f the slope of the embankment were ateepened
to 2.5 horizontal to 1 vertical and the calcula-
tions above vere repeated, the embankmant would be
480 ft high end an excess ares of overburden of
83,200 ft2 would atill exist. . '
Pinally, the quantity of top soil needed to
cover the embankment can be obtained by use of
fig. 11 b) end the lowver line in Pig., 12. 1f a
thickoess of top soil of one foot is assuned, the
normalized base vidth becomes 2400 ft divided by 1
foot which equals 2400. This 1s off the scale in
Fig. 12 and the equation for the lowver curve cen
be used to give the cross sectional ares of the

top soil which comes out to be 2397 ft2, .

DETERMINATION OF MATERIAL PROPERTIES
Site Bploration ' '

——For thisexanple,

Acor = 448,000£t2 + 211,200£t2 + 16,128f¢2

- 675,328 ft2,
If the overburden material can be used for the
cover (special processing and plscenent ®may be

required), tban the A¢qe sy be reduced by Acgyer
(16,128 £t2 in this-exammple) and Apo¢ Tuduces to

‘'should be
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Pigure 4. Ezampla P'ioblﬁ of a Diaposel E=—-
- beulmsnt Cross Section. ‘
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A well planned and executed site exploration
program wvill be invaluable for esteblishing the
economics of potential mining aites. This program
site sepecific and be performed by
experienced geotachnical enginsers and engineering
geologists. 1o addition to establishing the stra-
tigraphy at various locations, the prograa also
should be designed to include some insitu testing
and to procure samples for laboratory tests.

The wost important insitu tests sre assoc-
iated vith ground wster location and permeahility
of etrata. If the overburden materials and oil
shales are relatively soft, tests auch as the
atandard peaetration test (8) may be quite helpful
in planning excavation sethods. Frequently, seia-
wic refrection dsta ars used to identify layering
:nd give information on difficulty of excavation

9). ’ .

Bore holes should be carried well into the
strata below the oil bearing ahales because these
lower etrata have an influence on the behavior of
the disposel e=bsnkaents that replace the mined
satsrisla. T .



‘or 4intact cores is required.

inzludaes

Lsboratory Testing

Recent reesarch (4, S, 6) has shovn that
eimple index taats carried out in the leboratory
csn 80 far toward establishing ths suitability of
disposal embankmant schenes. Specificslly, it is
d{aportaat to estshlish the natural moisturs con~
tent of cors samples from all levels in the
stratua. PFor shales, the natursl soisturs content
has correlated with shale durability (10). The
econoomice of o0il ehala operations are related
closely to the volume change factors associated
with both the overburdens and the oil shales. To
establish the volume change factors, asccurats
asssurements of deneity on undisturbed apecimans
Since some ehalas
degrade quickly when unstressed or subjected to an
egviromental change, the measurements of moisturas
contsnt end density should de made very gquickly
(vithin & few days at most) after the sampla or
core has been obtained.

The simple tasts needed to classify materizls
from esch estratur sbould be performed. Thess
_specific  gravicty, | particle=aize

———————f$everal —other simpla tusty ars raquired.

¢istribucion, aod Atterberg limits. lpaciuu-
tiona for thess are available in ASTM (8).

Interpretation of Data and Sglection of Dasign
Parameters

Haterials 4in & given deposit can b wvery
complicated and abowv significant veriation froa
ote location to another. For this reason, suffi-
cfent boriogs and semples must be studiad to
setablish vanges in valuee. Recently, probabilis-
tic wmethods ere baing used to guide in pleaning
subsurfacs exploration and laboratory testing.
tbess mathods are mot nsed, then the program must
be based on experience and judgement with @
conservative intarpretation of parameters.

It aleo is important to compare teet results
with published values on eimiler materials. The
indeéx tasts and classification of materials are
used to accoaplish this. For some of the oil
shale ragions of Kentucky, work by Drmevich, st
al. (6) should be quite useful. Their rssults may
be epplicable to other regions but local corrala-
tions must firet be established.

All tests sssociated with subsurface sxplore-
tion and laboratory testing hsve their liaits-
tions. Reeults from thass tests, at beat, cen

—e-glve—-good---estinatas-of —eubanknent - perforusnce:

The design-construction process would be incos—

plete if soms monitoring and evaluation of embank=-

These
daclude the coepaction teat (8) end the eleke
durabilicy ctest. (11,12). The former gives
prelininary dinformation on f£insl in-place density
so that volume change factors can be estimated end
both give 1n£omt£on on the durability of the
saterials.

If 4t 4s desired to utilize some of the
overburden materials for ancepsulating or covering
epent shale, then permasbility teests on compacted
specinens of thie material sre required. If pera—
eability levels are too high, eome processing of
the material (crushing, application of edaixtures,
atc.) may be required to reduce ths pcmohuu:y
to lecepnhh levals.

‘Good enginseriog and most regulations Faquire
that stability and settlement soalysas De
perforued on proposed eabankments before complat=~
ing their design. 8tebility analyzes require:
materisl unit weights, ebear etrength paremeters,

inforuation. Unit weights can be estimsted from
the cospsction data. Pravious studies (4, 5, 6)
dave shown that drained triaxial coapression tesste
give shear strength parsmeters, ¢’ and ¢°, with
Teagonable accuracy. Most pore water pressure
problens in embankments of this nature arise froes
stresses from overlying materiale applied to soils
baving high initial woisturs contants, very low
permesbility, and wvery great thickness or both.
Aa experfenced geotachnicel enginser should be
able to recognize the situations where this is
likely - to happen and to edvise courses of actien
to maintain adequats stebility 4{n the ‘embenkments
uhtil these pressures dissipate.

For asttlesent estiwstes, usually one
disensionzl secalyses are ueed. One=dimensional
compression tests can easily be coaducted in the
laboratory to give one—dimensiounsl stress-strein
data for compacted wateriale. If the materiale
ere reletively fras draining end ere likely to
dagrede with wetting end etress applicstion, e
simple one- dimensionzl test (6) that gives

‘strecg=strein and behavior is ueo-.ndo#.

- tion,

ment performauce wers not schedulad. TPor example,
consider in-place densitfas of the overburden
material in the diepossl embankment. The excava-
trapsport, Pplacesent, end compaction
processas ®mey producs siguificently different in
place densitjes than were predicted froo
laboratory compaction tests on samples gsthered
from borings or test pita. This could have a.far
resching effect on volume changs factors and quan-
tities of wmaterials to be disposed elsavhere.
Some relacively emall effort epent om conmetruction
sonitoring end in-place testing could provide
aignificant savings.

- FLACEMENT OF MATERIALS

To obtain a stable disposal eabaniment -and
coaply with regulstions, placesent of wmatsrials
generatad from oil shale mining operations will
require proper attention to the following factors:

tion
2. Excevation procuiuru.
3. Preparation of tha foundstion,
4. Sequsnce of coastructing disposal

embankments, .
equipment and

* 5+ Compaction
- procesdures,
6. Compaction epecifications, centrol
and monitoring, and
7. Pinal closurs and' reclsastion.

