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The engineering properties of waste spoil from phosphate mines in Southeastern Idaho 
were determined through field and laboratory testing. The t esting included compac tion 
tests, grain size analysis, powder x-ray defraction tests, permeability tes t s , compression 
tests, triaxial and direct s hear strength tests, and nutrient analyses. Based on t hese 
tests, the slope stability and settlement characteristics of phosphate spoil dumps were 
investigated. 

The study showed that the foundation is an important component of the stabi l ity of 
a spoil dump. Hypothetical examples were used to illustrate possible modes of foundation 
failures. Such fai lures might occur when weak foundation soils ex i st or when there i s 
a lack of embankment-foundation preparation prior to the disposal of wa ste material. 
Wh en considering failures through only the middle waste shale embankment mat erial, the 
study showed that dumps constructed by end-dumping the spoil material over angle of repose 
embankments or by scraper filling the mat eria l in horizontal lifts will be adequa te ly 
safe against slope failure if: 

o Embankment slopes are graded to 2lt hori zontal to 1 vertical or flatter. 
o Proper prec::J.utions are t::J.ken tn prevent the build-up of a phreatic surface near the 

top of the embankment, 

The study also showed that post construction settlement in spoil dumps can be attributed to: 

o A s l ow continuing settlement which is linear with the log of t ime . 
o Saturation collapse se ttlement which occurs wlt.h increase s in the moisture contents. 

Post construction settlement in spoil dumps i s caused principall y by i ncreases in the 
moisture content in layers of middle was t e shales and soft cherts. 

A rationale method for predicting magnitudes of post construction settlement in spo i 1 
dumps was al so developed as part of this study. 

(117 page s) 
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CHAPTER I 

INTROOUCTION 

Importance of the Western Phosphate Fields 

Phosphate rock i s used to produce phosphate 
whic h is a vital part of our present existence. 
South~astern Idaho contains approximately 
35 percent of the total United States phosphate 
r eserves (U.S .G.S .• 1976). The total reserves 
in the western fie l ds are estimated at about 12 
bill ion tons (Service and Coffman . 1967). Approx­
imately 80 percent of this lies in Southeastern 
Idaho. The importance of the western phosphate 
industry is recognized nationa ll y·. Indi cators 
are t hat the we s tern phosphate fields will cOn­
tinue to grow in importance . Consumption incl ud­
ing exports of phosphate roc k i ncreased from 20 
mi 11 ion short tons i n 1961 to over 40 mi 11 ion 
s hort tons in 1971, a 100 percent increase. The 
abundance of re sources in a sparsely populated 
area provide the western phosphate industry with 
t he qualities necessary for future expan sion. 
Even if the geographic d is tribution of supply and 
demand does not c hange from the present pattern, 
the western minl ng and processing of phosphate 
shou lC shO\j gre.Jter incr eases because the west 
i s s till showing greater population inc reases 
than any part of the country . 

Hi story of the Southeast Idaho Phosphate f.lines 

Phosphate mining in Southeastern Idaho da tes 
back as ear ly a s 1906 when phosphate rocks were 
produced from unde r ground operations at the Wat er­
loo Mi ne near Montpe lier, Idaho (Service and Coff­
man , 1967). Th e mine was operated by the San 
Fr ancisco Chemi ca I Company and c lased down in 1929. 
In 1945, the mine was r eactivated as a -surface 
stri p-mine and produced phosphate rock until 1958. 
In 1920, the Conda Mine, owned by the Anaco nda 
Company of Southern Ca 1 i fo rnia, began underground 
mining just north of Soda Springs and continued 
unti 1 1957. Surface strip-mining began at Cond a 
in 1952 as a supplement to underground production 
(U. S.G.S .• 1976). Until 1946, the Waterloo Mine 
near Montpelier and the Conda Mine were the onl y 
phosphate mines in Idaho . 

The devel opment of l ar ge earth moving equip­
ment as well a s economic consideration s resulted 
i n a shift from underground to surface s trip-min­
ing . Several min i ng leases were subsequently 
so ld and surfac e strip-m i nes founded. The Maybe 
Canyo n Mine cun·ently operated by Bckcr Industries 
and the Wooley Vall ey Mine operated by the 
Stauffer Chemical Company are the two strip-mines 
conside r ed herein. 
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The steady increa se in demands for phos phate 
has increased s trip-mining activ ity in Southeastern 
Idaho. Larger amounts of overburden materi a l a r e 
currentl y being removed so that greater volumes of 
ore can be extracted. Currently, this overburden 
material is being placed in large spoil dumps. 
Some of these dtunps will contai n over a million 
cubic yards of mater ia l. A number of engineering 
cons iderations are associated wi th the design and 
construction of these spoil dumps. Probl ems can 
and have resulted from mas s failures and impro per 
drainage. The emphasi s t oward s increased environ ­
mental standards in recent years has influenced 
waste di sposal. Dumps must be safe from l ands I ides 
and mass ive erosion. Currently, efforts arc to 
revegetate the spoi l dump as soon as practi c:.t l . 

Scope of this Invest igatlon 

The primary obj ect ives of t hi s study are to 
develop guidelines for the placement of spoil 
dumps as related to ma ss stubility and also to de­
velop a useful method f or est imat ing magnitudes 
of post construct i on settleiT'ents . Th P. accomplish­
ment of th ese objectives entai l s the following 
three t asks: 

1. Determining the engineeri ng propertie s 
of the typical spoil materials tln·ough 
laboratory and f ie ld tests. 

2. Investigating t he stability of mine 
dumps again st mass failure including: 

The e ffects of foundation 
prepara ti.on or l ack thereof 
on the safety factor against 
mass failure. 

b . Deep foundat ion fa ilures and 
condit i ons that may contribute 
to such fa i 1 ures . 

Establis hing r e lationships between 
slope angle , relative compaction, 
and safety fac t or to be used as 
guidelines fo r the const ruct ion of 
disposal fil l s. 

3. Developing a me thod to predict the post 
construction sett lement of spoil dumps. 

Thi s s tudy deal s spcci ficolly with the 
Wool ey Va ll ey and Maybe Canyon Mi nes. Different 
dump con s truction methods are used at these two 
mines. Free flowing dumps a r e const ructed at 



Maybe Canyon by dumping the overburden from haul 
trucks over the end of the dump and the material 
rolls down t he face at the angle of response. At 
Wooley Valley the ma terial is spread on the dump 
in approximately 1 ft lifts by scrapers. The 
properties of a dump are significantly effected 
by the method of construction. Data from field 
and laboratory tests are used to determine how 
each of these methods effects the engineering 
properties of the dump. The typical dump construc­
tion methods are discussed in more detail in the 
following section . 

Spoi 1 Dump Construct ion Methods 

Spoil dump construction varies depending on 
the general terra i n at the site a nd the type of 
eart h movi ng equi pment being used . The different 
construction met hods cause differences in the unit 
weight and moisture condition of the material and 
this, i n turn , leads to differences in the engi­
neering properties of the dump material. 

It is well known that the density and remold­
ing moisture content greatly effects the s hear 
st r ength and comp ressibility properties of fine 
grai ned soils . Consequently, with a ll other fac­
tors equiva lent the stability of the dumps against 
mass failure will be a functi on of t he method of 
construction. At Maybe Canyon, wh ere end dump 
truc ks are used, the construction is " free f l owing". 
A free flowi ng dump is built by end dumping spoi 1 
material over angle of r epose embankments. The 
materia l flows down the side with an angle equal 
to the angle of repose of the material. Vertical 
heights of such embankments often exceeds 100 ft 
a nd can be as high as 325 ft. The area of the 
dump is i ncreased as material is continually plac ­
ed over the edge of the embankment . The photo­
graph shown in Figure I-1 helps illustrate the 
free flowing method of construction. The free 
flowing method results in low placement densities 
because the bulk of the mater i al receives little 
compaction effort. Segregation of particles also 
results. The large materials roll to the bottom 
toe area while the finer materia l s r emain ncar 
the top. Finished dumps are t erraced and finish 
slopes are ge nera lly graded to 3 hori zo ntal to I 
vertical. 

Waste dumps at the Woo ley Valley Mine o.re 
placed in thin horizontal layers, approximately 
I to 1 ~ ft thick. Wheel tractor scrapers dcposi t 
the material, see Fi gure 1-2. Some compaction 
is achieved by the scraper whee l s passing 
directly over the matenal . The densi t1.es vary 
because portions of the fill do not receive di­
rect whee l contact. Finished dumps are also 
terraced and finish slopes are graded to 3 
horl t. untal to 1 vert. i cal. 

Geologic Setting 

It is well known that geology is an inter­
gra 1 part of every geotechni cal investigation. 
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Figure 1-1. Illustration of f r ee flowing 
method of construction. 

Figure T- 2 . Illustration of sc raper filled 
method of construct ion. 



The nature and behavior of soi 1 depe-nds upon 
geo logy and geo logi c hi stor y. A number of re­
port s desc ribing the geology of the western 
phosphate reg ion are availab le. The geology of 
the st udy area wa s obtai ned from such reports and 
is described be low. 

Most of the phosphate regi ons of South­
eastern Idaho :1re located in mountainous terrain 
of both the Caribou National Forest and private 
lands , Figure J - 3. The area covers approximately 
10,000 square miles. The location of the pr i nci­
pal phosphate deposi t s are shown in Figure I-4 . 
The Wooley Valley and Maybe Canyon Mines are 
si tuat ed a l ong north and northwest trending 
mountuin ridges some 20 to 25 miles northeast of 
Soda Spri ngs, Idaho {see Figure I-5). These moun­
tain ridges are composed primarily of the Phosphor­
ia Formation whi ch is well developed at these sites . 
Other geologic formations at these sites include 
the Dinwoody Forma tion and t he Wells Formation. 
These fo rmations a re al i of Permian age of the 
Pa lezoi c Era. Traces of the Park City Formation 
a re also present (U.S.G.S ., 1976) . 

The Phosphoria Formation consists of mainly 
dark chert, phosphatic and carbonaceous mudstones, 

phosphorite, and che rty mudstones. The Phosphoria 
Formation is made up of four mellbcrs: t ht· Meade 
Peak Phosphatic Shal e, the Rex Che r t, the Cherty 
Shale , and the Retort Phosphatic Shale (McKelvey, 
et al., 1956), The Retort Phosphate Shale membe r 
is absent from the geology sequence a t the t wo 
mines. The Meade Peak member consists principa ll y 
of dark carbonaceous, phosphati c , and ar gillaceous 
rocks. Mudstones and phosphorit es are al so common. 
This member varies in thickness from 125 ft to 225 
ft a nd is approximately 200 ft thic k at th e Maybe 
Canyon Mine. It is the bottom most member of the 
Phosphoria Formation and contains all the phosphate 
ore. The Rex Chert member whi ch I i es above th e 
Meade Peak member ran,2"es from SO ft t hick t o 100 
ft thick and is composed almost entire ly of hard 
resistant dark chert . Above the Rex Chert member 
is the Cherty Shale member. The Cherty Shale mem­
ber can be distinguished f rom t he Rex Chert member 
by the presence of mudstones. Mudstones a nJ c herty 
mudstones ranging from 100 to 150 ft in thi ckness 
make up the Cherty Shale member. In much o f the 
subsequent discussions the Rex Chert and Cher t y 
Shale will be ca lled c hert. 

Local geologic events such as fo lding, fault­
ing, and erosive processes have d i. s rupted the 
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Figure 1-3 . Phosphate region of southeast Idaho (exc luding the Fort llall 
Indian Reservoir). (After U.S.G.S., 1976 . ) 
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I. Fort Hall 
2. Groves Creek 

3. Wooley Range 
4. Aspen Range 
5. Aspen Range 
6. Aspen Range 
7. Rasmussen Ridge 
8 . Rasrnussen Ridge-
9. Rasmussen Ridge 
ID.Sc hmid Ridge 
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II. Slug Creek 
12. Dairy Syncline 
13. Schmid Ridge 
14 Dry Ridge 
15. Georgetown Syncline 
16. Webster Syncline 
17. Montpelier Canyon 
18. Hot Springs 
19. Paris Bloomington 
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Figure I-4. Princ ipal phosphate deposits of Southeastern Idaho. 
(After Butner, 1949. ) 
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Figure 1-5. Location of Wooley Valley and Maybe Canyon Mines. 
(After draft environmental impac t statement. 1976.) 
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cont inuity within the Phosphoria Fonnation. Con­
seque ntly, surface outcrops of the Mead e Peak 
Pho s phat i c Sha l e member have resulted. These 
outcrops are loca ted between steeply s lop i ng 
bed s of the Rex Chert member of the Phosphori a 
Fo rmat i on and the limestones of the We ll s Forma­
t i on, Figure 1-6, (McKelvy , et al . , 1959). It i s 
in these outcrops that mining operations are 
being conducted. A typical section of the 
geologic sequence at the Maybe Canyon Mine i s 
shown in Figure 1-7. A detailed section a l so 

giving P205 concentration, of t he ~1cadc Peal-. mem­
ber a t ~laybe Ca nyon is shown i n Figure 1-8 . On l y 
those s hO~<tTl in black are mined fo r processi ng to 
phosphate. Thi s illustration s how s that t ~<t o zo nes 
of high grade phosphate ore exist. Typi cal ly ~<t' ith 
present mining operations these zones arc approxi­
mately 30 and 160 ft below the ~round surface , 
respectivel y . The upper zo ne averages 20 ft in 
thickness and the lower z.onc a ve rages 30 ft in 
thickness. The material lying above both these 
zone s is typical of the waste dump spoi I. 

Figure I-6. Typical foldi.1g of beds i,l the Phosphor i a rorma ti on . lAftcc D. \\'. Butnc,·, 1949. ) 
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Figure I -7- GeoloJ,!ic sequence at Maybe Canyon. (After 
discussions with U.S. G.S. , 1976.) 
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Fi gure I -8. Section of the Meade Peak Phosphatic Shale mt'mbcr 
of the Phosphor ia FormatiOT' a t Maybe Canyon. 
(After draft environmenta l impact statement, 
19 76 .) 
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CHAPTER I I 

REVIEW OF LITERATURE 

The material covered in this chapter has been 
grouped into the following four general categories: 

Generally accepted methods for 
disposing of surface mining 
overburden and mining waste 
material. 

The effect of compaction on 
the engineering properties of 
so il . 

Methods of s tability analysis. 

Settlement of earth and rock- . 
fill structures. 

The state-of-t he-ar t concerning each of these 
top i cs is brie fly s unun arized . Detailed discus­
s ion on much of this mat e rial is presented in 
subsequent chapters . 

Methods for Disposing of Mining Wastes 

Concern for detrimental environmental and 
ecological effects of surface strip mining has 
s i gnificantl y in c reased in recent years and as a 
consequence s trlp mining has been accompanied by 
considerable cos t s of rehabilitation. Whil e 
the r e is I ittle doubt that strip mining does dis­
turb the environmen t there is reason to believe 
that 1dth proper pl anning and design these adverse 
effects need not be permanent. In an effort to 
mi nimize undesirable surface mining effects, the 
95th Co ngress has recently enacted environmental 
p rotection standards and regulations regarding 
the extract ion of coa l and other mineral resources 
from t he earth (Pub lic Law 95-87, August 3, 1977). 
These new r egulations will undoubtedly effect 
future waste dispos al practices. 

Current coa l waste di s posal 
practices 

The majo rity of literature concerned with 
the disposal of s trip mining waste materials is in 
reference to surface coa l mining . Obvious similari­
t i es ex i st between coal and phosphate surface min­
ing. f.!~ny of the geotechnical considerations 
regarding coal ove rburden a nd waste disposal apply 
to phosphate spo il disposal. A brief discussion 
regarding the current practices of coa l overburden 
and waste disposal i s, therefore, presented. 

Surface strip min i ng of coal generates wastes 
materials of two essential types; (1) overburden 
materia 1, which must be removed in order to expose 
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the coa l seam and (2) refu se, which is waste gene rat ­
ed during the processing of the raw ore. Two spe­
cific types of wastes are associated wi th the pro ­
cessing of coal ore. They are coar se refuse common­
ly referred to as coarse d iscard, spoil , or bony 
coal; and fine refuse often cal l ed tailings, fine 
discard, or slurry. The discard of fine refuse is 
a special disposal process that }s in no way similar 
to the disposal of phosphat e mi ning waste and is, 
therefore, not included in the fo ll owing discussion. 
P.!any details regarding the disposal of fine refuse 
are presented in the 1977 Geo t echnical Engineering 
Speciality Conference (ASCE, 1977). 

The specific method s and equipment used to 
remove and dispose of overburden waste material 
during the mining of coa l depends on the overburden 
characteri stics as well as local t opography and 
geology. Stofanko, Pamani, and Fuko ( 1973) present 
details on specific methods cu rrentl y used in t he 
United States. Typically, the overbu rd en is removed 
by large power shovels or drag lin es operating on 
the highwall or in the mining pit. The large power 
shovel or dragline then depo sits the overburden in 
an area which has been prev iou sly mined out. Thi s 
technique is briefly des c ri bed below. The mining 
cyc l e is initiated by the stripp1ng snove l or drag­
line removing sufficient overburden to expose the 
coal seam and establishing a workable pit width 
(100 to 200 ft) by fol1 owing the contou r of t he 
outcrop line. The overburden is cas t adjacent to 
the pit length. Successive cuts are made by the 
stripping shove l or drag I ine removing the overbu r ­
den and placing it into the cut where t he exposed 
coa l has been previously l oaded out. Figure Il-l 
shows both plan and section vi ews of a typical sur-

. face coa l mining operat ion includi ng overburden 
removal and disposa l. The mined pit area i s con­
tinually filled 1dth overburden as more coal seam 
is exposed. The spoil dump i s eventual l y graded by 
bulldozers to a rolling contour and seeded. 

Coarse coa l refuse di sposa l i s conduc t ed in 
a manner very similar to the di sposa l o f phosphate 
mining wastes. Discussions regarding the disposal 
of coarse and combined refuse are presented by 
Cowherd ( 1977). It j s generally transported to 
nearby disposal sites by conveyor belts where it i s 
spread by trucks, scrapers or sometimes aeria l 
tramways. The material i s eithe r end-dumped over 
angle of repose embankments or spread in horizont a l 

_lift s. A number of recommendati ons are presented 
by Doyle et al. (1975) in r elation to coa r se 
refuse disposal and are li s t ed below: 

1. Materials susceptible to weathering 
shou l d be broken down me chani cally 
(by haul t ruck s and p laci ng equip ­
ment) as mu ch as possible to redu ce 
post construction weathering. 



Pl an View 

Section View 

Fi gu re Il -l. Pl a n a nd section views of A B-E 1950-B pit 
(a ft e r Stefanko et al. 1973). 
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2. Infiltration of water into the 
refu se embankment by direct precipi­
tation, storm runoff, stream flow, 
or from ponded water should be 
el im i.nated or minimized. 

3. The embankment should be properly 
zoned with various appropriate 
materia l s and compaction efforts 
to form the most economical and 
trouble free embankment practical. 

4. Proper field inspection should 
be i mp lemented after construction 
to detect possible i nstability. 

Coarse refuse is also used to construct 
embankments for the purpose of impounding slurry 
from fine refuse disposal. This, i n effect, 
creates an earth dam. Prior to 1972, little tech­
nical efforts were devoted to the planning and 
design of such facilities . However, in February 
1972 a coa l refuse facility located in West · 
Virginia failed resulting in the loss of over 
100 lives. This catastroph i c event known as the 
Buffalo Creek slide has brought increasing atten­
tion into the design requiremen t of coarse 
refuse disposal facilities t o be used as impound­
ing embankments. Current recommendat ions regarding 
the planning, desi.en and construction of such 
facilities are presented by O'Appolonia et al. 
(undated). 

Current phosphate waste disposal 
practices in Southeast Idaho 

Waste material generated from phosphate 
mining in Southeastern Idaho generally consis t s 
of shale and chert materia1!5. The waste is trans­
ported by trucks or scrapers to nearby designated 
disposal sites . At the currently active Wooley 
Valley f.line waste is transported by scrapers and 
spread in hori zontal lifts one to two ft thick. 
At the ~!aybe Canyon Mine waste material is trans­
ported by truck and end -dumped over angle of 
repose embankments . Few geotechnical engineering 
design consider ations are specified. 

Compaction and Soil Properties 

Compacting soils involves reduc ing the 
vo lume of a soi I, water, and air matrix by 
removing the air and simultaneously reduci ng the 
volume of void space. The water content remains 
constant since the masses of soil a nd water do not 
change, however, the degree of saturation is 
increased because the void ratio is reduced. For 
cohesive soils the degree of compaction is 
directly related to the molding water content 
.and compaction effort app l 1erl. Cohesionless 
soi I such as clean sand and gravels are not 
signifi..:an tly effected by the water content dur­
ing compaction. 
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Compaction of earthfi 11 embankments is gen­
erally achieved by applyin~ momentary load s to 
the soil. A number of compaction devices have been 
developed to accomplish this. The more common 
compacti(111: devices inc Jud e shccpfoot rollers, 
rubber tire rollers, vibratory compactors, smooth 
drum rollers, and mechanica 1 tampers. These de­
vices are described in detail by the Bureau of 
Reclamation (1973) and Mitchell (1977). The 
appropr iate type of compact ioo device depends 
chiefly on the type of material being compacted. 