Site Preperation

8ite preparation for the surface ®ining ‘of
esatern oil sbals suteils the folloving: diversion
of runoff from the ®ine area; clearing :of
vegecation from the eite before the eswoval :of
topsoil; coastruction of accass roads; and
installation of power snd coamunication lines.

Divaraion of runoff water should be deaigned

"to keep as such witer as possible fro® entering’

the exposed mine face. Hater which leaves :the
@ine sres should be diverted 0 & sedimentation
poM.



Clesring of vegetstion from ths stripping
area should be performed in a staged operation so
that large ereas of exposed topsoil will be
svoided. In addition, the burning of any clearsd
vegetation, if permitted, ashould be monitored
closely.

Possibly the most important sapact of aite
preparation 4s the construction of access toads
snd the installation of utility lines. The roads
should be conatructed to give the beat covsrage of
the site yet be sasy to msintain. Access roads
for the crose-ridge snd hill-top removel mathod of
sining will nesd to be continuously lengthened as
the operation progresses.

gxcevation Techniquas

Both blesting snd ripping techniques may be
use to excavate the overburden materials and oil
shalss. Consider the Bedford and Borden materials
io EZastern Kentucky. According to previous
studies, these are clayey shales and the prospect
exists thst these might be rippabls. Thsse shalss
are apoken of as heing "soil-like" materials (13)

s level foundation isg most
Consequently, little prep-

top removal operation,
likely to bs created.

aration of the foundation may be required.
Bowever, 4f sespage oOr springs ere present,
drainage blevkets or drains may be re-
qur.‘.

Sequence of Constructing 041l Shale Dispossl
Eabankmants

Tue ssquence of construction of the oil shale
disposal eabankments will depend on the selected
ssthod of mining and removal of the overburden
materisls and oil shales. Synmetrical and
unsyzastrical dispossl eabankment configurations
which are envisioned snd may De used are shown in
Pigures 1 through 4, In each of the figures, the
spent shale is ancepsuleted with wazste overburden
materisls. In Kentucky, the Borden and Bedford
shales, found as overburdens, can be used. These
shales are non-toxic and mov-scid forming (14).
Previous permeability atudies (6) show that when
the DBDorden end JBedford shalss are broken—down aad
compacted to fairly high values of <relstive

since ~ thaly T Elske T durability walusd ere
spproxisately 42 parcent. Additiooally, thet®a

exposed to vatar. Hovever, additional information
such @as jointing characteristics, bedding
orientation, rock hardness, end seismic velocities
are ‘needsd to fully assess the rippability of
these materials at & particular site. Moreover,
the rippability of these materials can beat be
deterainad by parforuing actual field tests (9) to
assess ripping feasibility and acoovoaics.
Drilling and blasting ere the most likaly
. seany of excavating oil shales. Slake durability
indices of the oil shales essociated with Raastern
Esntucky are in excess of 95 I (6) and rippability
of thase matarisls is marginal at best. 1In fact,
these o041l ashalea are among tha hardest shales
found in the eastarn formations and 4o Ksatucky
(10) and are cheracterized as "rock-like.” Since
the oil shalas are vary likely to require drilling
end blaating to exeavate, and drilling equipment
vill be required st s particular aite, ghen
drilling and blasting probably will be the most
sconcmizal maans of excavating both the oil shales
snd overburden materiala.

compaction "(ratio of sctual dry density of a
materiasl to the msximus dry density of the

umim_llm_mhmum_mumd;—uhnngn:c:m_abumwu

coefficiant of permeability is lass than .1x10~7
centimater per sacond. Materials having
cosfficients of parmeability of equal to or less
than 1x10~/ centimeter per sacond can be cless-
ified as “practically impersesble (15)".

Based on Kentucky oil shale regulations (7),
the mninimum thickness of the encapsulating leyer
is four feet as ehown in Pigures ] through &é. The
four-foot cover (ainiwum) does wot $nclude the
topsoil requiresent. The degrse of compaction of
the four-foot thick layer formad of Borden and
Besdford shales which may be raquired to make the

.leyar impermeable will partly dapend on whether

the retorting proceas produces toxic~ orfand acid~
forming material. 1If the retorting process pro~
duces eithar type &f material, than the epent
shale should probably be encapsulated with an
impermesble leyer which would retard 4nflow of
water and outflow of pollutants. The regulations
do not becessarily apecify that the airiatn four-
foot layer be made Sapermesble. Rather the
regulations atate that “all acid-forminmg or toxic-

Preparation of the Foundation

A major considerstion in construction of the
disposal wmbariment is proper preparation of the
disposal foundation. 1If the dispossl embanikment
is loceted on & sloping foundetion, then an impor~
tant aepect of foundation preparation is ksying,
or benching, the embenkmant into the aloping
ground and installing dreinags on the benches to
intercept potentisl subsurface ground wmmtar (13).
Use of eound, durable and free dreining pock
bhaving 0o more than 10 2 to 15 X fine matarial to
form the drainage layer is sssential. The thick-
ness of the drainsge layer oo the benches should
bes approzimstely 2 to & feet. In certsin csases,
filter fabric ecan be used vhere graded filcers
uight be required. #Sench width oormally will be
diccated by the widths of the construction equip~
ment (12 £t to 15 £t)o If the aloping ground s
fairly steep, then it sy bs necessary to oss @

rock berm, or buttress at the tos of the £ill..

Such a requiresent would have to be determined

from a nlope_ stability analysis. Ia the sountaie- -

forming materiasle that are exposed, nsed, or
produced during oil shale operations ehall be
covared with g ainiwum of four (4) feet of non~-
toxic and mov~acid forming materisl.

Covering the material with an impermesble
l1iver(e) may bes required by the Depertsent.” The
reguletions also setste that "In addition, the
Departmant =8y require - an impermeable cover
between the final layer of epent shale and the (4)
feet of oontoxie- and monscid-forming material.”
Hence, materials other than soil could be used to
form the impermesdle layer, provided such s layer
’.. t.quir.d- . -

Although euch’ nnruh as synthatic mem—
brenss, .aesphaltic ecaucrete, ssphalt, and concrete
could be used, compacted soils probably offer by
far the longest service life of any of the above
materfisls: 7Por ezample, field experience vwith
syethetic w@embransa does ©vot extead beyond
approximately 25 yesre (16,17). The earvice life
of aspbalt £s thought to be oz the order of about
40 yeare (18)., Use of concrste as & liner or top
cap is severely limited becauee of cracks that wmay
develop during curing end when settlement occurs.
The coste of asphaltic eoncrste, syathetic



msterisls, and concrete also would be lsrge.

Since large volumea of the Borden and Bedford
will generally be aveilable and muat he wasted,
then froe a stsndpoint of economica, thase shales
offer the most logical choice of materials for use
in constructing an iapermesble 1liner when
requireds Compscted soil appears to be the best
usterial to use in constructing hydraulic barriers
with design 1livea on the order of 100 or wmore
years. Compacted soil is ralatively inexpensive,
is resistant to chemical sttacks and has a long
service 1life. Por instsnce, a properly compscted,
four-foot thick layer of Borden shale subjected to
s unit hydraulic gradient would have a containment
-time of approximately 133 yesrs. Actually, the
containovent tise would be larger if the soil layer
is not coapletely saturated.