The effects that compaction has on the physi­
cal properties of soi Is such as penneabi 1 i ty, com­
pressibility, and shear strength, are related to 
the compacted s tate of thP soil, (Bureau of Reclama­
tion, 1960, 1973; Hilf, 1975; Mitchell , 1977; 
Sherard et al. , 1963). AI though a number of soil 
additives (organic and inorganic) have been devel­
oped to stabilize soils, mechanical compaction is 
the most widely used type of stabilization method 
(Mitchell, 1977). Generally, compaction increases 
the shear st r ength and reduces the compressibi 1 i ty 
and permeability of the sol 1. 

Propert ies of compacted 
cohesionless soils 

The s tate of compaction for cohesionless 
soil i s generally defined in terms of relat ive 
density; 

where , 

e 
max 

e - e 
!)r : e~-=--e:- (100) 

max m.tn 

: void ratio of the sol 1 in 
i t s l oosest state 

e "" void ratio of the soi 1 being 
measured 

e . 
m1n 

"" void ratio of the soil in 
it s densest state 

Relative densities of 100 percent correspond to 
the maximwr. dry unit weight of the soi l wherea s 
a re l ative density of 0.0 percent corresponds 
to the soil in its loosest state. It is generally 
accepted that the performance of cohesionless so il s 
in terms of engineering application can be improved 
by increasing the relative density. 

The permeabilit y of a cohesionless soil is 
related to the void ratio, as the void ratio is 
decreased by compaction the perneability is sub se­
quently decreased. 

The compressibi I i ty of cohes ionles s material 
has been studied by Lee and Seed (1967) and 
Marachi et al. (1969). Discussions regarding the 



compressibi I ity of sands and gravels are also pr·c­
sented by Bureau of Reclamation ( 1973), llilf 
( 1975), Lambe and Whitman (1969) and Terzagh i and 
Peck ( 1967). S:mds and gravels at low relative 
densities are more compressible than the same 
material at higher relative densities. Therefore, 
compaction will generally reduce the compressibi I i ty 
of the material. Under high pressures particle 
crushing has a significant i nfluence on the com­
pressibility. For cohesionless soil under high 
loads compressibility is not greatly improved 
through compact ion {Hilf, 1975). 

The shearing strength of cohesion les s soi Is 
depends almost ent irely on the angle of internal 
friction. The angle of internal friction is 
knmm to be directly related to the relative den­
sity. Loose sands and gravels exhibit less sho.'!or­
ing resistance than the same soil in a dense 
state. Figure I I- 2 shows typical relationships 
between re l ative density and friction angle for 
various types of cohesionless material. As 
shown, the particle s i ze, s hape and gradation 
also effect the shearing strength. Further 
discussion regarding the shear strengths of cohc­
sion 1ess material is presented by Bureau of 
Reclamation (1973), Dunn, Anderson and Kiefer 
(1976), llilf {1975), Lambe and Whitman {1969), 
a nd Terzaghi and Peck (1967) . 

Figure II-2. 
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for cohesionless soils (after 
USBR, 1974). 
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Properties of compacted 
cohesive soils 

Compaction of cohesive soils follows the 
principles stated by Proctor. The degree of 
compaction clearly depends on the compaction 
effort and the molding water content , see Chapter 
I I I. Penneabil ity, compressibi 1 i ty, and shear 
strength are of major concern when discussing 
pacted cohesive soils. 

Permeability. Ma jor factors which effect 
the saturated penneability of a cohesive soi 1 
include soil type, void ratio, and soil structure. 
As the void ratio is decreased during compaction, 
the volume of the pore space is reduced. The 
p--rmeabi1ity is subsequently decreased. For a 
given void ratio and assuming saturated flow, 
soi I structure becomes an important factor. Con­
sider two samp l es of the same soil compacted to 
identical densities (i . e., same void ratio), but 
one compacted wet of optimum moisture content and 
the other compacted dry of optimum moisture con­
tent. It has been shown that the sample compac ted 
wet of optimum will have a lower pelilleabil ity 
(Lambe, 1958) and {Mitche ll, 1977). This can best 
be explained by examining the soil structure . Com­
pacting clay soil dry of optimum will generally 
result in a flocculent structure. However, when 
compacting cohesive soi Is wet of optimum a dispersed 
soil structure results. The flocculent structure 
tends to have more large pore spaces (Lambe, 1958) 
and therefore greater pcrmeabi I i ty. 

Compressibility. The compressibility of a 
soil is the relationship between volumetric strain 
and effective stress. The compressibility of com­
pacted cohesive soils is discussed by the Bureau 
of Reclamation (1960, 1973) and lli.Jf {1975). The 
compressibility of a cohesive soi l is naturally 
effected by the amount and churacter of the fines 
and by the amount and gradation of the coarse 
particles present (llilf, 1975). More important, 
however, 1s the soi 1 dens i ty and moisture content 
at the time of loading. Tests conducted by the 
Bureau of Reclamation suggested that the placement 
moisture affected the compressibility more thun 
the dry density did. Samples compacted wet of 
optimum are more compn·ssible than sim il ar samples 
compacted to the same density dry of optimum . 
Lambe (1958, 1969) suggested that the capi llary 
forces associated with t he double layer hold the 
soil particles such that they resist particle 
rearrangement. When compacted dry of optimum, 
more energy is required to rearrange the particles. 
llowever, upon saturation, samples compacted dry 
of optimum experience e~dditlonal settlement as the 
capillary forces are reduced. This additional 
settlement is called "collapse settlement" (Hilf, 
19 75). mtchell (1976) describes co ll apse 
settlement as a reduction in effective stress in 
clay particles which coat or "buttress11 sand or 



silt gra in s. The c lay particles swell, become 
weaker and fail in s hear thus resulting in 
collapse of the soil and a subsequent decrease 
in volume. 

Shear strength. Shear strength or shear­
ing resistance of cohesive soils can a lso be 
improved by compaction. The effect compaction 
has on the s heuring resistance of cohesive 
sol ls is discussed by Bureau of Reclamation 
(1973 ), Dunn , Anderson, and Kiefer (1976), 
Hilf (1975), Lambe and Whitman (1969), and 
Ter zaghi and Peck (1967). For a cohesive soil 
the electrical and molecular forces surrounding 
the soil particles play a more prominent role in 
resisting the re l at i ve 11ovement between particles 

.as the vo id ra t io becomes smaller (Dunn, Anderson, 
and Kiefer, 1976). Therefore, the sma ll er the 
void ratio , the greater is the shearing resistance. 
The mo l di ng water content at which the soil is 
compacted may a I so have a significant effect on 
shear st r ength. Samples compacted slight ly dry 
of optimum moi s ture content , approximately two per­
cent, ex hi bit greater shearing resis t ance than sam­
ples compacted at or wet of optimum, (Bureau of Rec ­
lamation, 1960, 1973; Gibbs, 1960; llilf, 1975; 

and Lambe , 1958). This phenomenon can best be 
explained by the fact that particles are arranged 
in a flocculent structure thereby offering more 
res istance to s hear and exhibi ting greater 
attract ion for one another through capillary forces 
[i.e., negative pore water pressure). Samples 
co!.lpa ct~d dry of optimum will exhibit a greater 
loss of s t rength after saturation than samples 
compac t ed we t of optimum. However, because of 
the floc cu l ent s tructure associa ted with the 
samples compacted dry of optimum the shearing 
resistance af t e r saturation will still be 
greater as compared to samples compacted wet of 
optimum. The degree to whi ch shearing resistance 
can be improved by controlling the molding water 
conten t of a cohesive soil or fine gra ined non­
pl astic soil such as the spoil material at both 
Wooley Valley and Maybe Canyon mines will depend 
principa lly on t he soil type. Shear strength 
tests conduc ted by Lee and Haley (1968) on a 
commercia l Kaolinite (Higgins Clay) showed 
sign i ficant inc reases in strength for specimens 
compacted dry o f optimum and sheared before 
satura tion, Figure II-3. The samples prepared dry 
of optimum ( f 1 occu lent structure) exhibited up 
t o t hree t i mes the unconfined compressive strength 
of those compac t ed wet of optimum. In addition, 
the unconso lidated undrained strength was also 
significantly i mproved by compacting specimens dry 
of optimum. For any given cohesive soil or non­
plasti c fine grained material the amount of 
improvement in strength achieved through compacting 
dry of optimum is variable and must be determined 
by l aboratory tests. 

~lethods of Stability Analys is 

Two basi c approaches t o slope stability analy­
sis exist. The mo s t common of these approaches is 
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Figure 11-3. Unconfined compressive s trength 
and unconsolidated undrained 
strength characteristics of 
Higgins Clay (after Lee and 
Haley, 1968). 

the limiting equilibrium method. The second 
approach is to perform an exact analysis. Thi s 
approach has just recently been possible with 
the development of the Finite Element Method and 
its application to Soil Mechani cs problems. 

Limiting equilibrium methods 

In a Limiting Equilibrium method of analysis 
a failure surface is ass umed and a freebody dia­
gram is developed for the assumed failure mass. 
An impending failure condition is assumed and the 
shearing stresses required to maintain equi 1 i bri urn 



arc determined. These shearing stresses required 
to maintai n equi.librium are then compared to the 
shea r strength of the soi l and a factor of sa fety 
i s determined. Three general types of limiting 
equi lib ri um methods are used and incl ude the 
following: 

~1ethods that consider the 
failure mass as a whole. 

Methods that divide the failure 
mass into a number of slices. 

~1ethods that assume failure 
along one or two failure 
planes (Wedge methods). 

Figure ll-4 illustrates each of these method s. 

(b) METHOO OF SLICES 

(c) WEDGE METHOD 

Figure 11 -4. Variot.:s methods of slope stability 
analysis (after 1\'hitman and 
Baily, 1966). 

The friction circle method is often used 
when considering the freebody as a whole. 
Thi s method assumes a circular failure surface. 
Figure 1 I - 4a is an example of thi s approach. 
Several versions using the method of s li ces exist. 
The most common inc l ude the Fellenius method, the 
Simplified Bishop method, and the Morgenstern-Pri ce 
method (Whitman and Baily, 1966). The Fcllenius 
and Simplified Bishop methods assume c ircular 
faj lure surfaces while the ~!orger.sterr. -Pr ice 

method will handle non-circular but curved 
failure surfaces . When using the method of 
slices the failure mass is divided into a number 
of verti cal slices and the equilibrium of each 
slice is consiJered i n the analysis. 
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The basic principles of the above stated 
methods 3re discussed in detai I in most soil 
mechanics textbooks such as Lambe and \\'hi tman 
(1969) and by Whitman and Baily (1966). 

All limiting equilibrium methods are 
statica 11 y indeterminate and, therefore, a num­
ber of assumptions must be made in order to 
solve the problem by statics. The number and 
nature of the assumptions account for the d i r­
ferences in the various 1 imiting equilibrium 
methods. Table Il-l lists severa l equilibrium 
methods and gi vcs some indicat ion as to their 
basic differences and asswnpt i ons. 

Total and effective stress 
methods 

Two gene r a l methods can be used to specify 
the s trength parameters for a I imiting equilibrium 
analysis. 'Jhe selection of strength parameters 
to be used depe nds on ho~o~· the excess pore pres­
sures are to be accounted for in the so luti on. 
The methods are referred to as e ffective stress 
and total stress metho<.l s of analysis. 

Tota l st re ss methods . In a total stress 
analysis the shear strength parameters are deter­
mined from a total strength envelope (see Chapter 
Ill ). Laboratory tests ar·e conducted on s amples 
that are assumed to develop pore pressures during 
shear equal to those which wi II occur in the em­
bankment. The total stress analysis is generally 
applied to undrained conditions where loads are 
applied rapidly enough :.hat pore pressures c annot 
dissipate. For earth dams the end of construction 
condition and sudden drawdown arc genera ll y per­
formf'd on a total stress basis . 

Effective stress 11ethods. An effect i ve 
strength envelope (Chapter Il l ) also provides th e 
strength parameters nee.:ied for a stability analy­
sis. Effective strength parameter s are generall y 
determined from a canso! ida ted undrained test 
with pore pressure measurements. The actual pore 
pressures which develop in the embankment at the 
failure surface are estimated and used i n the 
s tability computations. The steady-state seepage 
cond ition for earth dams is usually performed as 
an effective stress analysis. 

Relationship between both methods. Both 
the effective and tot<.tJ stress methods of analysis 
will result in the same factor of safety provided 
that the pore pressures arc accurJ t e ly accounted 
fo r. Problems associated with each method occur 
when tryjng to estimate the pore pressures. One 
advantage of using an effect i ve stress method i s 
that pore pressures in the embankmen t can be 
moni tored by field i nstruments and design changes 
can be i mplemented as required when excessive 
pore pressures are measured. 



Table II-1. Limiting equilibrium methods and equilibrium conditions (after Duncan; class notes ) . 

Procedure 
Equilibrium Conditions Satisfied Shape of 

Overall Ind. Slice 
Moment Moment 

Ordinary Method of 
Slices 

Yes 

Bishop's Simplified Yes 
Method 

Janbu' s Genera 1 i z;ed 
Yes 

Procedure of 51 ices 

Spencer's Procedures Yes 

Further discussion regarding total and 
effective stress methods is presented by Bishop 
(1960); t.ambe and Whitman (1969); Tenaghi and 
Peck (1967); and Whitman (1960). 

General Cons iderations Regarding Settlement 

of Earth and Rockfill Structures 

Methods for settleme:tt analysis of natural 
soil deposits are established, (Dunn, Anderson 
and Kie fer , 1976; Lambe and Whitman, 1969; 
Taylor , 1948; 'ferz; aghi and Peck, 1967; and 
U.S. Army Corp of Engineers, 1953). Procedures 
to predict the magnitude and rate of settlement 
of earth and rockfi ll erabankments are not well 
estab1 i s hed. The mechanics of rockfi II s and 
the compressibility of rock fills arc discussed by 
f.1arsal (1973) and Sower et at. (1965). Sowers 
et al. (1965) s tudied the compressibility of 
broken rock and suggested a method to predict 
the l ong-term s ettlement of rockfills. His work 
is summariz;ed be l ow . The magnitude of settlement 
of rockfill dams when expressed as a percentage 
of the fil l height is related to the method of 
construction rather than the dam height, type, 
or rock type. 

The rate of settlement characteristics of 
several rockfi 11 darns were measured by Sowers 
et al. (1965). These measurements indicated that 
settlement versus log of time plots as a straight 
line. Therefore, settlement can be estimated by 

where a is the slope of the settlement versus log 
time p lot. Va lues of a for the dams considered 
by Sowers et al. ( 1965) ranged f rom 0.2 to LOS. 

Sowers et al. (1965) also performed compres­
sion tes ts on samples of crushed rocks taken from 
the dam sites. These tests showed the settlement 

No 

No 

Yes 

Yes 
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Fa il ure 

Ver. Hor. 
Surface 

No No Circu l ar 

Yes No Circular 

Yes Yes Any 

Yes Yes Any 

log time relationships for the crushed rock s were 
similar to the observed field relationships . 
Furthermore, rates of settlement were accel e r a ted 
by applying water to the laboratory samples. Be ­
cause the laboratory settlement curves were 
simi liar to the field curves, Sowers et al. (1965) 
indicate that rockfill settlements can be 
accurately predicted from laboratory tests. 

Sowers et al. (1965) suggest that the mech­
anism of creep settlement involves continual crush­
i ng of particle co"tact point s lolhi ch caus es r e ­
distributions of stress concent r ations . 

"The time dependent compression 
of the mass can be explained by 
the local crushing o f one point 
which causes a local redi s tribu ­
tion of stress and a s l i ght sh if t ­
ing of the particles which i n 
turn, brings added cr ushing of a 
new location. The number of 
fresh faces and points subject 
to crushing becomes tess a s 
each point in turn is crushed 
and so the rate decreases, a 
process which can be expressed 
by a straight 1 ine on a semi 
log plot". Sowers e t al. ( 1965). 

Why water accelerates the rate of settlement 
is not well understood . Sower et al. (1965) 
suggested that possible increases in local shear 
stresses develop at contact points as water 
enters microfissures near or at contact points. 
However, additional studies into the causes of 
acce l erated rates of settlements have not verified 
this hypothesis and the matter is not resolved at 
present. 

Stability of Coal Waste Ellbankments 

Studies related to the stability of coal 
waste embankments are presented by Cowherd (1977 ) 



and Huang (1977). !luang {1977) describes a 
procedure for developing design curves for 
mine s poil ban ks and hollow fil l s to be used as 
construction guide lines so that a factor of s afety 
against failure o: 1.5 can be obtained. Two 
modes of failure are con s idered and include a 
cylindrical failure through the fill of the embank­
mt:lll uuly, ii lu..l failure along the foundaliun­
cmbankment i nterface. 

Cowherd (1977) describes three slope stabi 1-
ity case studies. The first study describes a 
d isposa I faci1 i ty constructed principally from 
fine refuse or t a ilings. The second study 
describes a s l ope stability investigation and 
analysis for a waste disposal facility con­
structed with combined refuse. The third study 
involves an end dump constructed or, angle of 
repose facility containing overburden spoil 
waste. Because of the obvious s i milarities 
between this disposa l facility and embankments 
constructed by using the free flowing method 
in Southeastern Idaho, a brief di scussion of the 
study is presented below. 
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The spoil material consisted primarily o f 
rock. Because of the construct ion method, the large 
rocks ro ll down to the vall ey floor and are located 
in the lower l ayers of the fill. The smaller parti­
cles are near the top of the fi I 1. To determine 
strength parameter the c ross-section studied was 
first divided into severa I layers. The uppermost 
layer ~.::onta.ineU maximum ~J<Jitir.:l t:: ~i z.t::s le~~ than 
six in in diameter. Trlaxlcli shear strength tests 
were conducted to determine the angle of inter-
nal friction and cohesion of the material in this 
layer. The lower layers consisted of rock m,1teria l 
too large to be tested in the laboratory. There­
fore, a review of literature concerning the strength 
and unit weights of such rockfi lis was conducted 
and friction angles as well as unit weights were 
then estimated based on this literature review. 
stability analysis was then perfomed. The results 
l~dicat ed the facility was adequately safe against 
slope failure. A stability analysis similar to 
this could probably provide a reasonable estimate 
of the factor of safety against failure for enJ­
dumped or ang l e of repose dtunps constructed in 
Southeastern Idaho. 



CHAPTER I I I 

FIELD AND LABORATORY TESTING 

Purpose and Types of Tests 

Laborntory tests were conducted for the pur­
pose of c lassi fying the spoil dump material and 
f or determining the permeabili.ty, compressibility 
anJ shear strength characteris tics of the spoil 
material. The laboratory tests included grain 
size analyses, o\tterbcrg Limits, specific gravity, 
compaction, permeability, compressibility and 
shea r strengt h. Nutrient analyses ~o.·ere conducted 
to de tcnnine de ficiencics in the fertility of 
the spa i I mate1 i a 1, and two x-ray powder di ffrac­
tion tests were conducted on rock specimens. 

Field tests were performed to detennine t he 
effect of canst t'uction methods on the inplace 
dry unit weights of the spoil embankments. In­
place dry unit weight and field moisture tests 
were condu~.: t ed. 

The follohing material in Chapter III is 
organi zed into three general sections, The 
first section describes when and where samples 
of the mining s poil were obtained. The last 
two sect ions canst i tute the majority of the 
m<lterial presented and include first a description 
and appli cations of the types of tests conducted 
and second a d iscus sion of the test results. The 
sec ti on discusdng the description and application 
of the tests b. incl uded for the reader who i s 
not famil iar with soi l s testing and the enginee r­
ing properties o f so i I s . 