Regardless of vhether an impernesble layer is
used or required, the Borden and Bedford shales,

10

would accammodste, more econcmically the croes-
ridge mining operation. In Pigure &, the scbeme
containg @ szone for unprocesaed waate. As
envisionad £n Pigures 3 and &, the spent shales
are placed on one side of the embankment cross-
section while the overburden materials are placed
on the opposite side. In this plan, the
overburden removal would proceed ahead of the oil
shale drilling, blasting, and excavation
operation. 1In the achene, trucks would be loaded
at the face of the oil shale mining wsll and would
baul the oil shales to the rock crusher. At the
rock crusher the trucks would be loaded with apent
shales froa a conveyor and circle back to a point
oesr the oil shale mining wall. The spent shales
would be dumped slightly behind the o0il ahale
excsvation operation. On tbe opposite side of the
cross-section, trucks would be 1loaded with
overburden materials at the excsvstion face. The

vhen used in the processed zones of FPigures | overburden materials would be placed behind the
through &, will require high values of relstive overburden mining operstion. The trucks hauling
compaction to obtain economical and stable slopes. overburden wmaterials would circle between the

Consequently, to obtain adequate eotsbility, the
gorden and Bedford wmust be coapacted and as a
result low values of permeability will be ob-

overburden mining wall and the overburden dispoaal
eabankmant. By aeparating the excsvation and
hauling of the spent ahales and oil shales and the

,,,,,,,, tained. Another major considerstion in making the overburden materials, traffic 1nterfennce would
cap iopermeable is the effect of (nfiltration of —~be-svotdeds—- B ——— -

—————Infileration —of waterinto the embanikment

rainfall and ground weter on stability.

would

build=up pore pressures, decrease shesr strangth
and lower the long-ters factor of safety.
Conssquently, milder slopes would be required if
pore pressure build=-up davelops.

Although the dispossl exbankmsnt configura~-
tions of Figures 1 and 2 may be used in the mining

Coapaction Equipment and Procadures

Suggested 11ft thicknesses, type of
coapaction equipment, and mumber of coverages that
vill be required to obtain adequate compaction of
the wvarious sones of the disposal embanimenta are

operstion, the configurations of Figures 3 and & suzmarized in Table ). Determinations of 1ift
Tedle 1. Saggmted Guideline for Co mpacting Ot Shale Dispamal Mareriak **
Loos : ' Minimum
Thickness . Minimum Rolley Frequency
of Lift © Wadght Paumber of Density
Embankment (inches) Type of Compaction Equipment (pounds) of Pames Tats
Topxal® 8-10 © Bwepsoot Raller 1.5 to 3.0 tons per 406 1/1,000 to 1/3,000
. linear foot; 60-inch - ‘ cubicyasds
dismetey dnem;foot
contact premoe
oqual to 200 to 400 pel
Unprocessed
Ovarbwden and
Wasts Shales 20 © Regvy Tracked Dozer - D8 Mintmum Weight o2 Load
© Static (Self-Propelied or Towed) :
Twaping Foot Raller $3,000 204
© Vibratory (Self-Fropelled or Towod) 55,000 2t03
© Noamed
Ovezburden 8-10 © Hazvy Tracked Dozer D8 Minim um Weight fo2 - 6o
. © Water Teaker with Sprey Bar - ) o Vasiable®® - -
_ @ Heavy Duty Disk (36-inch) . Variable®®
" @ Statlc (SelfFrupeled or Towed) o
Tamping Foot Roller ° $3000 - 204
@ Vibntory (Self-Propelled or Townd) -55,00 ~2t03
© 4-Wheel, Pestouatic-Tired Roller 100,000 - 204
Spent Sale 2230 Reevy Crawier Tracker mmmmwma 3 ° e

CIf Barden snd Bedford shales wre ussd 83 8 substinvte for topmd], Mmmﬂbbuwwwwm'

©4jtema in this table are guidelives. Test padsshould be constructed during start-up of the oil-ghale mmu«mmmmnmmmm
paction squipment, spraying and mixing ra tes, and equipmest coverages and to determine desired densities. Results odtainsd from test pads cen be used to develop
enthodandend-renilt gecifiariom Differsot mmmﬂkwﬂwdﬂmleMlhtp&um(mhny)ﬁu enzllen fragmen-
fation of the shales.

“'annmyofmum Mmmnmmmtm



thicknesses of the various sooee are based on
slake-durability indices of the overburden shales,
oil shsles, and spent shales (6) end the chart
shown 4in TPigure 6. The chsrt was devised by
Strohm, et sl. (13) and 1s a preliminary 1lift
thickness criterion for evslusting embankment
construction based on slake-durability index and
settlenent performance data. The graph can be
used to estimste suitable 1lift thickness for
shales. Depending on post-construction probleas
that may be tolerated, the selection of a 1ift
thickness varies and requires sose engineering
judgenent decisions.

Overburden Disposal in the Processed Zone-
Suitable 1ift thickness (Figure 15) of the Borden
and Bedford shales, which have 3 elake=-dursbility
index of about 42 percent, ranges from about B8
inches to 24 inches. When these shales are placed
in the processed zone, a 1lift thickness of not
sore than 8 inchea should be ueed. To achieve
proper compaction of the Borden snd Bedford shales
in the processed zoue and satisfy permeability and
stability requirements, special couwpactive efforts
vill be required. Since the Borden and Bedford
shales have lov slake-durability properties, then
these shales should be treated as ‘"soil-like"
aaterials and essentially broken-down into soil-

Telstive conpaction of 95 percent is recommended.
To obtsin high values of relative compaction of
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-------------------------------- ~size particles-during -the compgction—process. —-A-—----and-—a—breakdown -of—the-dry;

contents, as obtsined from ASTH D698-78, of the
Borden and 8edford ehzles are about 15.8 and 12.3
percent, respectively, wstering and disking will
be required when theee shsles are placed in the
processed zone. To obtain proper cowmpaction, the
following procedures may be necessary (13). The
shales are placed in thin, loose lifts of about 8
inches; oversized psrticlee are renoved.
Initially, heavy tracked dozers sre used to roll
the wmaterial and pertially break-down the dry’
ahale fragwents. Following this, the layer 1is
rolled with compactors having small area aqusre
feet to increase frsgaentstion of the nondurable
ahales. Using sepray bar-equipped tankers or
trucks, the layer is watered and then disked.
The addition of water will aid in the break-down
of the Borden and Bedford ehales since these
shales alake almost instantaneously when exposed
to water. A heavy duty disk (36=inch) will be
- required to mix the entire loose 1ift. The water
content of the compacted layer should not exceed
optimuz wvater content (ASTM D698-78). In cases
where the processed shsles may be subjected to
£411 heights 1in excess of 200 feet, the layer
should be compacted slightly dry of optimum water
content to minimize the possibility of high pore
pressure build-up. Repested cycles of watering
and disking may be required to obtain good nixing

After tbe mixing staga, the lsyer is compscted
using a vibratory pad=-drum roller. About 2 to 3

the Borden and Bedford shales, attention must be
given to blasting (or ripping) wmethods and
compaction techniques. The blesting (or ripping)
mthods should produce snall fragaents.
laitially, trial and error blasting (or ripping)
techaiques 8y be required to increase
fragmentstion. Ceneral guidance on blasticg
9tactices is given by Ronya (cf 13).