The laboJ·:~to 1 ·y t es t s we re conducted on sam­
ples of middle waste s ha l e material taken from 
the active Wool ey Valley and Maybe Canyon Mine s . 
Sixteen samp l es were obtained from the Wooley 
Valley e rosion study plots in October 1975. 
Ni ne samp l es wcr·e taken from the surface of the 
North Maybe Canyon dump; four of which were ob­
tained on April 13, 1976 and an additional 
five obta ined on July 23, 1976. Ten samples were 
ob tained from the surface of dump number six at 
!Vooley Valley ; f ive of wh i ch were obtained Jul y 
24 , 1976 and ar additional fi ve were taken on 
August 2, 1976 Laboratory tests we r e also 
cont.lucted on s: mples o f chert material taken 
from bo th the l•oo ley Va ll ey and Maybe Ca nyon 
Mines. The lolation of a ll midd l e waste s ha l e 
s"'mp l es and co• respond ing sample number desig ­
no:~tion s a r c Sluoma ritcd on Figures IJI-1, III- 2 , 
and i. n Tab l e I 1-1. 
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Description and Usc of Tests 

Classification tests 

Classification tests inc luded: Gra in size 
analysis, Atterberg Limits, specific grav ity and 
x-ray powder diffraction. A grain s iz e analys is 
gives the distribution of partic le sizes that 
make up a given soil. These ana l yses included 
sieve and hydromete r analyses (ASTM D-422-63) 
and the results were plotted on a gr:lin size distri­
bution curve. Liquid and plastic li mits (Atterberg 
Limits) represent water contents for fine-g1.1ined 
soils which define the boundar ies between a liquid 
state and plastic state and a pla st i c sta t e .:md 
semi solid state respective ly. The Atterberg 
Limits provide tremendous insigh t as to the gen­
eral engineering behavior of fine-g rained so i Is. 
Atterberg Limit tests were performed accord ing to 
methods ASTM-0 423-61 -T and ASnt·D 424-59. Specif­
ic gravity is defined as "the rat io of the weight 
in air of a given volume o f material at a stated 
temperature to the weight in air of an equal vol ­
ume of distilled water at a stated temperature" 
(ASTM Corrunittee, 1977). Specific gravity t ests 
were perfonned acco1·di11g t o ASTr-I-D 854-58. The 
specific gravity of the solid particles wen 
determined from these test s , X-ray diffraction 
tests are useful in determining the c rys ta I 
structure and clay mineralogical com position of 
both rock and fine-grain soils . 

f\ grain s ize distribution together with the 
Atterbcrg Limits are used as the basis for classi­
fyi ng soils under the Unif:icd Soi l Cl assification 
System (ASTM-0 422-63). The Un i f ied Soi l CJD.ssi­
ficat ion System groups soi I s depend i ng on the per­
centages of coarse and fi ne part icles as I>'C l I as 
the nature of the fine particles. The fiel d 
identification procedure and the laboratory classi­
fication cr iteria are given on Figure 111~3 . 

This classific:ttion sys t em serves as {I guide 
for determining the suitability of soils for various 
engineering purposes. An enginee ring use chart 
for soi Is has been developed and pub! i shed by t he 
Department of Interior, Bureau of Reclanwti on 
(1960). The chart is based on the Unifi cd Soi 1 
Classification System and i s shown in Figun' Ill-4. 
TI1e engineering use chD-rt provides an indicat ion 
of some of the important engineering properties 
typical of various soi 1 groups. 
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Figure IIT-1. Sampling location North Maybe Canyon Dump. 

Not to Sea le 

Sample T- la through T-9a 

Samples S-la through S-8a 

Figure III- 2 . Sampling l ocations Wooley Valley Dump No. 6. 
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Table 111- l. Sampl e numbering system . 

Sample 
Number Date Obtain Location Obtained 

S- la October 1975 Forest Service Plots, Wooley Valley 

S-2a October 1976 Forest Service Pl0ts, Wooley Valley 

S-3a October 1975 Fore:s} Service Plots, Wooley Valley 

S-4a October 1975 Forest Service Plots, Wooley Valley 

S-5a October 1975 Forest Ser vice Plots, Wooley Valley 

S-6a October 1976 Forest Service Plots, Woole y Va 11 ey 

S-7a October 1975 Forest Service Plot s, Wooley Valley 

S-Sa October 1975 Forest Service Plots, 1\'ooley Valley 

T-la October 1975 Forest Service Plots, Wooley Valley 
T-2a October 1975 Fore s t Service Plots, Wooley Val l ey 
T-3a October 1975 Fores t Service Plots , Wool ey Valley 
T- 4a Oc t ober 1975 Forest Service Plo t s, Wooley Valley 
T-5a October 1975 Forest Service Plot s, Wooley Va lley 
T-6a October 1975 Forest Ser vice Plots, Wooley Valley 
T- 7a October 1975 Forest Service Plot s , Wooley Va l ley 
T-Sa October 1975 Forest Service Plot s, Wooley Valley 

'IC- 1b April 13, 1976 North Maybe Canyon Dump 

MC-2b April 13, 1976 North Maybe Canyon Dump 

MC-3b April 13, 1976 North Maybe Canyon Dump 

MC-5b April 13, 1976 North Maybe Canyon Dump 

MC-lc Jul y 23, 1976 North Maybe Canyon Dump 

MC-2c Ju l y 23, 1976 North Maybe Canyon Dump 
MC-3c J u l y 23, 1976 North Maybe Canyon Dump 
~K:-4c Ju l y 23, 1976 Nor th Maybe Canyon Dump 
M:-Sc July 23, 1976 North Maybe Canyon Dump 
WV- Jc Ju l y 24, 1976 Woo l ey Va lley Dump Six 
WV-2c July 24, 1976 Wooley Va lley Dump Six 
WV-3c July 24, 1976 Woo ley Vall ey Dump Six 
WV - 4c July 24, 1976 Wool ey Va lley Dump Six 
WV-5c July 24, 1976 Wooley Valley Dump Six 

WV-1d August 2, 1976 Woo ley Valley Dump Six 
WV -2d August 2, 1976 Woo l ey Valley Dump Six 

WV -3d August 2, 1976 Wooley Valley Dump Six 

WV-4d August 2, 1976 Woo ley Valley Dump Six 

WV - 5d August 2. 1976 Wooley Valley Dump Si x 
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Figure III-4 . Engineering use chart for soi ls (after Department of Interior, 
Bureau of Re c lamation, 1960). 

Compaction tests 

Compaction of material in the spoil dumps 
resu lts only from the mov ement of earth hauling 
and placing equipment. At present no attempts 
are made to achieve uniform compaction by using 
compaction devi ces . The result is a relatively 
loose l y deposited fill with a range of relative 
compactions and f ield moisture contents. The 
i nitial in-place unit weight of spoil dump 
material i s influenced by the compaction effort 
and the water content during placement. Com­
pressibility, pe rmeability and s hear st r ength 
wi 11 depend on the initial unit weight of the 
materia l and placement moisture content during 
placement. It was, therefore , important t o 
establish the va lues of fi e ld moisture content s 
and the re lati ve compaction of the fi ll material 
as it was placed in the spoil dumps. The relative 
compaction i s de fined as the ratio of t he dry 
unit weight of t he fill ma terial to the max imum 
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dry unit we ight of th e f ill material as de t enni ned 
from the s tandard proctor compaction test (describ­
ed below) expressed as a percent. 

The maximum dry unit weight of the mate ri a l 
was determined from the standard proc tor compaction 
test (ASTM 698-64-T Method C). The compac tion t est 
relates the compacted dry unit weight to the re­
molding moi s ture content fo r a standard compact ion 
effort. The compaction effor t for thi s study 
consisted of dropping a 5.5 lb (24 .47 N) hammer 
25 times through a height of 12.00 in (305 mm ) onto 
each of three successive layers of soil i n a 
proctor cylinder. The proctor cylinder is 4.00 in 

~!~;a~~ !n v~i::t~~ ' 1~3~0 f~~ g~:o ~) ~~~§hm!~~ 
The proc tor cylinde r and hanuner are s hown on Figure 
111-5 (see page 24). Severa l specimen s are i ndi­
viduall y compac ted jn the proctor cy linde r at 
various moisture contents and the result s arc 
p lotted as dry unit wejght versus moi sture con tent. 
The moisture conten t whi ch produces the maximum 



dry unit we ight i s the opt imum moisture content 
for the compaction effort used. 

For a cohesive soil this compac tion curve 
wi 11 ge nera l Jy indicate that as the moisture con­
t e nt increases the dry unit weig ht increases t o a 
peak and the n decreases a s shown on FiRure !II-6. 
Also, s hown in Figu re III-6 is the effect of in­
creasi ng t he compaction effort on cohesive soils. 
By changing the field moisture content dur ing 
placement, the re l at ive compaction of cohesive 
so i l s can be controlled without changing the 
compaction effort. 

i 

High compactive 

e~ffort <f>.r0 <i,.. 
"o· 
'"'• 

moisture tests were performed according to 
the laboratory determination of moi s tu r e content 
met hod, 0-22 16-63T. ~loisture content is defined 
as the weight of water in a soi l volume divided 
by the oven dry weight of soil. The soil is 
dried at a temperature of 110 ! 5 degrees centi­
grade. 

t 

C Moisture Content ..,. 
Q 

Moisture Content ...,. 

Fi gure 1 II-6. Moisture density relationship 
typica l o f cohesive soils a l so 
showing the effect of increased 
compaction effort. 

For a cohcsionl ess soil the maximwn C:ry 
unit we.ight is not as well r elated to moisture 
content and may be similar to the plot shown in 
Figure III -7. For a clean cohes i onless material 
the maximum dry unit weight is obtained wh en 
the samp l e is a.i.r dry or completely satura ted. 
At l ow moisture contents the rearrangement of 
parti c l es is probably resisted by capillary 
forces, thus , resu 1 ting in l ower unit weights 
(Lambe a nd Whitman, 1969). 

The fi e ld tests of in-place unit weight s of 
the materia l were de te rmined by the sand cone 
method, ASTM-D 1556 -64. The sand cone apparatus 
is shown on Figure II I-8 (see page 24). The 
t es t s were conducted by determ i ni :1g t he 11eight 
of a test sand requi red to fill a small hand-
dug ho l e . The density of the sand was known 
and , therefor e , t he vo l ume of t he small ho l e could 
be determined. The wei Rht of dry soil r emoved 
from t he ho le s ~o.as then determined and the i n ­
p l ace dry unit ,,•eights were calcu la t ed. Field 
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Figure III- 7. Moi sture density relationship 
typical of c lean cohes i onless 
soils. 

Permeabi I i ty tests 

The rate at whi. ch water flow s through a soi l 
influenc es the shear s treng t h, canso! idation and 
erosion properties of the mat e ri a l a s we ll as the 
infiltration and water holding capaci ty of the 
soil. Permeability t e5tS we r e perfo nned on several 
samp l es using constant head pcrmcametc rs (Lambe 
and Whitman, 1969). The sampl es were prepared 
at var i ous degrees of r e lati ve c ompaction to 
simulate various field condition s . Fi gure I II-9 
(sec page 24) , shows the con s tant head permeameters 
used in this study. 

Percolation tests were also conducted in 
chert material on the north wing of the. fill be i ng 
pla ced at the South Maybe Canyon Dump. The tests 
were c onducted at an elevation of about 125 ft (38m) 
above the base of the dump. Two test si t Ps were 
se lected. At each site a four ft (1. 2 m) d:iameter test 
a rea was created by h.:md shoveling a sma l l dike 
int o the shape of a ci"rc lc. A two-in throat 
Parshall fl ume was placed through the dike and 
used t o measure the flow rate of water into the 
test area. Water was supplied from a water truck. 
The tests were conducted for the purpose of esti­
mating t he capacity of the frenc h drain c ur rentl y 
bei ng constructed at th e South Maybe Canyon Dump. 



Compression tests 

Compression tests were performed on samples 
of c hert a nd waste s hal e material. The testing 
apparatus consisted of a st andard 2 . 50 in (63.5 ITI!l) 
diamet e r fixed ring consolidome ter as sho'Wil on 
t he schema t ic of Figure III - 10. The consol i c..l omc ter 
was p l aced i n a loading frame as shown on Figure 
IIf - 11 (see page 24). A 4 . 44 i n (112.7 mm) 
diameter fixed ring consolidometer was used on 
some of the waste s ha le samples. Loads were 
a ppli ed to the s amples in increments for which each 
i ncrement doubl ed the previous load on the sam-
ple. The maximum load produced a pres sure of 
about 32,000 lb/ ft2 (lS32.1 kPa). The materia l s 
could be sa turated through a small hole in the 
s i de of the con so l idometer. 

The compression tests wer e used to eva luate 
the rela t ive compressibility of the s poil material, 
and to predict post c ons truction sett lement. 

Figure III-1 0. Schematic diagram of compres­
sion t est. 

Shear strengt h t ests 

Eva luating the s hear strength parameters o f 
the spoi l ma t erl al was accomplished by conducting 
severa l t r iaxial shear and direct shear strength 
t ests. 

Triaxia l s hear t es t s. Triaxial shear tests 
were conduct ed on cylindrical soi I samples. 
These samp l es we' re placed in rubber membranes and 
s ubjected to an a 11 round confining pressure in 
t he apparat us shown in Figure III - 12 (see page 25 ) . 
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An axial load or deviator s tress was then applied 
through a proving ring unt i I t he sample fai I ed . 
Several s amples were t ested at different confin­
i ng pressures. 

Direct shear tests. Direct shear tests 
were conducted on samples placed in the cylindri­
cal shear box shown in Figure I IT - 13 (see page 25) . 
A normal load was placed on the s ample. The sam­
ple was then subjected to a horizontal s hearing 
load until i t failed. 

Results from the triax i a l shear and direct 
shear tests were used to plot Mohr' s failur e 
envelopes for various conditions. The va l ues of 
the friction angles (4>) and the cohesive s t reng th s 
(c) we re determined from these failure envelopes. 
The va lues of 4> and c are usefu l in determining 
the s tructural behavior of the soi l for various 
condi tions. Mohr' s failure envelope is based on 
Mohr's failure theory and is discussed in the next 
section . 

Mohr 's f ai lure theory. A Mohr's fai l ure 
envelope can be establi shed from the resu l ts of 
e ithe r direct shear or triaxia l shear strength 
test s. In a direct shear test a normal load is 
applied to the sample whi ch is then subjected to 
a horizontal shearing load as s hown on Figure 
III-14. The shearing load is increased unti 1 the 
sampl e fail s. The norma l .;; tre ss and s hearin g 
stress are then determined and represent the 
stress conditions on a ho rizonta l plane at t he 
time of failure. The hori zont a l plane i s the 
plane of failure. The normal stress and s hearing 
stress on the failure plane are then plotted on a 
coordinate grid and repres ent a point on Mohr' s 
failure envelope. The normal s tress is pl o t ted 
a long the hori zontal axis and the s hearing st r ess 
i s pl otted on the vert ica l axi s. The verti cal 
axis actually r epresents the shear strength of 
the soil once the fail ure envelope has been con­
structed. The failure enve l ope is approximate l y 
a straight line which connects several point s 
established from a series of direct shear t es t s 
conducted at different normal loads, see Figure 
III-lS . All points on the envelope r epresent a 
c ritical combination of shearing and norma l s tress 
that c onstitute failure. A point whi ch fall s 
above the failure envelope such as point F in 
Figure III-IS represents a condition whic h is not 
possible since the shear stress associated with 
this condition is greater than the s hear strength 
the soil can exhibit under t hi s particular normal 
stress . A point which fall s below the failure 
envelope such as point E in Figure III-IS ha s a 
shearing stress less than the ac tual s treng th 
of the soil at this particular normal stress 
and, therefore, represents a safe cond i tion . 

Mohr's failure enve l ope can also be obtained · 
from a series of triaxia l t es ts. The fa i lure 
envelope is constructed tangent t o a series of 
Mohr's stress circles whic h represent the stress 



Figure Ilf -5 . Proctor cylinder (l/30 ft
3 

volume (9. 40 x I0-4 m3)) and 
5 .5 lb (24.47 N) hammer . 

Figure 111-8. Sand cone apparatus for deter­
mining the in-place dry unit 
weight. 
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Figure III-9. Constunt head pcnneameters . 

Figure 111-11. 4.4 in ( 1.1 2 x 10- 1 m) diameter 
fixed ring consol idometer and 
loading frame . 



Figure III-12. Triaxial testing apparatus also 
showing back pressure device. 

Figure IIr-13. Direct shear testing apparatus. 
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Direct Shear Test Apparatus 

Figure III-14. Il lustration of the direct shear 
test (after Dunn, Anderson and 
Kiefer, 1976). 

0 

~ 
V1 

ro EEl 

O'o Normal Stress 

Shear Strength Envelope 

Figure III-15. Failure envelope established from 
d i rect shear testing (after Dunn, 
Anderson, and Kiefer, 1976). 

condition at failure during triaxial tests conducted 
on samples at different all around confining pressures 
as s hown in Figure III-16. Again, the vertical axis 
represents shearing strength and the horizontal 
axis represents the nonnal stress. Each Mohr ' s 
circle is established by measuring the major and 
minor principal stresses, a 1 and a 3 , respectively, 
at failure. In a triaxial test the vertical and 
horizontal planes are the principal planes (no 
shear stresses exist on these planes) and, there-
fore, the principal stresses are the confining 



pressure (o
3

) and the confining pressure plus the 
additional applied axial stress at failure (a1). 

Norma l Stress - cr 

Figure JII-16. Failure envelope shown tangent 
to Mohr's circles from three 
triaxial shear tests (after Dunn, 
Anderson and Kiefer, 1976) . 

The ang le at which the failure envelope is in­
clined relative to the horizontal axis is the 
angle of interna l frict ion (¢1) of the soil and the 
i.ntersection of the envelope with the vertical 
axis represents the cohesive strength of the soil. 

Three types of drainage conditions are gen­
era lly associated with triaxial testing and are used 
to s imulate different field conditions. These d rain­
age conditions include unconsolidated undrained , 
consolidated undrained, and consolidated drained. 

The unconsolidated undrained test . The un­
consolidated undrained test (UU) is used to simu­
late a s hort-term or end of construction condi tion. 
The sampl e is placed in the pressure chamber and 
subjected to an all round confining pressure with­
out a llowing the sample to drain. Directly after 
the confining pressure is applied, an axial load 
is applied. No drainage is allowed during test­
ing. Several t ests are conducted at various con­
flning pre ssures and the failure envelope is 
cons tructed. The resulting strength is cal led 
the undrained strength. These strength parameters 
a r e used in a total stress stability analysis. 

The canso Udated undrained tes t. The con­
so l ida t ed undrained test (CU) generally is used 
to simu late a long-term condition. The sample 
is placed in a pressure chamber and subj ected to 
an a 11 round confining pressure. The sample is 
then al lowed t o completely consolidate under 
the influence of the confining pres sure . When 
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the sample has consolidated, the drain lines are 
closed and an axial load i s applied until f a ilure. 
The test is repeated for several different con ­
fining pressures and t he st r e ngth envelope can be 
developed on the basi s of total st resses. This is 
a total stress envelope. When the drain lines 
remain closed during the application of the axial 
load, pore pressures build up in saturated samp les. 
These pore pressures can be effectively measured 
by means of a pressure transducer connected to 
porous stones at the end of the soi 1 specimen. 
The pore pressure at the time of failure can then 
be subtracted from the total pressures and the 
effective stresses are obtained. Mohr's stress 
circles can then be plotted in t erms of effective 
stresses . This shear strength envelope is an 
effective strength enve lope and the resulting 
e ffective strength parameters can be used in an 
effective stress analysi s . A t ypical example of 
both total and effective strength envelopes as 
determined from a OJ te s t with pore pressure 
measurements are s hown on Figure 111-17. 

_,_ 
Figure III-17. Total a nd effect i ve st r ength 

enve lopes from CU triax ial 
shear tests on a norma l l y 
consolidated c lay (aft e r 
Dunn, Anderson, and Kiefer, 
1976). 

The consolidated drained test. The consoli­
dated drained test (CO) is conducted similar to 
the consolidated undra i ned test except that the 
sample is allowed to drain upon application of 
the axial load. To obtain meaningful res ults 
the load must be applied s 1 ow enough to allow 
for complete drainage (i.e ., no build-up in excess 
pore pre fsure . The t est is repeated fo·r severa 1 
different confining pressures and the resulting 
strength envelope is an effec t ive stress envelope. 
Because fine-grained so il s such as clays and silts 
drain very slow the CO tes t c an be very time 
consuming and, therefore, is not always pract ical 
to perform. 



Back pressure saturation. Perfonning a con­
solidated und rained test with pore pressure measure­
ments requires the t est specimens to be comp let ely 
saturated. Satu ration can normally be achieved by 
applying a back pressure to the soil specimen. The 
b;Jck pressure disso l ves air which is entrapped in 
the ~amp lc~ pore spaces. The degree to which the 
sampl e is saturated is checked by increasing the 
cell pressure and measuring the corresponding in­
c rease in pore pressure. When the ratio of the 
increase in pore pressure (l:.u) to the increase 
in cell pressure (.6cr3 ) is equal to one the sample 
is 100 percent saturated. The ratio of b.u/b.o3 
is known as the "B" value. A "8" va lue of 0.95 
was accepted as adequate saturation for the midd 1 e 
waste s hal e samples . Figure III - 12 shows the 
back pressure apparatus used to saturate samples 
during triaxial testing. The back pressure devi"e 
is incorporated as part o f the triaxial testing 
machine. The b<Jck pressure and cell pressure are 
increased i.n i.nc rements unti 1 the specimen is 
sufficiently saturated . The samp le is then sheared. 

Nutrient tests 

The nutr ient ana l ysis is used to determine the 
deficiencies in the fertility of the soil. Ferti­
lization recommendations are made based on the 
known fertilizer needs. Nutrient tests on spoi I 
samples were performed by the Soils Testing Labora ­
tory, Utah State Unjversity. 