Altercatively, fragmentstion of tbe shesles
aight be obtsined by processing tbe shales through
the rock crusher which is used to crush the rew
ofl shales for the ratorting procaes. However,
tAis procedure would require additionsal handling.
Psrthermore, becsuse of tbe high susceptibility of
t% Borden and Bedford shales to slaking when
Ssistate is present, frequent “jamming” of the
trusher could occur.

Since the insitu water contents of the Borden
oa! Badford shales are approximately 3 to 5
percest and considering that the optimum watar

coverages should be made. Yinally, compsction of
the layer is obtained ueing a 50-ton 4-wheel
pneunatic tired roller. About 2 to 5 passes
" should be made with this equipment. The use of
test pads during the initial atart-up of t
uining operstion to refine and determine the mo
efficient cospaction procedures to obtain deur a
deuttiu is racommendad. :

Overburden Dispoeal in the Unproceued Zone- Uhen

the Borden and Bedford overburden shalee are
placed in the unprocessed zone, 1lift thickness of

_ up to about 24 inches could be used depending -on
- the amount of settlement that cen be tolerated.

1f settlements are not critical, the coapaction
requirenents discussed above would not hsve to be
ae stringent vhen the nondurable sheles are placed
in the unproceesed gzose. The 24=inch layer could
be watered slightly to aid in obtaining some
breakdowa of the nondurable shsles. Disking would
aid in mixing asd fraguenting the shsles, although .
this might not be necesssry. Use of the temping
rollar would increase fragmentation, Tinally,
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‘nondurable —shales, -

compaction could be obtained by using heavy duty
cravler dogzers. The unprocessed gone ehould be
located 1in the interior of the embsnkment,
Materials designated for the unprocessed szone
should be placed "dry"” of optimm water content.
The wminimun dry density for this zone should be
such that 90 percent relative compaction  is
achieved. )

¥When lnner-olud particles are not broken
down, laboratory values of maximum dry density and
optimuz moisture content must be adjusted. The
method described in RAVFAC, DM-7.2 (19) is
recommended. The edjusted meximum dry deunsity is
cslculated frem "

1-0.05F Yy
“F 4 1= F 024
162 ) [(Yﬂ)mllab

"where: ¥ 1s tha ftnctlon of overolud perticles by
weight (from field deumsity tests) and Y, is tbe

(9)

[(a)gexlady =
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it weight of water in units consistent with the considering that eowe difficulty will be
ssxinuw dry densities. ' The edjusted optimus encountered $n fragmenting and coapacting thase
soisture content of the oversized materials 1is ehales, s ssthod-and-end-result ' type of
calculated from ) . . eopecification would be more likely to obtein

' desired results than merely specifying that an

. end-result density and vater content be obtained.

[voptlady = Flwgd + ( I=F)[vgpeliap (10} ~ In~place densities of coarse-grainad (fregments)

: : shales, as discusssd by Strotm, et sl. (13),

_ . , indicate that end-result specificetions may be

vhere: wg 1is the moistura content of the oversized . misleading vhen shalea are compacted as soil. As

aaterisl (from fisld dats). " exception to this is the compaction of soft shales

Adjustaents by equations (9) aad (10) ean be that bresk-dowvn 1ato e0il when pleced and
significant and ehould be wmads whanever the coupacted in ths processed zons. However, ade-
percentage, by weight, of particles with sizes quata’ break dowvn of these shales in the
grester than 3/4=inch exceeds 30 perceat. unprocessed or seai-processed 3sone may not be

obtained. Consequently, when placeaent of the
Sorden end Bedford shales must be mads ths mathod-
and-end-result type of specificstion as dsscribed

T et perrrs, “MbvidifehIE]  liove may be raguiced, that Lo, the specification

15, the epent shale could be placed 1n 1ift . not only describes the type of squipaent that must
thicknesses ranging from about 22 inches to 0 be used tut also apecifies the 11ft thickness, the

tnches. Since tha spent shale classifies s & mmber of coverages, & range of watar conteats
cosrse-grained materisl and contains alwmost no that the materiala can be placed, and the reletive

fioes, the material could be spresd and compacted .°°'Z"—:“°° :"“ must :eb;chi:nd. od Toe types 1“

vith cravler tractora. The tractor should be no Squipsent shown 1o Table and, compection

emsller than a D8. Approximately 3 or & coversges procedures described above are, in the opinion of

i ghould — be-usede—-The-addition_of soms water - to ‘the _ suthora (based on svailable information),

Spent Shales= Tha epent shales, as sbown by

thoss that will bs required to wmest minimm
this asterisl would aid the compection process. settlement and stebility criteria. Plecemant and

n—of —the s -re} 4—rae———
Veste Shales- Wasts shales which consist of compactio pant shales and rejectad ra

tejected oil-bearing shales have alaks-durability oil l.m“ "’t::” ‘rcqutn & wathod-and-end-
indices 1n excess of 95 percent. Hence, thase resuit type apecification. .

aateriazls classify as "rock-1like"” and could be To aeffectively determines the best type of
plsced in the spent shale sone, or the unprocesaed equipment and procedures to uss to obtain desired
sose. Cowpaction of these materiala could be the compaction rasults ‘of the various zones of ths
sane ae descrided above for the unprocesaed zone, disposal embankment and to determine maximm 11ft
or the spent shale sove. thickneases, shala test pade should be made an

integral rt of the initial etart=up phase of an
Topsoil Cover= Soil noraslly used as e topeoil ou-:hnlc ::.un; operation. The du:u:uon above

cover vill be & clay or eilty clay material.
Compaction of the topsoil cover is essential eo
that erosion s controlled. If such s saterial is
used, then a sheepsfoot roller should be ueed to
obtain a relative compaction of 95 percent.
Maximm loose thicknsss should be no. more than

should bs viewed as "guidelines"” and vill serve ss
a "starting point™ toward obtaining reasonable
compaction results. 3y establishing mathod=-snd-
and-result specifications from tsst pad results,
the number of ineitu density tests required for
proper wmsonitoring of the disposal emdanknents

about 8 inches. Suggestsd specificetions with . conns
regard to the sheepsfoot equipsent are ashown in ::‘:}: b:.::“:::; .:: ‘“::::‘:":1:::::“:1?;'
Table 1. About 4 to 6 passes of the sheepsfoot °
roller ehould be mads to obtain good compaction Depending on tha size of fragaents of apent shale
Yoot contact preasure should de on the o:dcr o; produced by the retorting process, large-scale,
200 to 400 'd, foote  as &1 i f1¢1d density tests of the magnituds described by
to pouncs par square ”!' Ell;e“.l' (19) way be required during test psd tests to
[]

Sorden and Bedford shales may be used as s topeoil effectively design compaction specifications.
substitute. Thess sheles weather rspidly to pro- Coutrol and monitoring of compaction of the
duce s fine-grained soil and contain emough clayey materisle 4o the various aones will depend on the
ssterial to support pleatlife. The compaction type of spacification required to obtain desired
procedures described above for the processed asone . results. As mentioned above, tha bast compaction
ean be used to achieve good cowpaction and produce - procedures cen be deterained from test pads. End~-
¢ breakdown of thess shales. result specifications ¢an probsbly be used for the
topsoil 20ne when this material is comstructed of
. clayey soil. 1o this cass, ioplacs density aad
Caspaction Spscificetioos, Control, sud Monitoring moisture coatent teats are performed; the results
iy ars coaparsd to urximus dry density and optimm
The type of compection epecificetion used to soisture content obtained from AST D698-78 (or
ebtein desired resulta will depend on the AASETO T-99) to deteraine relative compaction.
character and nature of the materials that will be Nuclesr density gages (dirsct treaszission) or
placed in the various zonss of the disposal e= eand-cone density tests ere used to obtain imn-
bankxent. For example, wuerely specifying that place dansity asnd moisture contents. Kuclear
shales placed and compacted in the processed tgone density gages should be properly ecalibrated and
bave a relative compaction of 95 percent—end adjusted to the sbales that will be tested. Use
Tesult specificetiooc—azy wunot be sufficient to of sand cone tests and epesedy moisture content
obtain desired results. In-place density tests messuremsnts ars recomasnded to adjust the eamr
would be perforsed to determine 1f compection facturer’s calibrations (13). Without theee ed-
specifications were mat. Beceuce of the dry justsents, the mucleer gagas ey yleld errousous

asture of tha Borden and Bedford shalee insitu sad zesults.
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BLOPE STABILITY CONSIDERATIONS Selection ©of a design safety fector wust be
) balsnced egsinst the cost of repairs that vill be

required 1f e feilure of the oil shale embdankaent

oceurs ond ths level of risk that can be ssfely

In designing the slopes of the wountein top sesumed. For dinstence, beesed on previous
disposal embanimente, the following factors wust histories of highway embanknent feilures
be considered: ) ; (embankmant beights on the order of S50 feet),

. repsirs may range from 500 to 1000 dollers per

1, Selection o©of design shesr strength linesr foot of elide and typically, for esszll

persmeters, embenkmente, rapair costs may be on the order of

2. $Selection of design safety fectors, 250,000 dollsre. Por embenkments with heights in

3. Istimationor prediction of pore pressures, sxceess of 200 feet, coetes of repsire may be on the

4, Selection of e sodel(s) 'to order of 2300 dollere per linesr foot with

sstimate stebility sad likely failure corresponding total coste for repeir om the order
. sode(e) of 1 million dollers. ’ '
S, Exasinstion of foundstion counditions ' -
6. Bstimation of ssrthquake loadings - Normally, for embsnkment loading, the short-

ters stability is sore critical than ths long-tem

stability. Short-term stebility ie generelly in-

vestigsted nsing the J -equal-zerc snelysis and

undreinsd sheer etrength (uncou.onduod-nndruu)d

trisxial tests or unconfined compression tests).

“M.:h::: ‘::;:::t:;‘ﬁ.th‘.:" °:: .;.h;::';h:: Bowever, undreined shesr strength should be used

H pen ceutiously when overconsolideted esoile, euch es

wle obtained froa consolideted~undrained triexial compected dry shales, ere iovolved. A summary
tests with pore pressure messuresents have been ’

_______________ established from previoue studies (6)+— Selection- discussion of this deeign agPect 1{e presenred. .. .

elsevhere by Hopkine, et el.(24). The short tern
of design shale strength persmeters ere discuesed stability s normally lower in eabenkment loadings

Selection of Design Shear Strength Paraseters

in those studies. For exaaple, design angles of than the long-term stability becauss, generslly,

shearing resistance and cohasion (in terms of
effective stresses) for the Dorden end Bedford ::::rp::::::::t;::.hrl" during construction than

shales eore 26.5 degrees end sero, respectively.
feconnended deeign paraseters, eoffective engle of
sheating reeistence end cohesion, of the rew oil

l.ti.ntl.on or Prediction of Pore Pressures

shales were 40.0 degrees end szero cohesion. High pors pressures dus to ssepege ere not
frisxial testz gave s curved envelope for tbe , enticipsted in the dispossl embenkments provided
opent shales. The curved envelops gave s cohasion sessures are edopted to prevent infiltration of
of 280 pounds per square foot end an engle of ground water end suifsce water. However, high
sbesring resistence (in te™ms of effective stress) ‘€XCess pore pressures may be genersted during
Tanging from slightly over 45 degress ot 1low conetruction in certsin zones of the dispossl ez
cocfining streesse to 26 degress ot very lerge benkment beceuse of the lerge stresses resulting .
coufining pressurss. Based on considerations of from lerga heights of the disposal embankments.
the range of etresses which will be imposed on the . Sioce the epent shales eud the materisls (mainly
speat shales in the potentisl feilure sone, en the Borden and Bedford shales) plsced in the waste
sffective eongle of shasring resistance of 0.5 sona will 1ikaly be compscted in a reletively
degrees  end effective cohesion of ssro ere "dry" ectate (dry of stendsrd optimum wvater

selected for design purposes. coutent), then excess pore pressure build-up in

. thoss zones will probebly mot be e problen.

- Bowever, the build—up of excess pore pressures in

Selaction of Design Ssfety Fectors the four foot cempacted lsyer of Borden and Bed-
ford ghales, which may be used to encapsulate the

ng=tern—stablility a design P

) pent ehales, ®msy occur wvhen £ill heights ere
“{“’ factor (20, 21, 22, 23, 2) of 1.5 1s opproxmtoly. in the renge of ‘200 to 500 fest.
wlected. Long-term stability is e coadition in Although the short-term stability may be estimated
‘ich the pore pressures have rsached o etsady- nsing the (~equal-zero snalysis end undrsined
state condition; excees pors pressurse have dis-

h, total reliance upon the § =equal-gzero
sipated. The safety fector io limit equilibrium strength, P
mchode, hich ers the ot frequently nsed mathod to estiasts the short-term etebility should

amtbod A sot be made. Rather, the ehort~ters etability
t be :o::t:::.:;::: t;io;;:ﬂ::;bﬁt::; t::;o;..hur should elso be investigsted using an effective
%tf ce gnd is an eversgs value. Henca, ss moted streess enalysis bssed on effective stress strength
% Jobason (23), the sefety fector obteined frow paramsters end predicted (or mezsured) pore pres-
lUatt oquilibrium sethods does not constitute e for s 1““;‘""- including laborstory t;:huq::o.
fuserve of unused strength; .rether, ths safet or aestimating excess pore pressurss hsve been
fector 15 @ working .1.:"”'“ the d;u.n prouur given by Bishop end Henkel (25) and Skempton (26).
Xreover, o long-tera eafety fsctor of 1.5 1s Possible effecte of eicess pore pressures on the
Sederally gpuccesaful in guarding egsinst feilurss design of disposal embaniments is illustreted

@ very regeonable success Pecord. below. Piescmsters ehould be £instelled early

during stsrt=up of the oil shale operstions.