Result s of the Field and Laboratory Tests 

Classification tests 

Gra in s i ze distributions were determined for 
17 samples, F i fteen of the samp 1 es were taken 
from the Wooley Va ll ey erosion study plots a11d 
two samp l es were obtained directly from su rface 
spoil material at the North Maybe Canyon Dump. 
Particles larger than approximately 3.0 in 
(7S lllll ) in diameter, were discarded upon visual 
inspection during sampling. The results of the 
grain size tests a re s hown in Figures Ili-1 8 , 
IIf-19, and IIT- 20 and summarized in Table III- 2. 
The mate rial class ifies as a silty-clayey gravel 
accord i ng to the Unified Soil Classification Sys­
tem. Typically, t he material is composed of 30 
to SO percent gravel , 27 to 37 percent sand 
and 26 to 40 percent silt and clay. 

Atterberg Limits were detennined for 17 
samples . Fiftecu samples were obtained from 
the Wooley Valley erosion study plots and two 
samples from spoi l material at the North Maybe 
Canyon Dump. The results are shown in Table 
III- 2 and summarized on the plasticity chart of 
Figure IJI- 21. fhe pla s ticity chart is a plot 
of l i.quid I imi. t on the hori zonta I axis and 
plasticity index (liquid limit min us plastic 
limit) on the VCI"tica l axis. The chart is 
divided into r egions. Inorganic c l ays lie 
above t he A-line (see c hart) and inorganic and 
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organic silts !i.e below the A-line. The fine­
gra i n soils are slightly plastic. The plasticity 
index ranges from one to nine. Low plasticity 
soi Is have liquid limits less than SO percent and 
high plasticity soils have liquid limits gre;•ter 
than SO percent. 

The results of specific gravity tests are 
sh01m in Table ITT-3. These tests were conducted 
on 17 samples from both the l'.'ooley Valley and ~lay­

be Canyon mines. The value of specific gravity 
ranged from 2 . 60 to 2 . 77. 

X-ray diffraction tests were conducted by 
the Department of Geology at Humboldt State Un i­
versity. These tests were conducted on samples 
of soft chert material obta1ned from the active 
'.Vr ?ley Valley Mining area. In addition, the rock 
specimens were examined under the petrographic 
microscope. The rock appeared to be very fine­
grai.ned consisting of angular to subangular quartz 
with traces of illite. Very minor amounts of 
chlorite and muscovite were also present. The 
quartz grains are contained in an irrep.ulntory shaped 
gray, presumably organic matrix. The rock speci-
men was classified as an organic siltstone. Al­
though there are large quantities of chert material 
at both mi•'es it is believed that some of the 
material referred to as chert . particularly the 
softer chert materials, are actually siltstones. 

Helntive compaction tests 

The r esults from the ln-placc unit weight 
a nd field moisture te sts are Sllllune~rlzeJ in Tables 
fli- 4 anr.l IIr -S. Table III-4 summurizes the 
values of field unit weights, field moistures, 
max imum dry unit weights, optimum moisture con­
tents, Jegrees of relative compaction, and field 
methods of compaction fo1· samples recovered from 
the surface of the Wooley VallE-y Dul'lp Si.'< and 
the North Haybe Canyon Dump. Table Ill-S provides 
additional information regarding the optimum moist­
ure and maximum dry unit weights for samples from 
both Wooley Valley and Maybe Canyon. Figure Jll-22 
shows a typical moisture versus dry unit weight 
relationship for the waste shale material. The 
relative compaction of the waste shale material is 
ve ry sensitive to the molding water content and 
changes in the molding "'ater content result in 
substantial changes in the degree of re lat ive 
compactlon for the same compaction effort. Changes 
in the molding water content of the waste shales 
are likely to occur and will depend on the time of 
year as well as other geophysical conditions. 
Therefore, the values of re l ative compaction pre­
sented in Table III-4 for various compaction 
methods represent on 1 y reasonab 1 e estimates of 
compaction achieved for general placement conditions. 

The relative compact i on varied depending on 
the remolding mo i sture content and compact i OO 
effort. The compactiOO effort depends on the 
type of construction method in use. The end­
dumped (free flowing) method results in a fairly 
uniform loosely deposited fill where as the scraper 
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Figure 111-18. Grain size c urves for top soil material obt ai ned from 
the Wooley Va ll ey erosion study plots, October 1975 . 
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Ta ble IJI-2. Common indexes of grain s i ze distributions. 

Diameter of 10% Finer Liquid Plastic Percent Passing Clas sific ation 
Sample No. Effective Size, o

10 
mm Limit Limit #200 Sieve Unif:ied Sys tem 

S- la 0. 0070 27 22 22 . 78% GM-GC 

S-2:~ 0.1490 24 22 8.44% GM 

S-4a 0 . 0050 23 20 28.02% GM 

S-Sa 0. 0040 23 17 33.45% GM - GC 

S-6a 0. 0033 24 22 39.70% GM 

S-7~ 0. 0045 25 15 36.23% GC 

S-Sa 0. 0119 18 17 27 . 79% GM 

T-h 0. 0088 29 23 26.24% GM 

T-2 <.~ 0. 0072 27 25 33.72% GM 

T-3a 0.0135 33 27 26.67% GM 

T-4a 0. 0062 27 23 33 . 55% GM 

T-S:1 0 . 0060 26 26 32.26% GM 

T-6 ;1 0. 0059 26 26 35.83% GM 

T-7:1 0 . 0105 30 25 27.82% G'l 

MC-lb less than 0 . 001 24 20 56.13% ML 

MC-5b less than 0.001 27 21 45 . 00% GM-GC 

T-Bn 0. 0045 29 20 29.64% GC 

Table lll-3. Sunmary of specific gravities. 

Sampl e No. Speci fie Gravit y Sample No. Specific Gravity 

S-13 2.68 T-43 2. 71 

S-43 2. 70 T-Sa 2.68 

s-sa 2 . 64 T-6a 2. 70 

S-63 2. 68 T-7a 2.68 

S-7a 2 . 75 T-8a 2. 77 

S-83 2. 77 MC-1b 2 . 73 

T-13 2. 71 MC-3b 2. 72 

T-23 2. 71 MC-5b 2.60 

T-3a 2 .66 
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Table Ill- 4. Summary of i n-place unit weight tests . 

Field Test Co•pac t ion Test 
ASDI-D 1556-64 ASn4-D 698-64T FieldC011paction Relative 

Sample No. Method C0111paction 

y.J ~ .. y=x~ . 
op 

\ 

1«:-l b 20.3 110.0 18.0 End-~ped 89.9\ Wheel Compacted 

IC-2b 97.2 19.6 !03.0 21.5 End-Dumped 94.6\ 
Wheel Compacted 

JoC -3ti 112.7 109. 0 -17.5 End-Dumped 102.8\ Wheel COI!lpacted 

99.4 16 . 9 108.5 19.5 End -Oullped 92.0\ Wheel COfllpacted 

~l:-li: 16.9 110.() 18.0 End-Oumpe<1 ?9.4\ 
No Comp11ction 

MC-4c 96.8 17 . 9 108.5 19.0 
Scuper Dumped 89.2\ Whee l Compacted Finished Area 

t«:-Sc 103.4 22.5 109.5 20.9 Scraper Dumped 94.5\ 
Wheel Compacted 

WV-2c 107.6 16.5 Scraperllulllped 93.6\ Wheel C0111pacted Finished Are:J. 

WV-3c 99.5 22.0 Scraper Dulllped 94 .3\ 
lo'heel Cooapact ed Finished Are:J. 

80.5 18.5 Scraper o .... ped 72.9\ No Cotopaction 

11-V-5c 98.6 112 .0 ScraperOulaped S8. C'. 
ll''heel C011pacted I Pass 

\loV - ld 9.9 131.4 12.4 Scraper Dumped 8l.4\ Whee l co .. pactcd 

WV-2d '·' 122.5 13.2 Scraper Dl•mped ?2.9\ No Compaction 

WV-3d 95. 3 14.0 Scraper Dumped 83.6\ Wheel Compacted 

lii'V·4d 10.8 114. 5 14 .8 Sc r~per Dumped 91.2\ 
lo'heel Compacted I Pass 

WV-5d 106.4 115 .5 16.5 Scraper Du•peU 92.1 \ 
Wheel C0111pacted 

NQTEo I lb/ft 3 •0.157~ 
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Figure 111-22. Typical unit weight moisture con­
tent relationship for waste shale 
naterial (samp l e S- la) as dcter­
lli ned by A.STM-0 698-64T, ~1ethod 
C (l 1b/ft3 = 0.157 kN/m3). 

dumped method resu l ts in a fill with varying ranges 
of relative compaction. To provide some insighL 
into the average relative compaction achieved by 
the scraper dump method relative compaction tests 
were conducted in areas receiving no compaction and 
in areas reccivlng some wheel compact ion. The 
magnitude of area which would receive wheel com­
pnction from ca1 ·Lh moving equipment was based on 
measurements of the equipment and is shown on 
Figure lii-23 (Caterpillar Corp, 1969). The aver­
age rclat l ve compaction was then evaluated. The 
results of these evaluations are discussed below. 

Hauling and placing earthfill at the Wooley 
Val Icy ~1ine is done principally by 657-B push­
pull type caterpilla r rubber-tire scrapers. The 
fill material i s placed in hori zontal lift s approxi­
r.wtely one to two ft (.3 to .6 m) thick. The J'C­

sulting dump receives a substan ti al amount of \•:heel 
compaction. The scraper tire width is about 2 ft 
9 in (6. 84 m}. The wheel base width on the sc1·aper 
is 11 ft 8 in (3.6 m). A fnlly loaded 657-B 
scraper carries about 44 yd3 (34 m3) of material. 
For a I i ft thickness of 1. 5 ft (. 45 m) the dump­
ing length would be about 68 ft (21 m). The 
length of a spoi l dump generally exceeds .1000 ft 
(305 m) and, therefore, the placement of an 
lJ ft 8 in (3.6 m) wide section over the entire 
l ength of the dump can take over ten full loads. 
If the scraper operators are instructed to 
split wheel tracks during the dumping operation, 
nearly 100 percent of t he area could receive 
some ~<:heel compaction. If, however, the scraper 
drives over the same wheel tracks during the 
placement of a si.ng le row, the area receiving 
wheel compac tion i s reduced substantially. The 
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Dumping 
!1idth 

11 ft 8 in 

r:z:::=z:::z::. A:';"ea receiving wheel compaction = 51% 

Figure III-23. Illustration of percent area re­
ceiving wheel comp:1.ction assuming 
drivers usc same tracks for every 
dumping pass (1 ft = 0.305 m). 

exact amount of area is illustrated diagrama ti cally 
on Figure III-23 and is opproxima.tely 51 percent of 
the total area. 

This would represent the minimum amount of 
are<:~ which could be covered during spoil place-
ment. The results of in~place dry unit weight 
tests show that scraper Cumped arc-as receiving no 
~o.·heel compaction have an average relative compaction 
of approximately 72.5 percent and areas receiving 
some 1-·heel compaction have a relative compaction of 
89 percent. A re 1 'lt i ve compaction of 89 percent was 
typical of arcns receiving only one wheel pass as 
well as areas receiving ~everal wh eel passes. Based 
on this data the minimum average relative compaction 
for a scraper filled spoil dump would be approximate­
ly 81 percent. The maxirrum relative compaction would 
result when the entire dump l'CCei ves wheel compaction 
and would equal nearly 89 pe1·cent. The actual rela­
tive compaction of spoi I material at the h'ooley 
Valley Dump is, therefore, likely to be somewhere 
between 81 percent and 89 pe1·cent. 1\ reasonable 
estimate would be approximatC"ly 85 percent. 

Hauling and placing earthfill nt the 1-Jaybe Can­
yon Mine is done almost entirely by end-dumpi ng mater ­
ial with off-highway end-dump trucks. The only areas 
1·ecei vi ng whee I compaction a 1·e finished areas and 
haul roads. These areas represent a small fraction 
of the entire dump. The resulting in-place unit 
weights :werage approximately 79 percent relative 
compaction. Areas receiving wheel compaction have 
substa ntially increased deg rces of re 1 at i ve compac­
tion as shown on Table Irt-4. However, these areas 
are small and constitute only a minor portion of the 
entire vo lume of the dump m<Jteri<ll. The average 



Table I I I-5. Summary of compaction tests (ASTM-0 698-64T, Method C). 

Optimum Moisture Max imum Dry 

Sample Number Content Unit Weight 

S-1 a 13.5% 117.5 lb/ft3 

S-4a 13. 5% 117.0 lb/ft
3 

S-5a 16.0% 113.2 Ib/ft 3 

S-6a 16.0\ 111.8 lb/ft3 

S-7a 16.0% 113 .0 lb/ft3 

S-Sa 12.0\ 117.5 lb/ft 3 

T-2a 17.2\ 110 . 0 lb/ft
3 

T-4a 18.4% 108.0 lb/ft3 

T-Sa 16.2\ 112.5 Ib/ft
3 

T-6a 18.5\ 108 .5 lb/ft
3 

T-7 a 18.0% 109 . 0 lb/ft
3 

MC-Ib 18.0\ 110.0 lb/ft
3 

MC-2b 21.5% 103.0 lb/ft 3 

MC-3 b I 7. 5\ 104.0 lb/ft3 

MC-5 b 19. O% 108.0 lb/ft3 

MC-1 c 18.0\ 110.0 lb/ft 3 

MC-4c 19.0% 108.5 lb/ft 3 

MC-5c 20.9% 109.5 1 b/ft 3 

WV-2c 16. 5% 115.0 lb/ft3 

WV-3c 22 . 0% 105.5 lb/ft 3 

WV-4c 18.5\ II I. 5 lb/ft 3 

WV-Sc 16.0\ 112.0 lb/ft3 

WV-ld 12.4\ 131 .-4 lb/ft 3 

WV-2d 13.2\ !22. 5 lb/ft 3 

WV-3d 14.0\ 114.0 Ib/ft 3 

WV-4d 14.8\ 11 4.5 lb/ft
3 

WV-5d 16.5\ 115.5 lb/ft
3 

NOTE: I lb/ft
3 

= 0.157 ~ 
m 
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in-place relati ve compaction at the North Maybe 
Canyon Dump is estimated at 79 percent. 

The Bureau of Rec l amation specifies rela ­
tive compactions of 95 t o 98 pe r cent of standard 
proc tor for earth dam design. Comparing the 
d('gr('es of relative compaction achieved by the 
above two construction methods with the Bureau' s 
specifications provides i nsigh t as to how well 
the spoi I materia l i s compacted upon placement. 

Penneability tests 

Results from constant head permeability 
tests were obtajned using mater ial from samples 
1-1C-lb, I\.C-2b, MC-5b, a nd S- 7a. The samp l es wer e 
prepared at a moisture content 2 percent Jry of 
optimum moisture and at relative compactions 
ranging from 86.~ percent to 94 . 8 percent. The 
results of these tests are presented in Table 
lii-6. The average permeability for these sam­
ples wa s 32 ft/yr (3 x 10-5 em/sec). The aver­
age permeability probably is representative of 
the permeabil i t y of waste shales within the 
dump. However, the effects of surface compac­
tion, weathering and siltation from surface 
erosion could suostantial l y reduce the permea­
bility at the du:np surface . This low permea­
bility at the du:np surface could then lead to 
ponding on top of the dump. 

Perco l ation tests were conducted on the 
north wing of the Sou th Maybe Dump currently 
bei ng constructed. These tests were performed for 
the purpose of determinin~ the flow capac ity of :.1 

french drain that is be i ng constructed in the 
bottom of the dump. The top surface of the test 
sites se lected were essentially hori zonta l and 
approximately 125ft (38m} above the valley floor. 
The infi ltration rates were monitored ove r a 20 
minute time period. At both sites the flow reached 
a constant rate ve ry rapidly (less than 30 sec­
onds). The infiltration rates were calcu la ted 
by dividing the measured flow rate s by the s urface 
area of the corresponding test s ite. At test si lc 

Table 1 1 I -6. Summary of permeabi I itie s . 

Sample No. Dry Unit \'lei ght (lb/ft 3 ) 

MC-2b 90.0 

MC-lb 101. 7 

MC-5b 102 .4 

S-7a 103. 2 

NOTI : : I em/sec • 1 .03 x 106 !.!. 
yr 

l lb/ft
3 

" 0.157 ~ 
m3 

one the steady-stnte inf ltration rate was 1 1 = 

4.23 x J0- 3 ft/sec !0.13 em/sec) anti at test site 
two f2 = 5.53 X 10- ft/sec (0.16 em/sec). The 
hydraulic conductivities at sites one and two will 
a l so equa l the va lues of I given above because the 
hydrau lic gradients during testing were eqw1l to 
unity. 

An estimation of the capacity of the french 
drain was subjected to a number of assumptions. 
The most crucial assumption s were probably ;!ssoc i­
ated with estimating the penneability of the much 
coarser material s in the bottom of the fill which 
constitute the french dnin and assumin g th:n 
flow through the french drain will be laminar 
(i.e., that Darcy's Jaw applies). It was estimated 
that the hydraulic conductivity at the bottom of 
the fill was about 100 times the material tested . 
H number of other assumptions were made and in­
clude: 

l. The permeabi I i ty of the french drain 
varies linearly from K = 0.50 ft/sec 
(15.0 em/sec) at the bottom to 
0.50 x 10- 2 ft/sec (0.15 em/sec) a t 
a position 100 ft (30 .48 m) from the 
bottom. 

2. The hydraulic gradient ( i ) is con ­
stant along the entire length of the 
drain. 

3. The same qu<Jntity of water i s flowing 
through all cross-sect ions of the 
french drain at the depths given a nd 
the water movement j s one-directional . 

4. The c ros s-sections of t he french 
drain do not v<Jry and arc equ:ll to 
the average values given in Table 
ITT -7 . 

Under these assumptions the capacities of 
the french drain were determined as a function of 
water depth and hydraulic grad ients (i) and a rc 
given i_n Table lll-8 as flo~>.' rates. 

Relative Compaction l'ermcnbi I i ty (em/sec) 

86 . 4~.; 2 . ss X Jo·5 

92.5% 4. 59 X I0 - 5 

94.8% 1. 92 X 10- 5 

91.3% 3.32 X 10-S 

AVERAGE 3. 10 X 10 -5 
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Table 111-7. Cross-sectional areas of french drain for various assumed de pt hs of water. 

Assumed depth Area (ft
2

) 
of Water (ft) Sec tion It 1 Section #2 Section #3 Avera2e 

5 248 124 140 171 

10 888 368 512 589 

IS 1640 752 1132 1175 

20 2980 1240 1884 2035 

25 4368 1792 2792 2984 

30 5980 2588 3764 4111 

40 9324 4472 6744 6847 

so 13460 7040 10648 10383 

NOTE: I ft = 0 . 305 m 

I ft 2 
= 0. 093 m

2 

Table I ri-8. Estimates of flow rate that the french drain might be expected to pass for 
various depths and hydrau1 ic gradients (1). Values given in the tal..le are 
in ft?;j:;cc. 

(ft~ 0.07 0 . 14 0. 21 
Depth 

0 0 0 0 

5 s. 0 10 15 

10 19. 38 57 

IS 36 72 108 

20 56 112 168 

30 lOS 2 10 3 15 

40 161 322 

so 220 440 

100 420 

NOTE: 1 ft
3 

= 0.028 ~ 
sec sec 

1 ft = , 305 m 
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Compression tests 

An eval ua tion of the settlement character­
i s tics of spoi l material was based on the results 
of confined compression tests performed on 
ples of both chert and waste shales . 

Chert material. Two grades of chert mat­
erial were tested, a hard resistive chert and a 
soft chert (more appropriate l y c lassified as a 
s11 t stone) . The material was crushed in the 
l aboratory to obtain the desired particle size. 
The hard chert material broke down into angular 
shaped particles and the soft chert material broke 
down into platey shaped particles. The crushed 
particles were screened and the material retained 
between a number 4 and 20 sieve was used in the 
compression tests. This particle size produceJ 
a 6: I ratio between the diameter of the con-
sol idomete1· and the maximum particle size. 
Sowers et a l . (1965) reconunended this ratio for 
compression tests on crushed rock. 

The compression t ests were conducted on sam­
ples subjected to three different moisture treat­
me nts. These included dry samples, samples receiv­
ing continual cycles of wetting and drying, and 
dry samples whl ch were saturated after reaching 
various stress levels. Load increments were applied 
to the samples ;md maintained constant for peuods 
of 3 to 4 days. The l oads resulted in norma I 
stresses on the samp le of 250 lb/ft2 (11.97 kPa) 
to 32,000 lb/ft2 (1532.1 kPa). The cycles of 
wetting and drylng were applied on an alternating 
basis and each cycle was maintained for a period 
of one day. The results of these test:s were 
plotted as st:ra i.n log time and stTain log pres-
sure curves. A typical strain log time curve 
is shown in Figure III-24. Strain log time curves 
for all other chert samples tested are contained 
in Appendix A. The st:rain log pressure curves arc 
shown in Figure!' Ili-25 through III-32. !'he strain 
was computed as the sett lement divided by the 
original sample height:. The strain versus log of 
time curves indLcated that both t:he hard and 
soft cherts experienced nearly instantaneou::; 
initial settlement followed by a con tinuing gradual 
sett:lement: approx imating t:he s hape of a straight 
line on semi log paper. 