For short-ters stebility (or temperery

lsedings), o safety fsctor as lov es 1.25 or 1.2 Models to Estimate Stebility and LSkely Feilure
{6 frequently used, provided good quality strength Modes

Wsts ere aveilsble, end @ good knowledge of the

taracteristice (such es febric, fissures, sniec- Saveral metbods ere evaileble for determining

¢ etc.) .of the wmaterisle are known. the stebility of eerth slopes; meny of these



b _level or flat,

sodels have been prograsmed for the computer (27,
”», 29, ). PFrecticelly all of the methods sre
pased on limit plestic equilibrium end the slices
cechoiques Capabilities snd limitetions of thess
sethods  have been discussed by wright (30),
Johoson (23) end Eopkins, et al.(2%). The so=
called "sccurate” methods include Bishop’s methods
(31), Speocer’s sethods (32, 33), wMorgenstero~
price (%), Janbu’s (35), end & naw method by
Bopkins (36).

In selscting a trisl alope of s diasposal’

esbankment, the infinite slope technique and ete-
Uity charte ere useful. Charts pressented by
Sishop and Morgenstera (37) sre quite suitsble for
this purposs. Once @ triesl slope has haen
selected, the design cen be checked ueing one of
the “accurste” methods. PFor the exanples shown
below, the method by Hopkins is used. This method
is useful since circular, wedge, and coaposits
fallure w®odes cen be investigsted rapidly vseing
the same computer programe. This wethod yields
safety factors that ars slmost identicsl (based on
many comparisons) to those from the other
“accurate” methode listed sdove.

As noted sbove, the foundstion created by tha
sountaintop resoval mining operstion will likely
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the safety factor. However, atability charte sre
developed for specific slope geometries end pore
prassure conditione. Also, the cherte ere applic~
sble oaly to problems involving @ homogsneous
eofl.

Many slope stability problems involve irrsgu-
ler ground surfeces, eevarsl soil lsyesrs, sofl
layers having differsst pore pressurss, and irreg-
uler-shaped shesr surfaces. Conssquently, in
designing slopes that contein complex soil condi-
tions end pore presssures, such ae those sncoun-
tered with the oil shale dispossl eabasksents,
sore sccurste snslyticel msthods muet be used.

Stability celculstions for the trial sections
shown in Figures 16 end 17 were made using a gen
erslized, 1limit equilibrium method of slices and
ecoaputer prograa devalopasd by Bopkins (publicetion
pending), Potentisl fesilure wodes, as wall as
long-~tera and ghort-teraz stability, were investi-
goted to detarzins the most criticel shesr surfsce
having the lovest safety factor.

For loog-term stability of the slope in Pig-
uta 16 (pore pressures sre sssumed to equal zero
4n all sooes of the disposal eabankment), a safe-
ty Sfsctor of 1.57 vas obteinad. The criticel

. ahsar eurface liee sntirely in the overburden

msterisl, 4e tangent to_the outer elope of the

smabankment is constructed on & portion of unained
oil shale fotmations, foundation problems may be

epent ehale zone and pasass through the toe of the
dispossl eabanimsnt. Circles pessing through both

—mm—lwcvur—ﬂ—tbromuttun—eutﬂntrth—thwtﬁhiﬂnd—onﬂutdtn—nuc—mul—hu

wnderlying “problea” ashales, e.g., Crab Orchard
shales, then sarious aetsbility problems could
develop. This formation has csused mumerocus high=
wvay feilures in Kentucky (24) end every effort
should be wade to avoid thess shales, if possihle.
These shales contain s high clay content, wwathar
zapidly (sleke-dursbility index is leess
spproximately 535 percent), snd have very low
shesring etrengthe (especislly elong bedding
plenes). Construction of disposal embankments oo
the Cred Orchard PFormation should be svoided.
(Bovevar, “haul and sccass rtoads may have to be
coustructed through thess shales.)

A major portion of the esstern oil=shale
deposits sre gensrslly located 4n lov aeisaic
zooes. Consaquently, advenced esrthqueke smaly-
eis, such ss dynemic response anslyeis, will
generslly not be required on & routine haeis.
Bovever, considering the large eizes of tha dispo-
sal embsnknents that the o1l shale operstion may
geserats and the lerge costs of repairs that may
be o dimited

than,

such higher values of sefety fsctor becsuse the
shasr atrength of the spsat shale is lerger then
the shaar strength of the overburden ghalss. To
deteruine 4f s wedge-ghaped maes might yield o
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Trial Slope of 3:1 and & Comparieon
of Factors of Safety Obtained from en

Figure 16.

studies
eidered. i .

Besed om tha ideslized, original crose sece
tion in Figurs 13, two trial disposesl emhankment
cross—gactions wers established for etability
analyses, as ehown 4n Pigures 16 sad 17, . To
esteblish preliminary slopes of the oil shale
disposal embanikment, iufinite slope analysis and
stability charte sre used. Inm Pigure 17 e trisl
alope having a slope of 3:1 wes eselected. To
ebtain en approximate value of the safety factor
of this elope en infinite elope snalysis wvas wmade
aud yielded & velue of 1.50. This type of snaly-
‘eis can be wsed in this case eince the shesr
strength of tha spent shales is larger than the
overburden ehales snd the effective  cohesion of
thg overburden shales is sero. -Hence, the criti-

shear surfece lies entirely within tha over-
burden shsles. Btability charts developed by
Bishop and Morgsnatern have s brosder spplicstion
than the iafinite slope analyeie since the charte
can handle eoile which have s cohasion and can
teka into sceount the effacte of pore pressures on

using advenced techniquas might be coo~

Iafinite Slope Anslysis, Bishop end
Morgenstarn’s Charte, and s Circuler
. Saarch Analyeis.
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Infinite Slope Analysis, Bishop asad
Norgenasteern’s Charts, sed a Cirecular
Search Analysie.- ’



lover safety factor than the value obtained from s
circuler analysis, differant wedge configurations
sasr the toe of the disposal embankment, as shown
in Figure 18, wers axazined. A safaty factor of
1.51 vas obtaismsd. The circular and wedge ansly~
oie of the J:1 slopes gave similar results.

Similar analyses were made for the 2.5:1
slope. An affective strass snslysis gave s miant-
sm, long-tarm safaty factor of 1.27 as sbovn in
figure 17. As sbhovn in Figure 19 wadge enalyeses
geve an 2denticel result. WNormally, the shesar
surfaces in Pigures 16 througb 19 would be conei-
deved shallow failuras. However, the dapths of
the failure wsassas rangs up to adbout 60 feat.
Consequently, & failura nsar the toe of the
mbaniment would be costly to repair. Protection
of the tée ares of the embankmant is extremely
vital ‘becsuse of ths high concentration of
stresses in this area. Bvan slight arosion at the
mbankasnt tos can sctivete & large landslide

(2A). Once s small slip occura at ‘the toe, then @
sultiple retrogressive sarisa of slides =may
devalop. Sound, durabla rock cen be vary effac-

tive in protactiax the eabankment toe.
Short-tara (or end-of-construction) etablli-
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Pigure 19. Wedge Analyeis of Trial Slope :of
2.5:1.

Por purposas of analysis of this cese, 1t is
convaniant to exprass the pore pressures at any
‘point of the embankseat in terms of the pore-
pressure ratio , R;. The pore presaurs ratio is
defined as the ratio of pore pressura sand ths bulk
vait weight multiplied by the depth of the point
in the soil mgzes below the soil surfecs. Many
compactad soilse have & pore pressurs ratio
spproaching O.6. In the axamplas below, the ratio
wvas varied io the four-foot layer to daterzine the
affect of pora prassures on stability of the dis-
posal eabankmgnt. Pore pressures wers sssuned to
be sero in all other sones, .

AAAAAAA ¢y, of the trisl sactions wers not invastigated
uting the «gqual-gsero (total stress) analysia

because undrained shear strengtb data were oot

————uawilables —Howsver, —an sssessment of the short=—  failu

tsrm stability can be axsainad uaing an affective
stress asualyais. To investigats the short-tarm
stabilicy uaing en effactive strass snalysis re-
quires a knovladge of pore pressuras. If adequate
drainsge weasures are edopted, grousd water
ssspage into the disposal embanknent s mot
likely, Excess pora pressures in the four-foot
coapacted layer may occur, eince the clayey
asterfals in this uone‘will have & degree of
saturation ¢lose to B0 to 90 percent and will be
sabjected to enormous eotrasses—ths degree of
saturation will approach 100 percent and excess
ore pressurs will develop. Additionally, theass
tlagey sbales wvhen compacted have low perme-
edlities. Hence, excass pore prassures will
diasipate elowly during and sfter construction.
$ioce ths spent shala is grenular, this sons of
mterisl vill act es & good draicage boundary asod
aid to éissipata excass pore pressuras. Moraovar,
the placesent (vhen feaseible) of s leyer of re-
Jocted ofl shales (which ere granuler) on top of
four-fo ;

ipatice of excesa pore preasuras.
The 1ikelihood of a deep failure occurring
Gricg or fmmedfately after construction througb
e four-foot eompacted layer iucresses with the
Wiléup of axcess pore pressures. The

fallure mage will be wedge shaped and conaiet of
®% Mockr—an active wedge and passive wedge.

Hadge Analysis of Triel Slope of 3:l.

Deep failuras shear aurfacas were iavastigated
for the two trial slopss. In these exanplas, the

pad—=LtwO
blocks are involved. 1Iuo each of these figuraas,
the safety factors of savaral trial shaar asurfacas
wvere datersined. Tha failure sngle, €, of the
shear eurface of tha active block in each of the
examplas wes estimatad from

e=4S+0/2 Qan

In this cass, tba angla of shesaring reasistence,
0°, noaed {n this aquation was 26.5 degrees. The
shaar surface of the pesasive block was assvmed to
pase through the middle of the four-foot compscted
layer. In Figure 20, feilure is sasumad to
occur through the four—foot compacted layer at the
bottom of the spent shalas. Safety factore for a
Tange of different assuned R,~values and dif-
farant wedge-type shaar surfaces of ths slope of
3:1 are sbown in the top right portion of Pigure
2. The mintmm sefaty fector is plotted as o
function of each assumed B,~valus in the top left
portion of Pigure 20. The minisum safety factor

terw) for a Ry~valus of zero to 1.32 for a R,~
value of 0.6.

In Pigure 21, failure is sssuned to occur in
ths four-foot layer lying on top of the apent
shales. In this cass, tbe minimun safaty factor
rongee from 2.33 (R,~0, long-tem) to 1.29 (ehort~
term). In the later cese, the dispoasl eabankment
is constructad on en imparmesble foundation which
contains no fractures. .

$isilar analysas are ahowvn for the slope of
2,5:1 4a Pigures 22 and 23. The minimum eafety
factors of shear surfaces passing delow the spent
shale end through the four-foot compacted layer
ere 1.95 for a 2 ,~valus of sero and 1.15 for s R,-
valos of 0.6, For the upper failure surfece,
Figure 23, tbe miniwuz safaty factor ranges froa
1.98 for R, equal gero to 1.16 for R, equal 0.6.

Based on the enalyssa in Figurea 20 tbrough
23, deep failure surfaces could davalop during
construction of either trisl slopes. Developaent
of euchb sbesr surfaces is dependent on excess pore
pressures vhich may be generated during coustruc-
tion. The long-tsrm safety factors (R,=0) of
both gtrial elopes are eufficiantly large to gusrd
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agaiost a dasp failura after coostruction. If retes vhich, 4n turm, are functions of the parent

largs exceas pore prassuras build-up on the ovder
of %, aqual 0.6, then the slope of 2.5:1 would be
unscceptable because of the low sefaty factor

0.6, the slope of 3:1 would
slope would elso be acceptadle with regard to
shallow, toe failanres. BHowever, the esbackasent
wvith a slope of 2.5:1 would mot bs acceptabdla,

saterial and the eunviroment. The time dependent
cosponent of sattlement associated with degrada-
tion can be minimized by incressing the degres of
cocpaction when the material 18 placad in the

If $v placement, oose of the fill becomes
saturated, the incrasse of strasses froz placement
of additional £ill may gensrate excess pore
pressuras that =may require significant time to
diseipata. This procsss of consolidation always
has settlement associated wich it.

Whan estimatas of settlement are wmada, they
are: usually based on results of laboratory coe~
prassion teets mada on eamples of tha fill
satarial. Quite frequently, the actual speciman
testad 1is very small, does oot contain any largs
particles, and bence, does oot accurately reflect
the macroscopic behavior of the material. Very
fav, 4if any, ladboratories are equipped to test
largs anough specimen sizas to accurately reflect
the particle eize range likely to be ancountered
in oil shale disposal embsoksents. EKven 1f the
testa existed to obtain good data, the variation
in techmiquas of fill placement froa those used in
cresting the test specimen would be sufficieat to
cause {naccuracies in the astimstas.