The shape of the strain versus log of pressure 
curves also approximated the shape of straight 1 ines. 
Steep strai n versus log pressure curves indicate a 
compressible material and flat curves indicate mat:­
erial of low compressibility. Hard and soft sam­
ples of chert showed similar compression character­
ist:lcs when tested dry. Samples of hard chert 
showed no si.gni flcant increases in compressibility 
when treated with cycles of wetting and drying, 
however, substantial increases in compressibi I i ty 
were measured for samples of soft chert subjected 
to cycles of wetting and drying. The log of stress 
versus strain curves were nearly twice as steep for 
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soft chert samples treated 1vith wet and dry cycles . 
Large increases in settlement were also measured 
for soft cherts when sat:uratcd ;~ftcr reaching 
various stress levels. Dry samples of soft: chert 
material were sat:urated after reaching stress 
levels of 16,000 lb/ft2 (766.1 kPa) and 32,000 
lb/ft2 (1532.3 kPa). An increase in strain of 
about b7 percent occurred at 16,000 lb/ft: 2 

(766.1 kPa) while the amount of strain more than 
doubled at a stress of 32,000 lb/ft2 (1532.3 kPa). 
This increase in set:tlement occurred inuuediately 
after the samples were saturated. For a given 
stress level the ultimat:e vertical strain after 
saturation was approximately cqua l to the vertical 
strain which occurred during cycles of wetting 
and drying (see Figure 1 Il-33). The effect that: 
moisture has on the magnitude of vertical strain 
in soft chert rna teri a Is seems to be independent 
n( the nature in which it is applied, that is, if 
water surrounds soft chert materlal the magnitude 
of strain for a given load is I ikely independent 
of whether previous cycles of wetting and drying 
occurred. Samples of h:nd chert material were 
maintained saturated for over 24 hours while at 
stress levels of 32,000 lb/ft2 (1532.3 kPa) 
and no significant change in settlement occurred . 

The substantial increases in settlement of 
soft chert material when treated with water e ither 
by saturation or cycles of wetting and drying is 
not: complet:ely understood. Close examination 
of this material through x-ray powder diffraction 
revealed traces of the clay mineral illite. It 
is be 1 iev ed that: the j IIi te reacts with water to 
reduce the strengt:h of the soft che rt. One possi ­
ble explanat:ion is that the i I 1 i t:e may soften 
upon contact: wiLh water Jesu\Ling in crushj ng near 
particle cont:act: points. 

Clay chemistry and the double layer theory 
provide additional insight: concerning the soft­
ening of the illite. The lack of free water with­
in the colloidal S)'Stem results in tension forces 
in t:he double layer w;1tcr. The day part:icles, 
therefore, are held together by large capi.l lary 
forces. The add iti on of free wat:cr by saturat ion 
0r cycles of wetting and drying eliminates the 
negative pore water pressures in the double layer 
and thus, the capillary forces arc reduced. The 
material looses strength and crushing proceeds 
until the contact: areas incTcase and an equilibrium 
stress condition is reached. 

Waste shale material. Samples of middle 
waste shale material were tested to determine 
their compression ch~1racter i stics. The material 
was passed t:hrough a number ten sieve and the 
larger mat:erial was discarded. To simulate 
moist:ure placement conditions the samples were 
prepared at approxim.:~tely 2 percent dry of opti­
;num moisture cc.ntcnt. Samples ~-;ere prcpa:-eC at 
relative compaction ranging from 82 . 4 percent 
to 96.4 percent. A number of these samples 
sat:urated at various stress levels. Load 
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Figure III-26. Strain versus log pressure relation­
sh ip for soft chert subjected to 
cycles of wett ing and drying 
(1 1b/ft2 ~ .0479 kPo) . 
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Figure 111- 27 . Strai n versus log pressure relation­
ships for soft chert showing effects 
of saturation at a stress level of 
32,000 lb/ft 2 (llb/ft2 = .0479 kPa) . 
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Figure 111 -33. Strain versus l og p ressure rcJ;Jt ion­
.;;bips for sof t chert showing 
eff ect s o f mois t ure tree~tme n ts 
.: J 1b/ ft2"' . 04 79 kPa). 

in c re me nts we r e appli.cd to t he sampl es each day 
and resul ted i.n norma l stresses r anging from 
500 l b/ft (23 . ~l4 kPa) to 32,000 lb/ft ( 1532. 10 
kPa). The r esu lts a r e summari zed on strai n 
ve r s us l og t i me .:nd s t r ain versus log pressure 
curves. The s t r:ai n vers us l og t lmP. cur ves 
are conta ined i n Append ix A. A typica l strain 
ve r s us l og t ime curve is s hown on Fjgure 
111-34 . The st1·ai n ve r s u" l o~ oressure cu rves 
a re given in Fj .• urcs 111- 35 t hrough I I J -4 1. 
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The effect of compact ion on the comprc<>sihi 1-
ity of waste shale material is i !lust rated by the 
strain versus log pressure curves of F:igur·cs I I I-
39 through III-41. Increased compacticn sign:if i ­
cantly reduces the compressibility of the middle 
wastP shale materi31. 

The effect that :'111 increase in moisture 
has on the compressibility of the middle waste 
shale material is shown on Fi)(ure<; III-35 
through III-38. The I'.W;te shales are sensitive 
to water. Increases in compression occur no t 
only upon saturation but upon small increases 
in the moisture content. The strain versus l o~ 
pressure curves, Figures IJI-'::.7 :rnd III-38, show 
increased compressibi I ity at low stress leve l s as 
a result of the addition of minor amounts of water. 
the water was added to prevent these S<~mplcs from 
drying out. A minor amount of ndditional compression 
occurred upon saturation of these two samples at 
high stress l evels. rigures I TI-35 and Tll-36 
show i ncreases in compression for waste shales 
upon saturation at low stresc; levels. Any 
i ncrease in the moisture content app('ars to in-
duce compression of thC' waste shale material . 

M..1ch of the compression occurring in the 
middle l'."aste shale samples takes place almost 
immediately after the application of a load. 
This nearly instantaneous compression is fol l owed 
by a slow compression which is linear with the log 
of time much like the rate of compression for c he r t 
materia l. Complete saturation of relative l y d r y 
samp l es of middle waste shales causes an immed i ate 
increase in comprC'ssion (collapse settlement) . r f 
the moisture content is increased by ;,r small amoun t, 
the rate of increased i.:omprcssion is much slower 
as compared to the rate upon saturation. 

Additional compn: :-sion upon incn.·ases in r.tois­
run• content is proh .1hl~ l':rtl~ L' J h~· a ~.: ollapse of the 
soil structure resuJtjng from a ,·eduction in 
capillary stresses. Conpression resulting from a 
reduction in capi l lary stresses has been described 
previously. Collapse settlement is explained by 
Mitchell (1976). The middle waste shales may 
collapse when the cl.:~y particles become weaker 
as a result of swelling cnuscd by increases in 
moisture . 

Shear strength tests 

To evaluate the m.:1ss stability of spoi l dumps 
it was necessary to dctcrmi ne the !>trcngth c hara c t ­
eristics of the diffcrc•nt spoi I materials. The 
strength parameters depend on various physical 
factors some of which ;.!t'e subj en to changes. 
These factors include thu dry unit weight and mois­
ture content at the t imc of plac·cmf"nt, the c."< i sting 
pore water pressure conditions, the existing moisture 
content and the degree of c·onsol idation or ~·ompres ­
sion which has taken pl ;rce as the result of the 
overburden pressures. Both t r i ax i a I shear and 
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Figure 111-38. Strain versus log pressure relationship for waste s hal e showing 
effect of increasi ng the moisture content at low pressures 
(I lb/ft2 = .0479 kPa). 
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Strain versus log pressure relationship for top soi l m;Jtcri<ll compacted 
at 83.6~o RC (I 1b/ft2 = .0479 kP;1). 
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Figure III-41. Strain ve rsu s log pressure rel ations hip for waste shale compacted 
at 96. 4% RC (1 lb/ft2 = .0479 kPa) . 
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J.i n.-~ L s hear tests were, therefore, performed on 
s pc·~.: I mens prepared under various conditions. 
These tests were conducted on samples of crus hed 
che rt and middle waste shales. 

(ru s hed chert. Direct shear L..: .sts on sam­
ple~ of both soft and hard crushed chert \:ere 
performed. Tests were conducted on both loose 
and dense dry samples, and on saturated sam-
ple s which were soaked for over 24 hours. The 
loose s amples were prepared by pouring the mat­
eria 1 into the apparatus without compaction. The 
dense samples were prepared by vibrating the 
appar~1tus whl le pouring in the chert material. 
The apparatus was vibrated by tapping the sides 
with a rubber mallet. The saturated s amples were 
s oaked after placement and application o f the 
normal load. These samples were prepared in a 
dense state. The results of the direct shear 
test s are summari zed by stress versus strain 
curves and Mohr ' s failure envelopes , Fi gures 
III-42 through III-51. The friction ang l es for 
soft chert ranged from 48 degrees to 54 deg r ees 
for l oose and dense states r espective l y. ll::ard 
cherts exhibited fric tion angles of 44 degrees 
and 48 degrees for loose and dense states 
respectively. 

Den s ifying the chert material increases the 
friction angle for both the soft and hard chert 
material. The soft cherts exhibited greater 
friction ang l es of both loose and dense states 
than did the hard chert. Saturation had no 
appreciable effect on the value of the fri ction 
angle for either the soft or hard chert mat er i a l 

Middle waste shale. Twenty triaxial shea r 
tests were performed on samples of midd le wa ste 
s ha l e material. The test result s arc s urrunari zed 
on the s tress versus strain curves and on ~loh r ' s 
failure enve I opes, Figures Il I- 52 throuJ!h 111-
67. 

To provide usefu l result s the test specimens 
were prepared to s imulate conditi ons likely to 
occur during construction and possibl e l ong-term 
conditio n s . A number of factors were conside red 
when attempting to prepare specimen s to simu la te 
the se conditions. The results from field tes t i ng 
indicated that during construction the wa ste 
sha l e is typically placed at moisture contents 
approximately 2 percent dry of optimum. Because 
of the different construction method s used to 
dispose of the wa ste shale material the dry unit 
weight upon placement also varies from site to 
site . Therefore, triaxial specimens were 
init ial ly prepared at moisture contents 2 percent 
dry of optimum a ncl at dry unit weight s corres­
ponding to 80, 90, and 100 per<::ent relat iv3 
compa c tions. As additiona l waste s ha l e materials 
are placed in the disposal area, the lower porti ons 
of the embankme nt begin to compress under t he i n­
fluence of the overburden load. The rate at which 
this compress ion takes place is of crucia l import ­
ance. Tes t speciraens were observed to compress 
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very rapi dl y when subjected to the all round 
chamber pressures. The waste shale mater i al in 
the field is also likely to compress rapidly dur­
ing construction. It is believed that the waste 
sha l es have sufficient time to fu ll y compress 
during embankment construction. Therefore, all 
test spec imens were allowed to comp let ely compress 
under the all round chamber pressure prior to 
shear . 

The shear strength par;Hnetcrs correspond] ng to 
the during canst ruction condition were detcrrni ned 
from tests conducted on spec imcns prepared by the 
method described above. The results show t he 
material behaves essenti.:ally as a cohesionless 
material except at low pressures where the fnil ure 
envelopes change shape (see Figures lJJ-55 a nd 
:. I-57) and intersect the vertical axis ind i cating 
a smal l value of cohesive strength. This cohes ion 
is probably due to capillary forces (negative pore 
pressures) developing in the sample at these low 
pressures. This cohesion can only be mobil i zed 
at ve r y shallow depths. The va lues of the fric -
tion ang l es for the during con3trucrion cond ition as 
simulated from these tests were 31.0 degrees, 
37.9 degrees and 47.5 deJ;rees for relative com­
compact i nns of 80, 90, ;:~nd 100 pcrccnrs respective 1 y, 
see Table I I I -9. However, nssuming saturation 
occurs is reasonable and represents a condi tion 
which might result from ext reme flooding or the 
con t inual melting of laq~e sno"' masses which be-
come buried near embankment slopes. These s amples 
were initially prepared <Jt rela tive compacti on of 
80, 90, and 100 percent e~nd a.t moisture contents 
of 2 percent d ry of optimum to samulate field 
placement. The samples were then saturated 
through a porous stone connec ted to both the 
specimens and a small z·cservoi.r . ll'ater was 
allowed to percolate up through the snmple and 
out to the top of a second porous stone connec ted 
at the top of the specimen :md to il drain line . 
After several hours of percolation the drain 
valve was c l osed and any remaining entrapped ai r 
was dissolved with back pressure. After achieving 
complete saturations the spe<"imens were sub jected 
to all round confining p1·essures ;md allowed to 
consolidate completely. The axial load on the 
specimens were then increased unti 1 failure. Dur-
ing application of the axial load the pore wnter 
pressures were measured ;:and both total and effec­
tive strengt h parameters ·Here determined. The 
results are summarized on the stress versus strain 
curves and Mohr's failure enve l opes of rigures IlJ-
50 through III -67. Both total and effective f ric­
tion ang les are given in Table lll-9. The saturated 
samples exhibited no cohesive strength. 

Increased compaction improved the shearing 
resistance of both partially satur;:ated and fully 
sa turated samples. For partially saturated samples 
the friction angle increased from 31.0 degrees 
at 80 percent relative conpaction to 47.5 degrees 
at 100 percent relative compac tjon, Saturated 
samples tested under identica l conditions showed 
an increase from 15.0 dcgreC:!5 at 80 pen:eHL 
relative compact i on to r.5 degrcC's at 100 percent 
relative compaction for the values of the total 
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Figure III-60 . Mohr's tota l stress failure envelope from consolidated­
undrained triaxial shear tests with pore pressure 
measu rements ( I l b/in2 = 6. 9 kPa). 
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Table lii -9 . Frict i on angle versus compaction and moisture content for waste shale 
materi al. 

Pe r cent Percen t 
Re l at i ve Compact i on Water Con tent 

80 14% 

90 14% 

100 14% 

80 Saturated 

90 Saturated 

100 Saturated 

strength friction a ngles and the effective 
strength frictio n a ng l es i ncrease from 29.5 
degrees to 39.0 degrees for t he same specimens. 

The waste s ha l e material is very sensitive 
to changes i n t he mois t ure content. Table 
I ll-9 shows t hat both the total and effective 
angles of interna l friction were less for satur­
ated samp l es then part i a ll y saturated samples. 
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Total Friction 
Ang le ¢ 

31 .0 
0 

37 gO 

47.5° 

15.0° 

15.0° 

37.5° 

Nutrient tests 

Effective Friction 
Angle 4i 

Nutrient contents from IS samples of 
material from the Wooley Valley erosion study 
plots and two samples from the North Maybe 
C:~nyon Dump were determined by the Utah State 
University Soi 1 Testing Laboratory. The re­
sults are given in Table TII -10. 



Table [ 1!-10. Sununary of nut rient ana lysis. 

So luble 
Salt s Fe Zn Sample No. 72mm PH EC 

e 
ppm ppm Texture Lime3 

ppm ppm 

S-la 80 . 3 6.6 0 . 3 27 117 Loam 22.0 45.0 

S- 2a 92.3 7.4 0. 4 25 100 Sandy Loam 21.4 33 . 0 

S-3a 80 . 8 6. 9 0. 2 14 82 Sandy Loam 13.4 12.0 

S-4a 8!. 0 7. 7 0 . 3 35 78 Sil t Loam 17.0 93.0 

S-Sa 69.7 7.6 0. 4 37 70 Silt Loam 19.6 126 . 0 

S-6a. 68.6 7. 5 0. 3 26 64 Silt Loam 15.0 135.0 

.3-7a 6:>.6 7 . 3 0 . 3 21 60 Silt Loam 9.6 159.0 

S-Ba 75.6 7. 7 0.4 22 70 Silt Loam 13.4 84.0 

T-Ia 70.5 6 . 8 0.4 49 112 Silt Loam 0 37.0 90.0 

T-2a 74.1 6. 7 0. 3 91 190 Silt Loam 57.0 93. 0 

T-3a 69.4 6.6 0. 3 104 245 Silt Loam 93.0 96.0 

T-4a 67.5 7 . 4 0. 4 34 117 Silt Loam 25.4 96.0 

T-Sa 83.5 7.5 0.4 47 140 Silt Loam 43.6 87.0 

T-6a 78.7 6. 5 0. 8 72 160 Silt Loam 0 75.0 99.0 

T-7a 73 . 1 6.8 0. 7 60 140 Silt Loam 56.0 96.0 

MC-Ib 7. 6 

MC-2b 6 . 9 

3
0 = none . same 

++ = high 
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CHAPTER IV 

SLOPE STABILITY 

Ident if i ca tion o f Problem 

f.stablishing a s uccessful l and rehabilitation 
scheme requ ires waste disposal a reas to be free of 
1 ands I ide failures. The ear thfill embankments con­
tain ing the spoil material as well as the natural 
s lop ing surfaces upon which they are placed must 
be stabl e du ring cons truction and indefini t e l y 
thereafter. The stability of wast e spoil embank ­
ments for dumps in the mountainous terrain of 
Sout heastern Idaho i s the topic of this chapter. 

Analyzing embankment s lopes and natural 
s l oping surfa ces is very compl ex due to the 
numbe r of vari ab le conditions whic h might occur 
in combination with one another. The parameters 
used in every s lope stability inve s tigation are 
s ite dependent; each dUJlp l oca tion has unique 
characteristics which must be accounted for in 
the stability analysis. Predict ing stability 
unde r the most adverse conditions likely to 
occur requires a knowledge of basi c principles 
but al so judgment. 

It is the i n tent of thi s chapter to (1) de­
velop usefu l n :l ations hips as aids in the con­
struction of waste spoil embankments and to (2) 
il l ustrate tha t the foundation i s an important 
component of the stability of the emban km en t. 
ln order to accomplish these objectives stabi lity 
a nalyses were conducted for a number of hypot heti­
cal conditions . While these examp l es are ca lled 
hypothetical because they do not necessarily 
depict a given embankment in Southeastern Idaho 
t hey are i ntended to be representat ive of the 
s poil dumps exist ing in the phosphate mines. 
The angle of i n ternal f riction and other s trength 
parameters a r c those determined from a number 
of fi eld and laboratory tests conducted on 
samples of material taken from the spoil dumps. 
The slopes are also representative of those 
curr entl y used for the overburden dumps. 

As discussed in the Review of Literature 
c ha pt er, numerous methods for anal yzing s l ope 
s t abili ty ex i st. The Si 11p l ified Bishop method 
was used principally in thi s s tudy. This method 
assumes that fa i lure occurs along a circular 
fa ilure surface. The failure mass is divided 
into a number of slices and the vertical side 
for ces on each s li ce are assumed to cancel. 
Studies have con firmed the accur acy of thi s method 
(~torge nstern, 1965). Detailed di scus s ions con­
cerning the Simplified Bishop method are given by 
Jeppson, Hill and Tsrae lsen (1974) and in most 
soil mec han i cs t ex tbooks (Lambe and Whitman, 
1969). 
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A computer program based on the Simp! ified 
Bishop method was used to perform the stabi l ity 
computations. This program, LEASE I, was developed 
at the M.I.T . Civil Engineering Sys tems Laborat ory 
(Bailey and Christian, 1969) . The progr am inc ludes 
sufficient logic to search for the most cri t ical 
failure surface. In addition to the LEA SE 1 pro ­
gram a slope stability computer program deve loped 
by the Harz a Engineering Company (Baker, 19u 7) 
was used to analyze non- ci rcula r fai lure surfaces. 
The program uses the Harza stacked polygon method. 
A wedge method of analysis, which considers the 
free body of the failure mass as a who l e, was also 
used. 

General Foundat ion Consi derations 

Every s tability analysis require s a n assess­
ment of the foundation conditions. Unless t he 
foundation material is included in the stabil i ty 
investigation the over a 11 stabi lity of a spoi I 
dump can not be evaluated. Wa ste spoi l embank­
ments which appear adequately safe again s t s l ope 
failures can fail when the foundation i s not 
properly prepared or when t he fcunda ti on r:la teria l 
cannot adequa t e ly support t he weight of the over­
lying s poil material. A r ecent example of the 
influence of the foundati on on s lope stabili t y 
was the s lope failure at the South Maybe Canyon 
Dump {1977). Althoue. h the failur e occurred duri ng 
cons truction a nd the r esults were not catastrophic 
it d id require considerable modifica ti ons to the 
dump construc tion p lans . 

Field investigations 

The data provided by a field investigation is 
required to properly design any significant disposal 
facility (D'Appoloni a, undated) . A fi e l d inves t i­
gation can i nclude both su rface and subsurface 
investigations. In some cases a · surfac e invest i­
gation will provide suffi c i ent informati on t o 
properl y design the faci lity . The following two 
sections brief l y di scuss both surface and subsur­
face investigations. 

Surface investigation. The extent of a s ur ­
face investigation is site dependent and should be 
based on the complexity of the d isposal facility 
and site condition s. Any ava il able physica l, 
geologic, and geophysical i nformation about t he 
site should be acquiretl prior t u t he fi e l d work . 
Sources of informati on include topographic maps, 
agricultural soil survey maps, aeriil l photographs, 



rmJ pa s t s ite investigation. Wal king over the 
prnposed dumpi ng site and observing the ge ne r al 
geologic conditions, soil t ypes, relative cover, 
spr ing discharge, topographic details, or any 
ot her information whi c h may be useful in the 
slope stability analys i s can be considered 
appropriate (D'Appolonia, undated). The study 
of su r face features associated with a proposed 
d ump site can reveal the existance of old 
l ands l i des o r creeping landslides which can pre­
sent potent ial hazards. Surface cracks, bulg i ng 
ground, and depressions are signs of ground 
movement. Typi cally, tension cracks are observed 
near the crown, or head, of a slide . These are 
general ly accompanied by diagonal crack s (en 
echelon cracks ) along the flanks and bulging 
near the toe (see Figure IV-1). 

-------~ 
/ Depression ~ 

/ 
~helen 

/ 
~acks 

/ Zone 
f' ~£ Uplift 

Toe 

Figure I V- 1. C1·ack .patterns associated with ground 
movement in cohesive material 
(afte r Ritchie, 1958). 

Geologic :·oc k type and structure w.i II al so 
influence slope stabi lity. The pre sence of di s­
continuities such as bedding planes, joint s , and 
faults as well as the stratographic sequ e nce 
s hould be noted when possible. Pore wa ter pres­
sures can develop i n pervious beds bounded by 
relative l y impe ~vious soils re~ulting in a de­
crease .in the shear strength. Natura l slip 
planes can develop near bedding planes, fault s 
a nd joints. ThC' location of bedroc k oft e n 
serves as a lowC>r limit through whi c h failure 
of the res idua 1 soil mass might pass. The 
i nformation provided by a surface investigation 
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can be used to determine the necessity and ex t ent 
of a subsurface investigation. The surface i n­
vest i ga tion is a vi tal component of the design 
and analysis of every disposal facility. 

Suhsurfac:e investigation. Sub$urfacc invest i­
gations are useful i n determining the physica l 
c haracteristics of foundation materials. Such 
i nvestigations provide data about groundwater ele­
vation, seepage conditions and the shear strength 
of the soil. All of this information is requ ired 
to perform a slope stability analysis. Boreho l es 
a nd backhoe test pits provide subsurface profi l es 
a nd water surface e l evat ions. Boreholes are 
generally expensive and therefore, these locations 
shou ld be selected so that the maximum amount of 
information can be learned from minimal boring 
(D ' Appolonia, undated). Test pits provide in for~ 
mation over larger areas than boreholes and are 
generall y less expensive. They also provide 
large amounts of soi l to be observed in the field 
and also sampled for laboratory testing 
(D'Appolonia, undated). Samp l e retrieval and 
I aboratory testing arc ~sed to determine the com­
paction characteristics, shear strength, com­
pressibility and permeability of the soi 1. 

A surface investigation conducted prior to 
the design of all s poi I dumps would provide valuable 
design information and would likely prevent many 
foundation fai lures. Depending on the cond i t ion s 
observed in the field the necessity and extent of 
a required subsurface investigation can be deter­
mined. Performing a stability ntwlysis requires 
dat a on the surface topography, su1·fnc-P co nd itions, 
groundwater informati on and soi I strength. A fie l d 
investigation can provide this datil. 

Weak fo unda tions 

Embankment failures can often extend into 
the material underlying a fill (Terzaghi and Pec k, 
1967). Such n failure occurs when the foundation 
materia] is unable to support the weight of the 
overlying fil l material. f\ disposal dump may ap­
pear to be safe from f;d lure through the embankment , 
however , slope st abi 1 it y cannot be guaranteed un­
les s the foundation matC>rial can adequately support 
the weight of the spoil dump above. Embankments 
on weak foundation soi Is nrc especially suscept ibl e 
to this type of failun.' Jf weak soi I s are encount ­
ered where a disposal fc1cility i s planned spec ial 
ca r e must be taken i n designing the dump and i n 
planning its placemen t operations. 

The following hypothetical examp l e prob lem 
is presented to ii lust rate thut failure though 
the foundation can be cdticnl. 

Example: 

A 300 ft. (91. 5 m) high disposal 
dump is pl nced on a horizontal 
fou nd a t ion with tini.sh slopes of 
2~ horizontal to 1 vertical 
shown on Figure IV-2. 



T 

~ l:ste Shale 
300 ft. 

300 ft . Foundation Mat e rial 

~11/lf\(f/ii.ll \ \0\Wllt \\\XIi( "' "' (i/K\ \ Ill(\( 

Figure IV-2. Cross-section of example prob­
l em illustrating the e ffect of 
weak f oundation soil s (1 f t = 
0. 305 m). 

The stabi 1 i ty of the dump was evaluated for the 
following foundation conditions: (1) the founda­
tion material consists of a fairly stiff competent 
granul ar soi l , and (2) the foundation material 
consis t s of a rather l ow strength c lay soil. The 

~ t:e~~t~e~~~~=r~~~s c a: ~~~ ~~7~/~te~~:!e a~:lues 
are rep r esentat ive of the dump material of the 
Southeastern Idaho phosphate mines . The strength 
properties of the foundation materia l for case 
one are identica l to those of the fill material. 

!:~e s ~:~"~!~/;o~e~t!:;r~!s t~~d f~u~d~~~~n 1 !~~t 2 

(29. 9 kPa) (typical of a stiff clay). 

The results of this examp l e are s ummari zed 
in Table I V-1 along with the results from other 
examp le problems . The s tability of the dump i s 
adequate in case one . Hmo;ever, t he foundation 
is inadequate for case t wo. The factor of safety 
for case two is 0 .61. 

Embankment failures caus ed by failure 
through the foundation genera lly occur during 
or immediately after construction because there­
after the foundation gradua lly gains strength 
as a result of consol idation. In a stabi lity 
anal ysis it is common to represent the s trength 
o f t he clay in t e nns of the undrained strength 
(<P = 0 condition). The <P = 0 condi t ions are 
satisfied when permeabili tie s a re low and the 
water content of the so i 1 does not change 
a pprecia bly for a significant time after appli­
cation of the l oad; such conditions can exist 
in satura ted clays and silts. The <P = 0 
con.::ept i mplies nothing about the i nternal 
mec.1anism of shear but ha s considerable 
pra ; tica1 i mportance. The <P "" 0 condition was 
useJ to describe the strength parameters of 
the founda t ion for case two. Some shear test s 
o n :he foundation material at the South Maybe 

-71-

dump indicated that the average undrained st r engt h 
is approxima te ly 2500 l b/ft2 (29 .9 kPa). Wea k 
foundations may or may not exist at a gi ven dis­
posal si te. The adequacy of the foundation can 
be J e lt!rmine d by s ubsur face investigations. 

Foundat ion preparat i on 

Embankment found at ion prepara tion is often 
necessary to minimize embankmen t slope failures. 
Proper preparation of the foundation becomes es ­
pecially important when disposa l sites are located 
in mountainou s terrain. 

Cutting and r emoval of trees, brush and 
other vegetative matter can generally be cons ider­
ed appropriat e fo r most waste disposa l sites . If 
not removed, the decay of such vegetative matter 
over a long per iod of time can result in a weak 
l ayer of thin soil. Thi s thin soil layer ca n 
then provide a natural slip p l ane at a cri ti cal 
location. Placing very wet material at the 
bottom of a dump o r pl aci ng spoi l material on a 
foundation covered with snow ca n al so resu l t in 
a thin layer of weak soil through which failure 
might occur . The remova l of snow and or extremely 
wet soils located at the embankment -founda tion 
interface can generally be consider ed appropri ate . 
Keying can provide additional pro t ect ion against 
slope failure occurring at the embankment­
foundation interface when foundation comJ itions 
are poor and /or when there is a heavy vegetative 
cover . Keying will be of littl e value if th.e 
keyways are backfilled with weak material. D' 
Appolonia (undated) r ecommends keying a hillside 
or an existing refuse embankment when coal wast e 
is to be placed as s truc tural fi ll . "Thi s 
removes surface materi::JJ wh i ch may not be at 
structural density , pennits compaction at the 
construction interface and reduces the tendency 
for a natural slip p l ane to deve l op" (D'Appolonia, 
undated). 

To illustra t e the influence of weak founda­
tion layers t he following hypotheti cal examQle is 
presented: 

Example: 

A dump approximately 300 ft (91.5 m) 
hi g h is placed on a hillside as 
shown in Figure IV-3. Near the t iJ e 
of the dump t he hill s lope is 4 hori­
zontal to 1 vertical and nea r the 
upper portion of the fill the natu r al 
surface is bedrock which d ips at 
about 40 degrees to the horizontal . 
The fil 1 has finish grades of 2-'i 
horizontal to 1 vertical. 

The internal fri c tion angle and cohesive strength 
of the dump m<tterial a rc ¢1 = 35 degrees and 
c = 0.0 lb/ft2 respectively. These values 
reflect those of the spoil mate rial for phos phate 
spoil dumps in the Southeastern Idaho area. The 
foundation material for this example was assigned 



Table I V- 1. Results of stabili t y ana l ysis for various hypothetical foundation conditions. 

Exampl e 
Problem Foundation Conditions 
Number 

1. Horizontal foundat ion competent 
granular soi 1 

2. Horizontal foundation weak soil 

3. Sloping founda tion competent 
soi 1 prepared by c l earing 

4. Sloping foundat ion competent 
soil left covered witi1 
vegetative matter r esulting 
in thin layer of peat 

NOTE: 1 lb/ ft2 = 0.0479 kPa 

Strength Parameters of Foundation 

Friction (~) Coh~~~~~2 (c) Jcp;rees 

35° 

00 2500 

20° 2500 

so 1000 

Figure IV-3 . Cross-section of example problem (surface foundation preparation) 
(1 ft = o.sus m). 
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Safety 
Factor 

1. 78 

0.61 

1 .8fl 

0.86 



strength va lues of¢ = 20 degrees and c = 2500 lb/ 
ft2 (299 kPa) . The results of a stability analysis 
using these stre ngth parameters is given i n Table 
IV-I as example 3. The lowest factor of safety 
w;1s found to be 1.86. Suppose, ho~oo•eve r, that 
prior to the placement of the di sposa l material 
the: vegetat ive matter {trees, brush, roots, dead 
l eaves) was not removed. Over an extended period 
of time this vegetative matter would begin to 
decay and eventually a thin layer of soft organic 
peat could develop. This layer of peat would 
create a weak p lane at the dump-foundation inter­
face through which failure cou ld occur. The 
values of ¢> "' 20 degrees and c "' 2500 lb/ft2 
(29.2 kPa) wou ld not longer represent t he strength 
characteristics of the soi I at the construct ion 
interface. Tests conducted on peat show that 
the angle of internill friction {¢) is generaly 
less than 5 degrees and that the cohesive 
strength can be as low as 200 lb/ft 2 (2. 4 kPa), 
(Hanraham, 1954) and (Samson, 1972). For the 
purpose of illustration values of <fl = 5 
degrees and c "' 1000 lb/ft2 (12 kPa) were 
se l ected to represent the strength parameters 
of the t hin layer located at the construction 
interfac e. These values cou l d also be r epre­
scntat ive of a thin layer of extremely wet 
soil existi ng ~t this location resulting from 
ei ther placement of s uch wet material or from 
neglecting to remove snow from the embankment­
foundation inter face . 

A simple wedge stability analys i s with 
failure assumed along the layer of we::~k organic 
material was performed to evaluate the long­
term stability of this hypothetical dump. The 
results are summarized in Table IV-I as example 
4. The factor of safety was found to be equal 
t o 0.86 indicating failure . It is clearly 
evident that for this case the ult imate result 
of inadequate found ation preparation would 
be instability of the dump . 

Failure to clear disposal sites of vege­
tative matter before placing spoil dump material 
will not always lead to a failure condition be­
cause so much depends on the original topography 
as well as the final dump geometry. However, 
in mountainous terrain many disposal facilities 
wi ll warrant clearing of the foundation to pro­
vide adequate safety against embankment fail -

Sunma ry of foundation 
considerations 

Much of the research concerning embankment 
st::.bility in the past has been devoted to fai l­
ures passing only through the embankments . 
Fa i lures resulting from inadequate foundations, 
either deep fa:i lure s through weak foundations 
or failures a l ong the eol.Jank.mt:mt-foundation 
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interface have received little attention. The 
hypothetical examples in the previous sections 
illustrate the importance of foundation consid­
erations. It is imperative to .:1ccess the 
adequacy of the foundation conditions ea rl y 
in the planning stages of proposed waste dis­
posal facilities. 

Embankment Con siderations 

The stability of embank111ent slopes construct­
ed from spoil material similar to that on phos­
phate mines in Southeastern Idaho were ana l yzed 
for a numbe r of hypothetical conditions. Several 
factors which effect the stability of embankment 
slopes are subject to change. These changes 
i nclude the moisture content of the spoil 
material, the dens ity of the spoil material, and 
the elevation of a phreatic surface within the 
embankment. These conditions effect not on l y 
the shear strength but also the driving fo rces 
within the embankment. To provide meaningful 
information the embankments must be analyzed for 
conditions likely to occur both during and after 
construction and for unfavorabl e conditions which 
might possibly occur during periods of heavy 
rain and snow melt. The strength parameters used 
in the stability computations were determined from 
triaxial testing of representative samples of the 
overburden middle waste s hales. The safety factors 
were determined hy the Simplified Bishop slope 
stability method and comp&red with t:he infinite 
slope case. 

Acceptable factors of 
safety 

Theoretically an embankment will be safe 
against a s l ope failure for any condition with a 
factor of safety gr ea ter than one. However, be­
cause of uncertainties in the methods of analysis, 
in the reliability of strength parameters and in 
the prediction of pore pressures some acceptable 
margin of safety must be es tabli shed. Recognizing 
the uncertainties involved in perfonning a s l ope 
stability analysis, the acceptable minimwn factor 
of safety should r eflect the consequences of 
failure. 

The design of most earth dams in the United 
States is based on extensive field and laboratory 
testing. A minimum factor of safety of 1.5 is 
generally considered acceptable for the steady­
s tat e seepage condition (full reservoir) (U.S. 
Department of t he Anny, 1970; Sherard et al., 
1963) . The consequences of failure for an earth 
dam with a full reservoir can be catastrophic and, 
therefore, a high factor of safety (1 .5) is justi­
fied. For the other critical conditions that 
must be considered in the design of an earth dam 



a lower factor of safety can be considered 
a..:ccptable . These other conditions inc lude du r ­
i ng and immed i ately after construction , and 
sudden draw dmm. Since the reservoir would 
no t be full during these states a lower minimum 
factor of s afe ty is considered acceptable. The 
U.S. Department of the Army (1970) recommends 
mi nimum factors of safety of 1. 2 for sudden 
dr<J w down from normal pool, 1.0 f or sudden 
dr<Jw down from maximum pool and 1. 3 for t he 
end of c onstruction state. However , for dams 
over 50 ft (15 m) high on weak foundations the 
minimum factor of safety for the end of c on ­
struction state is recommended to be 1. 4 

The consequences of failure of a spoil 
dump would not be catastrophic in terms of 
lives lost or t he cost of damage. Therefore , 
factors of safety lower than 1. 5 should be 
considered adequate. The minimum acceptable 
factor of safety for a particular spoil dump 
s hould be based on the accuracy and comp lete­
ness of knowledge about the spoil material, 
s hear s tre ngth, pore pressure conditions and 
the driving forces within the embankment. 
In general, the minimum acceptable fa c tor of 
safety for spol 1 dumps should probably be on 
the order of 1.15 for the duri ng and end of con­
st ruction condition and 1.3 for long-term 
stabil ity. Wh en many uncertainties exist 
and a number of assumptions are made regard-
ing material strength and driving forces a 
higher factor of safety should be used . 
Th e minimum acceptable values shou l d be estab­
li s hed by the appropriate control agencies. 

Short-term stability 

During construction and immediate l y after 
construction the spoil material wi ll genera ll y 
contain no water tabl e within t h e fi ll. St rength 
parameters for t hi s case can be determined best 
from the results of a series of conso lidat ed un­
drai ned triaxial shear test s on part ia l l y satu­
rated samp l es pr epared to represent the c ondition 
of the spoil material during pl aceme nt in the 
dump. Field tests indicate that the spoil mater­
ia l is generally placed approximately two percent 
dry of optimum moisture content. The l aboratory 
test specimens were observed to consolidate 
rapidly under its own weight during pla cement . 
Canso 1 ida ted undrained strength parameters on 
partially s aturated samples accurately repre­
sent the conditions during construction and 
short!}' thereafter. The triaxia l test s indi cate 
that t he angles of internal friction of typical 
wa ste shale ma terial are 31 degrees, 37.9 degrees 
and 47.5 degrees for ini t ial compact ion to 80 
percent, 90 percent, and 100 percent of the 
s tandard proctor maximum dry unit we ight 
respectively. The shear strength parameters 
and partially s aturated unit weights used in 
the s tability a nalysis are summarized in Ta bl e 
IV-2. The waste sha l e mat erial also exhibited 
cohesive strenR.t hs of 403 lb/ft 2 (19. 3 kPa ) 
and 1457 lb/ ft 2 (69.8 kPa) at both 90 and 100 
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percent relative compactions re spective l y. This 
cohesive st r ength wa s probably due to fl('gativ e 
pore pressures and cou ld only be mobilized at 
depths less than about SO ft (15.2 m). At 
depths gr e at er than 50ft (15.2 m) the waste 
sha l es should behave normally consolidnted. 
There[ort:, Lhe existence thls addi.t~onal cohes-
ive strength has been ignored during the short­
term s t ability analysi s. Relationships between 
s l ope angle , relative compaction and snfety 
factor f or the short-term case are presented in 
Figure IV-4. The embankment slopes considered 
were 2, 2!:i;, and 3 horizontal to 1 vertical. The 
results of the stability analyses indicate t hat 
for the temporary condition of during const ruction 
embankment slopes of 2, 21.2 and 3 hori zonta l to 1 
vertical are all safe for dumps constructed using 
both the scraper filled method (relative compac­
tion is approximately 85 percent) and the end­
dump method (r e lative compaction is approximately 
79 percent) . The lowest safety factor wou l d 
occur in middle waste shale embankments having 
s l opes of 2 hori zontal to 1 vertica l constructed 
using the free flowing (end-dumped) method, 
however. this safety factor t s adequate and 
approximate ly equal to I. 2 

Long-term stability 

The stability of wa ste sha le embankments 
was analyzed for two possible long-tenn cond itions. 
First, analyses were conducted on embankments 
which utilized the effective fl"iction angles for 
saturated material. Laboratory tests showed that 
the wa ste shale materi.al cxiL.iiJ.iLcd less frictio nal 
strength after saturation even when no pore pres­
sures existed. For these analyses the unit weight 
of the bulk material also includes the weight of 
the water in the pores. Second, stability analy­
ses were pe r formed on saturated waste shale em­
bankments having a phreatic surface in the fill 
near the top of the slope as shown on Figure 
lV-5 . 

Saturat Jon of the fill mater ial resulting 
from surface infiltration is not likely because 
of the low permeabilities of the waste shale 
material (see Chapter IIJ). Saturation is pos­
sible , however, from a :::ombination of the fo llow­
ing: (1) placing the fi I 1 material at high moist­
ure contents so that as it compresses under its 
own weight the degree of saturution increases, 
(2) plac i ng the fill over an area where groundwater 
emerges to the surface, or (3) by burying large 
masses of snow near the slope of the fill where 
upon subsequent meltin g will transmit the ground 
water into the su r rounding unsaturated materia l. 
When buried snow exist s in chert materials the 
permeability is likel y sufficiently large to pre­
vertt positi ve ?ore prc..,sur~. tn the shale mater­
ials, however, the transfer of energy through the 
material to melt masse :> of snow can cause melt 
rates in excess of the :-ate at which the wate r is 
transferred from the m('ft are:~, thu-., causing pore 
pr-essure. 



Tab le IV-2. Summary of parameters used in short-tcnn stability analysis of waste shale 
embankments. 