Finally, the thaorias coamonly used sre aoae-
wvhat limited. For exsmple, these <theories

" SETTLEMENT CONSIDERATIONS
Tectore Affecting Estimstas of Settlement

Sattlesgnts fn f£ills are most difficult to
estimate accurately« A vumber of ressons may be
sdvanced to account for this. Among the wmora
{mportant are: a) time dependant nstura of the
Phenomenon; b) wariability of techaniques end con~
ditions of placesant of fill matarial relative to
those nsed to dateraine settlement paremeters; and
¢) insdequacias of mathods used. L

The tise dependent nsture of settlemest s
sspecislly significant for ahsles and other ovar=
turdens which are degrsdeable, 4i.a. weathar gud
breakdovn with time after plscgment. Settlesent
retes are iwpoesidle to predict in thees cosas
because they are a function of the weathering
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geasrally essuse that one dimensional compression divided into three sublayers of 40 ft each, ead
axists, i.e¢, that there is no straln in the the 272—=ft thick layer of waste overburden wse
laters]l direction. While this may be true for divided into ten sublayars of 27.2 ft each.
#1}s of wide lateral extent relative to their Settlements in sech waste overburden subleyer
peight, it 4is not generally true for tidge fills with 27.2~-ft thickness rangsd from one foet for
as diecussed esrlier in this paper. the sublayer closest to the surface to five fest
A9 @& conssquencs of the above discussion, for ths sublayer nsarest ths spant shale. The
ostisates oOf eettlement from conventionel labors- three subleyers in the spent shale with thickoess
tory test dsce will quite frequently be coneider- of 40 £t bad settlements ranging from 4.8 ft to
sbly different fros ectuslly observed settlement. 5.4 ft. Tba total expected settlement (assuming
sowsver, estimation of settlement is halpful in . that oone took place during construction) was
iecatiog ths sonss of large sattlement, vatas  of . ecaleculated to be 56 ft. However, ell materisls in
sattigment, and voluse change fectors. All are . the embankmsnt, with the exception of the two
gportant for desiga purposes. ;, four—=foot thick blenkat leyers, would be partiaslly
1f settlemant rates are high, then much of " saturated aod would settle as coamstruction of the
the total eettlement may occur during the i embsnksent took place. The total smount of set-
coustruction of the embsnkment, This is ideal tlement taking place during cosetruction depends
becsuse it maans that finsl grede elevetions and on the materials and degree of breskdown of aa-
scrfsca wvater handling scheses will not change terials during placesent. PFor this situation, it
ossce they are establiahed. is estimated thet at lesst 90 percent or sore of
ths total expected settlement could ctake place
during coustruction., This estimats 1s based on
txamuple Calculation of Embsnkzment Settleansnt ths results of the ooe dimensional gcoaprassion
Co , ' snd creep tests on thase materials (5). Conse=
Cotnsider the embaniment showva in Pig. 16. ‘ quently, subsequent to complation of coumstructionm,
" fuis esbankmént €onsists of s four—foot thick . . _ . sattlements less than 10 ft would likely oecur 1o
Slanket of procsssed overburden over which a 120- this 400-foot high embankmeént. R
——f¢r—thitk layer © a 1s ced. The
speot shale ie covered with another four—foot - -
thick blankat of processed overburden. The Effect of Settlement on Volume Change Factors
remaining thickmsss of 272 ft 1 of waste
overburden, As heighte of disposal embenkmants become
The essumptions made essocisted with this. large, the settlements become large even though
«aample ere: a) there is oo settlement in the thsy occur quite quickly. Large settlements sig-
foundation beneeth the £iret blanket of processed nificantly affect thie volume change fectors which
swrburden; b) relative compection is 95 percent must be used to estimate quantities of wmaterisls
iz the two four-foot thick sones of processed placed. These factors may be calculated from
everburdens; ¢) tha spent shale and the waste .
evetburden arte placed to achieve 90 parcent rele~ (Ya)1asitu
tive coapaction; d) ezcept for the four-foot thick VCF = (1 = P./100) (1 = 8/R) (13)
blankets vhich ere placed at naar optimm moisture . uﬁ;mgu,
coutents, ths other materials are placed at their ’ | ;
astural moisture contents which is eesumsd to be ' : .
less than the optimus moisture contents; and e) where: (vg)inaitu 48 ths dry unit weight 4neitu
oce diwensionsl compression applies. . befors excavation; (yq) ompacpion is the dry unit
Bither void ratio or axial strain as s weight of the matarial alter placement and compac-
function of axial strees for one dimensional coe~ tion; Py is the percentsge of ths material weight
pression losding is required. Deta for these lost dus to processing or retorting; 8§ is the .
saterials wers teken from referesce (6), Figs. 6 aversge settlement in this materisl after embank-
e 8, The total settlement is the sum of the ment is completa; and B 1s the thickness of this

y .
is grester than 40 ft it should be divided into

Yor overburden matarials, the valye of Pp 1s
scbleyers such that each sublsyer has a wmaximun near sero wheress for Eastern oil ehsles, the
thickoess of 20 ft or so. The equation for value of Py is approximately 15 percent. For
settlement in & layer or suhlsyer is typical disposal embankments, values of S/H range

" from less than 0.02 to more thsn 0.20. Thus,
settlement hss a significent effect on tha voluse

5 = Go = @ By Q12) change factor.
1+e, :
SMMARY AND CONCLUSIONS

"here:” 85 1 the sattlament lilayer or subleyer The design and conetruction of oil ahele
1} eg 1s the void retio of the matsrial ss cow disposal embankments has been covered in deteil.
P‘Gugx e 4is the void retio of the matericl when Techniquezs have been developed for estimating the
the embantment 1is ecoapleted; aod E; 4s che stripping ratios sad the the quantities of
thickmese of layer or sublayer i. overhurden snd oil shales. Design cherts have

The void ratio, e, 1s e function of the - been produced thet gsllow for the aizing of
vertical stress dus to the overburden above the disposal esbankments, including the sizes of the
ald=beight of the layer or sublayer in question. various sones . that may exist within the
To obtain this stress, it is necessary to knov the enbaakment. Provisions are given to sccount for
total unit weight end thicknese of each layer or - voluae change in the .mining and placement
sublayer above the layer or subleysr in question. procesees. The procedure 1s quite genersl and

Ffor the exeample uader considerstion, esch of assy to epply as shown by the erample probles.
the four-foot thick blankst leyers wse comsidered The procedures for obteining the anRineering

@ s layer, the 120-ft thick epent ehale layer wms properties of tha verious msterisle sre covered.
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It is sbowvn that cereful determinstion of tbasss is
taportent 1if economical and stabls ezbsniments are
to be constructed.

Detsils of construction of embsnkasnts are
provided. Spscific rsquirewents are illustrated
by use of material propertiss typical of aites in
eentrsl EKentucky. Special attention is given to

cowpaction procedurss for overburden mstsrials
uwsed a8 cover for the apent shals. These
saterisls are often “soil-liks" and wust be

processsd properly to eteure low permeability, low

ssttlement, apd stability. .

For overburden mstsrials that may have larga
particle eizes (§rester than 3/é=inch), a method
is prescnted to adjust rssults of laborstory
compsction tests such that they apply to f£ield
conditions. These adjustments are significent and
can have s major impact on the long-term stsbility
asod settlement of eabanksents.

Methods and exsiplss for estgblishing
szability and settlezent are given. Initial
design of slopes can be mads by uss of published
charts, Bowevsar, analyses by use of sore sccurate
sathods are required for zoned embsnkasnts causs
many sodss of failure are possibla.

method {s described. The accuracy of this mathod
is not very good but utilization of sore accurats
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