Typical 
Pll'lc:.ement Unsaturated 

Percent Void Total Unit Moisture 
Relative Ratio Porosity Weight Content Friction 

Compaction (e) (nJ (lb/ft3J (percent) angles (~) 

80% 0. 90 0.47 103 14.0 31° 

90% 0.69 0.41 116 14.0 37,9° 

100% 0.52 0. 34 131* 16.0 47.5° 

Sample prepared at optimum moisture content 

NOTE: I lb/ft 3 
= 0 . 157 "1' 

m 

1 lb/ft 2 = 0.0479 kPa 

4. 0 

,::~ 
1--------------1.0 

o.o-;---~--~2r-~ --~---' 

Slope (horizontal to vertical) 

Figure IV-4. S l ope ang l e, rela t ive compac t ion, and safety 
factor relationships for waste shale embank­
ments during and immediate l y after construc­
tion. 
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~=eatic Surface 
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2 horizontal to 1 vertical 

~icSurface ->----=""""''=~""""'w~= 2!:1 horizontal to 1 vertical 

~· 
"/JIX\\VIf~~X/IX\\XIIX\\XI/1,\\\XIIr'\XX 
3 horizontal to 1 vertical 

Figure I V-5 . Location of phreatic s urface used in stability analysis (long­
term case 2) for various embankment slopes in waste sha l es . 

Results for no phreatic surface. The shear 
strength parameters used in this analysis were 
determined from consolidated undrained triaxial 
s hear tests with pore pressure measurements con­
ducted on sa tura ted samples. The saturated unit 
weights of the waste shales were also determined 
and used in the analysis. The unit weights and 
corresponding va l ues of the effective angle of 
internal frictio n for relative compactions of 
80, 90, and 100 percent of standard proctor arc 
summarized in Table IV-3. The triaxial test 
resu1 ts indicated t hat in a saturated state the 
waste shales behave as a cohesionless material. 

Results from the stability analysis using 
the Simplified Bishop method showed that the 
critical failu1·e surfaces are located at very 
shallow depths (see Figure IV-6) as would be 
expected for cohesion l ess material. Deep fail ­
ures show highe r va lues of factors of safety. 
For slopes of cohes i onless materials a shal l ow 
failure could also be appropriately analyzed 
using the infinite slope method. For cohe s ion ­
less material the factor of safety uslng the 
infinite slope method is determined ft·om the 
expression: 

FS = tan i 
tan 41 
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where, 

FS = the fac t or of safety 

i = the external slope of the 
embankment in degrees 

¢1 = the f ri ction a ng 1 e of the 
materia 1 

The result s from the infinite s lope analyses show­
ed safety factors near ly identical to those deter­
mined by the Simpli f i ed Bishop method. A shallow 
failure in a spoil dump would I ikely manifest it­
self in the fonn of s l oughing along the surface of 
the embankment. This s loughing wou ld have an un­
desirable effect on the erosiona l c ha racteristics 
of the embankment and a1 so retard rehabil itation. 
Even shallow failure s , therefore, cannot be toler­
ated. The safety factor s corresponding to these 
shallow failures represent the critical values to 
be used for this long-term condition. Since the 
cri ti cal surfaces arc shallow and the factors of 
safety seem to increase with depth ra ther low 
factors of 5afety o.nd JUSt i fied because c.he conse­
que nces of failure are not great. The rel at ionships 
between embankment slope angle, relative compaction 
and safety f actors for thi s case are shown in 
Figure TV- 7. 



Tab l e IV- 3. Swnmary of paramet e rs used i n long-term stability analysis of waste sha l e 
embankments. 

Percent Void 
Saturated Values of 

Uni t Internal Cohesion Re lative Ratio Porosity Weight Friction Compac t ion (e) Cn) l b/ft3 (~) (~) 

80% 0, 90 0.47 120 15° 29.5° 
90% 0 . 69 0.41 127 !5° 33° 

100% 0. 52 0.34 134 37.5° 39° 

NOTE: 1 Ib/ft 3 
= 0. 157 ~ 

l lb/ ft 2 
= 0.0479mkPa 

1. 71 1. 71 1. 79 

Figure IV-6. Contours of safety factors showing deep and s hallow 
failures in waste sha l e embankments . (1 ft = 0.305 m) 
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(c) 
lb/ f t 2 

0 

0 

0 



4. 0 

3.0 

0.0.~------~----~~------~------~ 
2~ 

Slope (horizontal to vertical) 

Figure JV-7. Slope angle, relative compaction 
and safety factor relations hips 
for waste shale disposal facili t ies 
for long-term condition with no 
phreatic surface in the fil 1. 

The stability of an embankment with a s l ope of 
horizonta l to 1 vertical compac t ed to 80 percent 

of standard proc t or or less appear s ext reme l y margin­
a l (FS-:_ l.l). At 85 percent r e lat ive com pac ti on 
s l opes of 2 hori zontal to l vertica l would a l so 
be only marginally safe ( FS < I. 3). Embankment 
slopes of 2~ hori zontal to !-vertical and flatter 
appear adequately safe for relative compaction 
of 80 percent of s tandard proctor and greater 
(FS > 1.4 ). The free flowing (end-dump) method of 
const ruction results in middle wa ste s hal e com­
pacted to approximately 79 percent of standard 
proctor. It is believed that waste shales com­
pacted to this degree (79 percent) wou ld also 
be adequately safe for slope angles of 2~ 
horizontal to 1 vertical and flatter (FS = I. 35) . 
Middl e waste s ha l es in scraper fi lled dumps 
are typically compacted to approximately 85 
percent of s tandard proctor and therefore, em­
bankment slope angles of 2~ hori zontal and 1 
vertical and flatter will again provide adequa t e 
safety against s lope failure (FS: 1.6). I t is, 
the refore , recomrtended that for emban kment s 
conta in i ng on l y rtiddle waste shale materia l 
the final s l opes should not be steeper t han' 
2~ horizontal to I vertical when cons tructed 
using eit her the free flowing or the scraper 
fi ll ed methoJ :s. 
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In order to access the s tabilit y of enbank­
ments which are zoned a separa t e individual analy­
sis wou l d be required. The free flowing me t hod of 
construction results in a naturally graded e-mba nk­
ment which tYPica lly consists of large rock material 
at the lower elevations and f iner-grained soils 
near the top of the fill. This in t![f~ct is a 
somewhat zoned embankment. In order to perform a 
meaningful stability analysis it can be considered 
appropriate to divide the dump i nto zoned l ayers 
with each l aye r having different strength parameters. 
For s pnil dumps in Southeastern Idaho constructed by 
the free flowing method, the lower zones can con ­
t ain principally large bou l ders while the upper 
layers consist primarily of middle waste 
shales. Although the densities are lower, as com­
pared to a scraper-filled dump the materi a l is 
naturally graded which places the coarser more 
permeabile and higher strength material in the 
lower portions of the embankment. The large, 
grained material near the bottom eliminates 
stability problems associated with excessive pore 
pressures and also enhances stability because 
of its greater strength qualit ies as compar ed to 
the fine-grained middle waste shales near the top 
of the dump. I f the embankment slope guidelines 
discussed above are adhered to, then failures in 
these types of embankments are not likely to occu. 
The factors of safety will apply to the top parts 
of t he dwnp containing middle waste shales. 

When a free flowing (end -dumped) embankment 
is homogeneous and consists entirely of middle 
waste shale material then the relationships 
for embankment slopes, relative compaction and 
safety fac t ors d i scusscd previous ly Dpply. 

Results for phreatic surface 

~ 

Long-term stability of wa ste shal e embankments 
w;•s also analyzed for the case in which ·• ph,·eatic 
surface ~o.·ithin t he fil l existed. As was shown in 
Figure IV-5, the phreatic surface is located near 
the top of the embankment and e111erges as a seepage 
face along the embankment slope at approxinately 
one-third (1/3) the height of the embankment. A 
phreatic surface located within the disposal embank­
ment such as the one just described is a condition 
which mi ght occur during a period of extrene rain 
accompanied by massive snow melt within the fill. 

Effective stress analyses were used t o deter­
mine the safety factors for various embankrtent 
s l opes and degrees of relat i ve compaction. The 
effective strength parameters and saturated unit 
weights were determined as discussed for case one 
above and are summarized in Table IV-3. Relation­
ships between embankment s l opes, relative compac­
tion, and safety factors for this hypntlletica l 
case are summari zed on Figure IV -8. For crrbankments 
compacted to 80 percent of standard proctor or 
les s and with slopes of 3 horizontal to I vertica l 
and steeper the factors of safety against hil ure 
i nd icate these slopes ar·e unstable ( FS < 1.1). 
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Figure IV-B. Slope angle, relllt:ive compaction, 
and s afety factor relationships for 
waste shale disposal facilities for 
long- term severe condition with a 
phreatic surface near the sur-
face of the embankment. 

For emba nkme nt s compac t ed to 90 percent of s tan­
dard proc t or on ly s lope grades of 3 horizontal 
t o 1 verti ca l o r flatter are safe from failure 
(FS = I. 35) . l~mbankmen t s compacted to 100 per­
cent of s t andard proc to r are safe for slopes 
grad ed to 2_., ho rizontal to 1 vertical and flatter 
(FS ~ 1. 35 ) . The fre e flowing method of construc­
tion r esult s in relative compactions of only 
about 79 pe r ce nt of s tandard proctor. Therefore, 
embankment s lopes flatter than 3 horizontal to 1 
verti c al would be necessary to provide an adequate 
fa c tor o f safety for this extreme condition. Thi s 
i s al s o t he case of s craper-filled embankments in 
whjch the degree of r e lative compaction is 85 per­
cent of s tanda rd proctor. 

Achi eving the necessary compaction in spoi 1 
dumps cons truc t ed us ing either the free flowing 
met hod or sc raper-filled method to provide ac!e­
quat e s afe t y aga ins t slope failure when a 
phreat i c su r f ace exi s t s near the top of the 
slope would r equi r e the use of a compaction 
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dev ice such as a s heeps foot r o ll er . Th is may 
not be practi cal. It is , t her efor e, manda t ory 
that large ma s ses of s nm.· be removed f r om t he 
dump site prior to was t e di sposa l. Al so , prope r 
drainage must be provided i n a r eas wh er e g r ound­
wa ter emerges to the s urface or wh ere cross­
valley filling interrupts a na tura l d r a i nage 
channel. When drainage i s properly provided and 
snow masses are removed prior to waste di sposal 
the relationships between embankment s l ope , rela ­
tive compaction and safety fa ctors di s cussed fo r 
long-term stability without a phreatic s ur face 
are adequate and should be us ed as guidelines 
for waste shale spoil dump cons truct i on . 

The South Maybe Dump La nds lide 

The South Maybe Dump Land s l i de serves as an 
example of a foundati on f a ilure . Th is type o f 
failure could be used a s a l arge sca l e field t es t 
to develop strength propert i es of t he f oundat ion 
materials. The geome t r y of t he ori g ina l gr ound 
and the dump at the time o f fai lure can be used 
to evaluate the slope s t a bi li t y f or various 
strength parameters al ong t he ass um ed f ailure 
surface. The strength parameter s t hat y i el d a 
safety factor of one can then be used t o predict 
the stability of other dump configura tion s . In 
order to carry out thi s type of s t ability analys i s 
the following infolinat i on is required: 

I. Location o f the f a ilure a r c 

2. Geometry o f the dump a t the t ime of 
failure 

3. Physical properti es o f the var i ous 
dump ma t e r ials 

4, General s trati f i ca t i ons of dump 
materials 

A stability anal ys i s of t he South Maybe Dump 
failure was performed t o attemp t to eva lua t e t he 
strength properti e s of the f ound at i on soi 1 ~ . The 
results of this anal ysis we r e i nconc lus ive, how­
ever, primarily because the l ocation of t he fa il ­
ure arc was unknown. A fa ctor of s afe t y o f one 
(indicating a failure condition) could be ob t a ined 
by using several different probable combin a tions 
of the failure arc location and values for th e 
foundation strength parameters. 

The location of the failur e arc coul d ha ve 
been determined by installing s l ope met e r s i n the 
slide area. Location of the failure surface 
would have allowed a r ea sonable est imat e of the 
foundation strength parameters t o be made . These 
parameters could have then been used for ana l ys i s 
purposes to evaluate various alterna ti ve dump 
<'peration plans for stopping the s l i de movement. 



CHAPTER V 

POST CONSTRUCTI ON SETTLEMENT 

Identification of the Prahl em 

Post construction settlement in spoil dumps 
can result from (1) consolidation of the founda-
t jon and (2) compress i on of the midd le waste shale 
and chert dump materials . In order to ha ve a 
dump conform t o speci fied geometry for a long 
period of time its ultimate settlement needs to 
be predicted. The final grade of a dump is gen­
erally crowned to accomodate long-term settle­
ment. If t he crown is not suffici ent, there will 
be depress ions in the dump s urface and poor sur­
face drainage. This could cause water to pond 
on t he dump surface. Pending introduces se;epage 
in t o the fill ma t eria l which may i nduce a mass 
stabi l ity failure of the dump. A lack of 
proper surface drainage can also lead t o exces ­
sive embankment erosion which delays r ehabili ta­
tion. Total r ehabili tation can not be success ful 
unl ess surfa ce drainage is controlled. Predic­
tions of post construct ion settlement a r e , there­
fore, needed to allow proper r eha bilitation. 

A first step in predicting post construction 
set tlement requires an eva luation of the compres­
<;ion c haracter istics of the spoil dump rua l t:ria ls . 
Strtss s~rain re l at i onshi ps for both c hert and 
~oo•aste shale materials were determined and are di s ­
cussed i n Chapter I I I . A technique to predict 
t he magnitudes of post construc tion settl emen t s 
i s present ed i n this chap t er. This technique is 
based on the compression characteri stic of t he 
cher t and wa s t e s ha l e rtaterials f or both sa tu rated 
and dry condit ions. 

Settlement in Spoil Dumps 

Settlement i n spoil dumps results from con­
solida tion of t he fo undation and from compr ess ion 
of the waste sha l e a nd chert layers in the dump . 
Sett l ement of the founda tion material is caused by 
t he weight of t he dump material. The magnitude and 
rate of founda tion se ttlement can be det ermined Us ­
ing genera lly accept ed soil mechanics pri ncipl es , 
but it requires a description of the foundation soil 
profile and the compress ion properties of the found­
ation material. Settlellent of the foundation mater­
ial probab ly cons titutes on l y a small portion of the 
total pos t construc t ion se t t lement in spoil dumps . 

Settlement of the spoil dump material is 
caused principally by (I ) compression as a result 
o f th e added we ight from continual placement nf 
addit iona l overburden and from (2) collapse settle­
ment when the moisture content of the dump material 
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i s increased. The increase in moisture con­
tent may be the result of pe r colat ing surface 
water, natural springs, me l ting snow buried i n 
the dump and/or flow from natural or arti ficia l 
drainage channels. 

Compress ion from added fill 
weight 

The compression associated with t he we i ght 
of the added fill probably results from particle 
movement and particle crushing. The rearrange­
ment of particles seeking a more compact struc­
ture r esults in a decrease i n the void ratio and 
consequently, compression of the waste shale and 
chert laye r s . Most of the settlement of l aye r s 
within the spoi l dump that is caused by the weight 
of the added fill occurs during the construction 
pe r iod. However , after comp l et ion of dump con­
struction the r e will still be some settlement 
that will occur from the weight of the fill. 
This se ttlement will occur almost indefinitely 
at a gradually decreasi ng rate. This slow pro­
cess i s responsib l e for some of the post con­
struction set tl ement s in spoi l dumps and wi l l 
be referred t o in subse1uent di.scussicns a:; 
creep set tl ement. 

Saturation collapse settlement 

As discussed in Chapter III the compressi on 
characteristics of waste s hale ma t er i al s and 
soft chert materials are highl)' sensi t ive to 
i ncreases in moisture contents. Increases in 
the mois ture content within a spoil dump embank ­
ment will undoubt ed l y cause additional settlements. 
The compression r esulting from the flow of water 
through d ry layers of soft chert and waste shales 
probably const itutes the major portion of post 
construction settlement occurring in spoil dumps. 
Thi s type of settlement wi ll be referred t o as 
satura tion collapse set tlement . Complete satura­
tion of a spoil dump i s not 1 ikely to occur, 
however, the magnitude of settlement caused by 
saturation of l aboratory samples might occur i.n 
the fi e ld over a long period o f time due to parti­
cle wea thering and the gr adua l reduction of 
capillary forces from increased mois ture contents. 
In other words, the rate of sa turation co ll apse 
settlement measured in t he laboratory may not 
model the field conditions bu t the relative 
magnitud e of saturation coll apse settlement 
that was measured in the l aboratory is pro-
bably indicative of the settl ement that will 
eventually occur in the fi e ld from this pro-
cess . 



Predicting Post Construction Settlement 

In order to evaluate the magnitude of post 
construction settlement a method was developed 
which predicts the amount of creep settlement 
which will occur over a given time period after 
the construction of the dump is comp l ete and also 
the magnitude of saturation collapse set tlement. 
The saturation col lapse settlement will occur 
from increases in the moisture content of dry 
layers of soft chert and waste s hales. The 
method was developed to give estimates of the 
magnitude of post construction settlements and 
can not be used to predict rates of settlement. 
A number of curves are used to evaluate various 
soil parameters which are required in the settle­
ment computations. The curves were developed 
from laboratory strain versus log stress and 
strain versus log time relationships for waste 
shales and cherts . The method can be applied to 
both scraper filled and end-dump (free flowing) 
disposal facilities. 

Creep settlement 

The first step requires subdividing the 
dump into several ver tical layers. The thickness 
of each layer should be approximately 25 ft 
(7 .6 m) or less to provide accura.te estimates 
of the average stress condition used to determine 

~~;a~~t~~~a~=;~~~e~~e~h!n s~~;e~n~~y~ !~;in T~=r~Ss 
log time curve s and are used to predict creep 
settlement. The value of a is related to the 
slrain (t.c) by the expressi5n: 

'z 
e:c = etc log ~ 

where t 1 and t 2 a r e the initial and final times 
for the period over which the str::ain (cc) is 
desired. The value of ac for each l;:~yer varies 
somewhat with depth because the pressure increases 
with depth. An average value of Clc should, 
therefore, be used for each laye r and assumed 
constant throughout the layer. The value of ac 
can be determined by computing the vertical 
pressure in the middle of each layer and choos­
ing the approp!'iate va lue for Clc from Figures 
V-1 and V-2. These curves were developed from 
the results of the laboratory compression tests 
presented in Chapter III . The vertical pressure 
is the product of the unit weight of the over­
burden material and the depth to the middle of 
the layer from ground surface, 

where, 

o1 :: the stress in the middle of 
the layer i 

yt = the total uni t weight of the 
overburden material 

yi = the depth from ground surface 
to the middle of the layer i 
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If several different materials processing dif­
ferent unit weight s I ie above the layer cons id­
ered then the stress in the middle of the layer 
is determined by summing the vertical pressu re 
resulting from the various materials. The 
creep settlement for each layer can then be 
evaluated by determining the .:;train in each layer 
and multiplying the original height nf the 
layer by the strain: 

.1h . = e: . h . 
Cl Cl 01 

The strain for each layer (e::ci) can be obtained 
from the expression 

As s tated previously, the value of ac corresponds 
to the vertical stress in the middle of the 
layer considered and can be evaluated from the 
curves in Figures V-1 and V-2. 

from aT~~v~~l~~!r~in~ 1 t~~:.tt•~us~a~~ ~~;:~e~~=d 
its own va lue of t' wh :.c h rep~escnts when p lace­
ment of that l ayer0 began relative to the beginning 
of dump construction. The beginning of dump 
construction wi II be referred to as time zero or 
t . The value of t

1 
is the end of construction 

t?me minus t ' . The value oft i.s expressed as 
t 1 plus the glapsed time from the end of const ruc­
tiOn to the date at wiHch the post cons truction 
sett lement is desired. ror example, if tht:: magni­
tude of post construct ion creep settlement i s de­
sired IS years after the dump has been completed 
then the value of t 2 is equal to t

1 
plus IS years . 

i·~~g~~ lu~h~f s~h~~~e~ i ~~~~o~f~~~t e:~a~f i ~~~~;es 
~~~s~~~~~s ~;w~~e~~d i ~ 1 a~~e:~~j ~~t b~0 a 

5 ~~~ ional 
method for the construction periods typlca 1 of 
phosphate mines in Southeastern Idaho. The 
total amount of post construction creep sett le­
ment is determined by summing the individual 
sett 1 ements (6hci) for a II layers, or; 

Saturation collapse settlement 

Saturation collapse settlement can be ob­
tained from the stress versus saturat i on st rain 
curves on Figures V-3 and V-4. These curves were 
deve loped from the results of laboratory compres­
sion tests. The saturation collapse strain 
represents the s train which occurs in a spoi I 
dump due to saturation of the spoil ma teria l or 
due to constant weathering at particle contac t 
points as a result of changes in the moisture con­
tent. To obtain the saturation coll~pse sett lement 
the percent of satur;'lt ion co llapse strain must 
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Vertical Stress (lb/ft 2) 

Figure V-3. Saturation collapse settlement 
ve r sus vertical stress for middle 
waste shale ma terial (1 lb/ ft2 = 
0. 0479 kPa). 

Vertical Stress ( l b/ft 2) 

Figur e V-4. Saturation collapse se'tt l ement 
versus vertical s tress fo r soft 
chert material (1 1b/ ft2 = 
0. 0479 kPa). 
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first be determined for each layer. Collapse 
strain can easily be obtained by selecting the 
value of E5 which corresponds to the vertical 
stress condition for the particular layer consid­
ered (see Figures V-3 and V-4). The percent 
saturation collapse s train for each particular 
layer is then multiplied by the original height 
of the corresponding layer; this yields the sat­
uration collapse sett l ement for each layer. The 
total amount of saturation collapse settl ement is 
then computed by summing the individual mngni­
tudes of settlement for each layer. The tota l 
magnitude of post construction settlement .is the 
sum of the creep and saturation settlements, 

Example prob l em 

The following example problem illustrates 
the technique deve l oped for predicting the magni­
tudes of pos t construction settlement. 

The cross-section of a hypothetical 
proposed dump facility is shown in 
Figure V-5. The magnitude of post 
construction sett lement is to be pre­
dicted at ten years and one hundred 
years after comp letion of the 
facility. The following dump con­
struction sequence was assumed. 

The dump construction was completed 
three years after placement of the 
fill material began. The frN' flow­
ing method of construction was used. 
The material was end-dwnped over a 
200 ft (61 m) high embankment across 
the valley floor. The completion of 
this port ion of the embankment took 
approximately two years. A second 
portion was then placed on top of the 
200 ft (61 m) section and extended 
an additional 35 ft (26m) in eleva­
tion. This portion was completed 
approximately one year later. The 
types of spoi.l mate r ial and construc­
tion times arc shown on the cross­
section, Fjgure V-S and on Table V-l. 
The upper 85 ft (26 m) portion in­
cludes 75 ft (23 m) of waste shale 
material and a 10 ft {3. l m) layer 
of top soi 1 <Jt the surface. 

First divide the entire cross-section into 
25 ft (7. 6 rn) layers and then determine the stress 
at the middle of each layer (sec Figure V-5 and 
Table V- 1). The corresponding values of Clc for 
each l ayer can then be obtained from the curves 

~~s~!~u~~~ T~~~e a~~ ~ ·~- 2 A v!~~:e o;a!~c~a~f t~~n a~: 
determi ned for each l ayer accordin~ to the esti­
mated construction schedu le. Layer number one 
will have a value of t~ equal lu :.:cru. Since the 
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T<1ble V- 1 . Summary of exampl e problem. 

Stress in 
Layer 

u~!;n3 the Middle 
2 NuruUt:r Mater i al Wt of Layer 1 b/ ft 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

NOTE: 

Che r t 100 

Che r t 100 

Chert 100 

Chert 100 

Chert 100 

Chert 100 

Chert 100 

Chert 100 

Waste Sha l e 125 

Waste Shale 125 

Waste Sha l e 125 

Top Soi l 125 

1 ..!.£..__ = 
ft 3 0. 157 ~ 

m 

1 ~ = 0.048 kPa 
ft 

lft=0.30Sm 

29375 

26875 

24375 

2 1875 

19375 

16875 

14375 

11875 

9063 

5938 

2812 

625 

free flowing or end - dump method of construction 
was proposed for this example the entire lower 
200 ft (61 m) por tion of the dump began at 
time zero relative to the beginning of dump 
construction and, therefore, layers one through 
eight a l l have a value of tQ equal to zero. 
The values of t Q for the l ayers i n the upper 
85 ft (26 m) po r tion a ll equal two because 
the construction of the en t ire upper portion ali 
began two yea r s aft e r t he begi nn i ng of t he 
initia l construct i on. The values of t 2 for 
each layer can next be det e rmined by adding 
10 years to the corresponding values of t 1 
for eac h layer. The va l ues of t 1 and t 2 for 
each layer are summa r ized in Tab l e V- 1 . The 
percent creep stra in fo r each laye r can now be 
determined from the expression: 
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·• t 6h ci Ah 
si t~ tl t2 

c . ,, 
c yrs yrs yrs a log- ft ft c tl 

0 . 16 0 3 13 0. 10 0. 02 2.68 

0 . 16 0 3 13 0. 10 0. 04 2 .60 

0.16 0 3 13 0. 10 0. 02 2. 55 

0. 16 0 3 13 0.10 0.02 2. so 

0.16 0 3 13 0. 10 0.02 2.45 

0.16 0 3 13 0. 10 0.02 2.1, 

0.14 0 3 13 0.09 0. 02 2 . 12 

0.11 0 3 13 0.07 0.02 2. 01 

0.11 2 I II 0. 12 0.03 0.62 

0 . 11 2 I II 0. 12 0.03 0 .62 

0 . 11 2 I II 0.11 0.03 0.45 

0. 13 2 I II 0. 14 0. 01 0. 04 

TOTAL 0.28 20.76 

These values arc also surr.marized in Table V-1. 
The sett lement in feet is c:~lculatcd for each 
layer and summed to give the total magnitude of 
post construction creep settlement. For thi.s 
examp le the creep settl ement is approximately 
0.3 ft (0 .09 m} for 10 years after construc­
tion and 0. 7 ft (0.21 m) for 100 years after 
construction. 

The magnitude of saturation col lapse settle­
ment must now be detennincd for the lower 200 ft 
(61 m) layer of soft c hert and upper 85 ft 
(26 m) of waste shales. The percent saturation 
collapse strain for each layer can be obtained 
from the curves on Figure V-3 and V-4. The 
vertical stress in layer one i s equal to 29,375 
lb / ft2 (1407 kPa). The corresponding value of 
percent vertical s train i s 11.5% from Figure 
V -4. This process is repeated for each layer. 
The saturation collapse settlement for each lay­
er can then be calculated from the formula, 



!~~t :a~~;s e!~~ ~~~~; • t~~e s=~~~t;~n T~~~~ ae~~, se~~!e-
tota I sa turation co llapse settlement is then deter­
mined by s umming t he values of llhsi. The magnitude 
of saturation collapse settlement for thi s examp le 
is 20 . 9 ft (6.4 m). Much of this settl ement may 
occur before the ten year period and some may occur 
during t he const r uct i on period depending on how 
moisture changes occur during and after construct­
ion and before the end of the ten year period. The 
total magnitude of post construction set tle-
ment is the sum of the creep settlement and 
saturation settlement and is equal to 21 . 2 ft 
(o. 5 m). 

Because of the cross-sectional geometry 
of the dump the largest magnitudes of settlement 
wi 11 occur near the center where the fi 11 depth 
is greates t. Us ing the procedures discussed · 
above a se ttlement profile was developed and is 
shown on Figure V-5. The settlement profile 
i llustrates t hat depressions can occur nea r the 
center of the dump. The final grade of the 
dump could now be crowned to accommodate settle­
ments and thus, elimi na t e these depress ions. 
Proper rehabili tat ion could then be established. 

Additional settlements may occur from 
compression of the foundation material. For 
example, if ·there is 50 ft (15.3 m) of a fairly 
stiff-cl;1y mater ia l between bedr·ock and the 
origina l ground surface than a reasonable esti­
mate of the f oundation se ttlement would be about 
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1.6 ft (0.51 m). Thi s settl emen t could be much 
greater for softer and/or deeper foundation soi 1 
deposits . Only a portion of this settlement 
would occur after construction of the dump was 
complete. 

Sununary of Post Constructi on 

Post construction sett l ement is caused by 
creep sett lement and satur ation collapse settle ­
ment . Creep settlement contr i butes very little 
to the total magnitudes of post construction 
settlement. In the above example problem t he 
creep settlement represented only about 1.4 per ­
cent of the total post construction settlement. 
For the accuracy required to properly crown a 
dump surface creep settlement can be negl ected 
when the dtunp material s are similar to those 
sampled in the Southeastern Idaho mines. In 
some cases, foundation settl ement may be signi fj ­
cant. Predicting the magnitude of foundat ion 
set tl ement will require a kn owledge of subsurface 
conditions . Sett l ement prof il es can be developed 
for variou s dump cross- sec tion s using the 
technique described in thi s c hapt er. The fina l 
dump configuration can be based on the estimated 
settlement profile. Although various a lternatives 
for reducing settlement exist, such as sluicing 
the material during placement, they do not appP.:tr 
to be economical ly ju s ti fi~d. C:-mming the fina l 
dump grade is probabl y the most practical met hod 
for accommodating settlement. 



CHAPTER VI 

CONCLUS I ONS AND RECOittENDATIONS 

The principal goals of this study were as 
follows: 

1. Determination of the engineering 
properties of spoil materials from 
phosphate mines of Southeastern 
Idaho. 

2 . Development of relationships between 
safety factor of the dwnp fills 
agains t mass failure and their physi­
cal features such as relative com­
paction and e11bankment slopes. As 
a second goa I regarding mass sta­
bility, the importance of t he 
foundation and its effect on 
stability were studied. 

3. Devel opment of a method for estimat­
ing magnitudes of post construction 
settlement in spoil dwnps. 

The conclusions reached in this study are 
summarized below under three headings: (1) clas­
sification and engineering propertieS:, (2) slope 
stability, and (3) post construction settlement. 
Specific recommendations are also sununarized 
be lou. 

Classification and Engineering Properties 

The spoil materials were class i fied and 
the permeability, compressibility and shear 
s trength properties were determined. 

Spoil classification 

Phosphate mining in Southeastern Idaho 
generates essentially two types of spoil mater­
ia l. These spoil materials are called middle 
\laste shale and chert. 

1. The middle waste s ha l es are 
classified as silty-gravels 
according to the unified 
soils classification 
system . 

2. The chert material varies 
in its engineering proper­
ties and can be grouped into 
two general categories. 
These categories are hard 
chert and soft chert. The 
soft chert is rr.ore appropri­
atel y classified as an or ganic 
siltstone. 
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Engineering properties 

1. The physical or engineering properties 
of the spoil material are significantly 
effected by the methods of dump 
construct ion. 

2. The free flowing method of construction 
resu lts in a relatively unifonn place­
ment of the waste material; the average 
relative compaction is approximately 
79 percent. 

3. The scraper filled method of construc­
tion resu l ts in a range of relative 
compact ions with an average relative 
compac t ion of approxinately 85 percent. 

4. The middle waste shale materials are 
relatively impervious with an average 
permeability equal to 32 ft/yr 
(3 x I0-5 em/sec). Compaction reduces 
t he permeability of the middle waste 
s hales . 

5. The c hert materials are free draining. 
Flelll tests showed the penneabil i ty 
of t he chert material in end-dump 
embankments j s about J. 5 x 105 ft/yr 
(38 m) above the va l ley floor. The 
permeability wi J 1 increase near the 
bottom of the dump because of the much 
coarser materials at this location , 
probably 100 times the above value. 

6 . The compression characteristics o f 
both middle waste shales and soft 
cherts are significantly effected by 
increases in the moisture contents. 
Laboratory tests show saturation 
causes immediate additional compres­
sion in both soft che rt and middle 
waste shale. Compression strain 
from sa t uration of laboratory samples 
was a high as 2 . 5% for the middle 
waste shale and 12% for the soft 
chert . 

7. Increases in pressure i n dry chert 
sampl es and relatively dry samples 
of middle waste shales are accompanied 
by nearly instantaneous compressions 
fo ll owed by slow gradual compressions 
which are linear with the log of time . 
The same characteristics were noted 
fo r moist samp l es. 

8 . Soft chert exhibits friction angles 
of 48 degrees and 54 degrees for loose 
and dense states, respectively. 



9 . Hard che rt exhibits frict i on angles 
of 44 degrees and 48 degrees for 
loose u nd dens e states, ruspec tively. 

10 . Partia ll y satura t ed sample'> of typi cal 
!u.dd lc waste sha le mate rials exhibi t 
frict i on a ng l e s of 31, 37.9, and 47.5 
degrees fo r r elat ive compa.: t i ons of 
80 , 90 , dli d 100 percent. 

ll. The partia l ly s a tu r :1 ted samp les of 
middle "''a st c shales exhibi t c ohe -
sive strengths of 403 lb/f t 2 ( 19 . 3 
kPa) <tnd 1457 lb/ft2 (09. 8 kPa) at 
rela t i ve compa c tions of 90 and 100 
pcrr:ent, respectively. This strcngt. h 
was opparcn t a t low pressures nnd is 
probabl y due t o capil la ry pre~suTcs . 
For the pur pose of s tability .:malyscs 
t his cohesive st rengt h can be ignor ed . 

12. Satur.1ted samoles of typica l middl e 
1-snsr~.: s hale materials exhibit totsl 
stress f r iction <.~ nglcs of 15, !~. a nd 
37. S deg :-ecs for 1e1atlvc compnctions 
of 8(), 90 and l OO per cent. 

13. Sntur£:ted s amp l es of t ypi ca l mLddlc 
~ ... :;;.. ..... : .... :.:. .,, ... ;.. ..... ~ .. l ,. .,.....,;,,...,; L "";:,: , ,,. . . ... ..;,_ v o;: 

stress f r i ct i on ang l es of 29.5 , 33, 
and 39 degree s fo r re 13.tive compactions 
of Su . 90 and 100 pe r cent. 

14. The ang l es of i nternal f r iction of 
ml dcllc 1~a~t.e shale matcria 15 ar c 
jncrc-:u;cd by coiTlp{~ction and reduced 
br increases in moistur~ cant\ nt. 
The friction angles of both hard and 
Sl)ft cher t s nrc incre<!SCd by comp,\c­
tion. Increases ln the 1::oisturc 
content has lit tle cffc<.:t on the 
fr i ction ang l es of hard ;mci !".c:t -.:her· 

Cone lu.!>it.:m:; rC'go:m.ling the s t ability of 
phc.sphatc t'IJ.n c s}'oi! dumps ln Southeas t ern 

4::.1ic. <1rc pre.!>ented Oclow: 

1. For both scraper fillt·d and end· 
dumped cmbanknlent s , finish ed s l opes 
of 21

2 hori zontal to 1 VC'rtica l or 
J. • ..,~ ~L1 ,. ... ,. j-Ju., , ... .,.._ ... '-''- 'iUUI. t,; ptu-

tCCt i On against slope failure in 
wast e shale embankment s provided 
that proper cautions aga i ns t the 
devel opment of a phreati c surface 
near the top of the embankment are 
take n. 

2. To p1·event the development of a 
phreatic surface, large snow masses 
neal' the embankment s lopes must be 
removed from the dumping area. Also, 

- 90-

'-'hen ;;. fi I j.; to h<: p ,.., ~·n · c~·.,. <; 

~ natufal JrailWf,C cha11r.; 1 ~· r ~ 
11re.1. where gro1mdw~~tc;.· ~me [tC-. to 
the surface, the n.~,,·:_, ~J1o1U ~ 'c p~·or­
erly :lesigneod to "Jrr.vl Jc we JUn ... ~· 

flovr Howcvp~ .... ,, -." Fi! l I"; I' ll•.' 
neceso;ary if 1t ..:. d~tc,rm' ;,. ~ 11•· . .;~1 

proper analysis tb.Jt the U'• :-~ :at.;or 
fro::~ such sou:·c"s is •1ot (' :,uf H~·,.: 
quantity to c:·cnte .1 pl-:r·..:::ntc <;111 4'· t:.) 
near the t llp of the cmh.:.nt v.•n• . 

3. Because of t!h: not.tlTa1 ·~ :HLt'tun •hi<:h 
oc curs dudng cnd-du.r:~p~ng, f···~w .f]clo.'ti• g 

embankm1.:nt<; contatning "ii"n t ,("'J.fl1 

amounts of t:o;, rsc ,\;,tcri.1.l ~, 1 •' ' h1 · 
greater <;h~:;;r~ng re:::'_st::H' 
lcwc-r fC""lrtion:; of t1e cr.-,!r,l Tili!' 
grcat rr shc:;:;l!& L~io;:;c::~ 

attributed to t!1t.~ ;,~:-41"". ·: •• c:.10r.u 

scr~ngth :md tree drc.~r'.~ng :-fwr<.-< p --

istics of the: cc -:- _;e 1::;1r- J. ,, T. 
s:ore, ad.li:.ionu: p:·otc:: ·_.-11 't~:L Tl.;t 

SlOpe fJ.ihl T<.' ~~ rro·.;u::.:! ]:\ ·t:e 1,1\\·. •­
port ions of sue!~ dumps. 

4, Inadcquatl.! ~:::!pa~.:.tion ,,f Ltl! r_,.nn:!lk­
mer~t four.J,ni·.r~ :nt tf:lt:(' .>n.J/n.- •·fh.' 
eJ' l st.encc or weaK !C'U:'I•Jat,o:r. SO'lS em: 
c.:m sc· slope- fl.ilure:::: of Sf U :iw;:ps . 
T~-ti• ':ft)~: S}C "1 t,.. <-,.., ·~ s:')i <·r~ 

hypothCtH .. li !OX" :} I "J!l 

t~h;.t :r·.i.th: h. c : 

pho:~~tl: ·: t_ (! r; r,t: ~ F "' . '' 
C.(U.O'lf'' :os t 1H: r.,.,c• ·~· 
f;;;.ilt·IC ~·.··~ :•: ~ 

f~V'II.lYS ·~·l" OV ur 
i.o::. ag,;·:s 

;~: .. h' f(•'l.~t • ~') 

£act.: ·.::-tr r ...;" 
til'S i.0C;.,• 
htt 1~"' o•:til·'- ir t 1 y 
w~th \leak 1..:1 erial 

A sur f ... cl;' · :> ·onr:.! t~~ 
ccnt:uct.'d pr.or :r L • .1,: 
r'..'!.." Ji :.pr,..,; 1 :. ("' 
:ro~4:1ui rl"n<··~tr, c,+ .ur.~ 

!>h('T·it' in,· Ju, cor..,!:' ... i1 f ... ~ 
i'lfor~nti::;n ·~ .. ,l .... i .. ,., ,. 
~colog ie \~:-l;!d]t-~.-,.,.-;, '·rpc 

tails, sc;., t tj'jl ~~: ..... ,.~t· ~:· 

• !.. lt>. 

and lo1;:1·:lc:• _.-.f r~ .• c:•• ;,.!'l:".i·. t."' 

ura 1 n ..;ge UI<J. Il lle l => . J!n s u n urtua l.L o n 
should be eva luat ed specifi ca ll y with 
dump des i gn i n mind. The resu lts of 
a surface r econna i ss anc e will a id in 
determining the necess i t y a nd requ ire­
ment s of a subsu r fa ce i nvestigati on. 

Post Construc t ion Settlement 

Conclusions regard ing post construc ti on 
settlement of spoi I dumps in Southe ast ern Idaho 
are summarized as f o llows : 



1. The results of laboratory testing 
showed that post construction settle ­
ment in spoil dumps can be attributed 
to two facto r s: 

Creep sett lement as desc ribed 
i n Chap t e r V. 

b. Collapse of the soil and/or 
rock st ruc ture of middle 
waste s hale and soft chert 
l ayers upon increases in 
mo i sture content. 

2 . The amount of pos t construction 
settlement caused by increases in 
mois t u r e contents in l ayers of 
soft c hert is typically 100 times 
greater than the amount of post 
cons truc tion se ttlement caused by 
creep set tlement and 10 times 
greater in layers of middle was te 
shale. 

3. The magnitude of s aturation 
collapse settl ement caused by 
increasing the moisture content 
in layers of middle waste shale 
and soft chert can be estimated 
from the st r a in ve rsus log stress 
relations hips presented i n Chapte r 
III. For example, for a fill height 
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of 100 ft, the magnitude of satura­
tion collapse settlement fo r waste 
shale mate r ia l is about 2.5 ft 
(0.8 m) ::~nrl for soft cherts is about 
8ft {2.Sm). 

4. The rate of creep settlement is 
linear with t he l og of time and 
the magnitudes of such settlements 
can be reasona bly est imated from 
laboratory strain log t i me relation­
ships. However, the amount of 
sett lement caused by creep is very 
small compared t o satura ti on collapse 
settlement and it can generally be 
neg lected. 

S. A rational e method of predicting 
post construction settlement is 
presented in Chapter V. Settle­
ment profil es can be det ermined 
using thi s method. These profiles 
can be used to design crowns 
at the fini shed surfaces of spoil 
dumps. 

6. Because of t he construction method s 
currently used in Sout heas t e rn rda ho, 
the use of a crown to accommodate 
post construction se ttlement appears 
to be t he most economical a lternative. 
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Time-compression characteristics of soft chert ~howing effects of saturat ion after reaching 
a st ress level of 32,000 lb/ft2 ( I lb/ft2 = .0479 kPa) . 
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Time-compression characteristics of hard chert showin g effect of saturation after 
reaching a stress leve l of 32,000 1b/ft2 (1 lb/ft2 = .0479 kPa ) . 
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