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M1NB, MILL, AND 9MELTEll. Wastes an: scattered across 
the · ~ountry as unattractive barren piles that mar the 
natural beaufy of the land, 

Coogre~s and the Solid Waste Disposal Act of I 965' 
delegated to US Bureau of Mio.es responsibility to con­
duct researc:h designed to prevent air and water pollution 
from such mineral accumulations. The Bureau brochure, 
"Wealth 01.1t of Waste," ~nates that in 1965, the accumu­
lated tonn11ge of waste from the processing of minerals 
and fuel~ amounted to l ,122 million tons covering ap­
proximately 2 million acres. "Over a billion tons of such 
mlneral-proce.~sing wastes are produced in this country 
each year." Of this, approximately 40% i~ fine-sized 
material. Stabilization of such wa'ltes to prevent air 
and water pollution - - and to· preserve the. contained 
values for po~sible later utilization - is a challenging 
1uk. Several stabilization methods ( physical, chemical, 
aod vegetative, and- combinations thereof) are used or 
have been tested and proposed, 

for inManc:e, massive coverings of coarse slag, con­
. . crete, and soil . ro11y be used to 1revent erosion of '\Va8te 

piles;, and :a variety of chemicals c~n ·bond partict~s·· of 
-:fine waste· in.to a relatively inert 'mass. However, the 
most promising method of producing an esthetically ap­
pealing .~torage site ls veget;ttive ~tabilization . Numerous 
species of plan~ can germinate, grow, ond reseed in 
waste materials that have been adi::quately preparod to 

. support plant life if . environmental conditions ;ue not 
. overly severe:. 

. Prephnoing of waste disposal is now a common prac­
tice for many companies initiating new operations. But 
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preplanniog wa, frequently ignored in the past, and 
waste . ac:cumulations are often haphazardly deposited 
in piles with dangerously steep banks. Thus, although 
stabilitation by vegetation might be preferred because of 
esthetic considerations, it is oft.en not applicable. There­
fore,' physical and chemical as well as vegetative methods 
will be reviewed here. 

PHYSICAL STABILIZATION 

Many materials have been tried for physical stabilize• 
tion of fine tailings. Other than water for sprinkling, 
perhaps the material most u5ed is rock and soil obtainetl . 
from areas adjacent to the wastes to be covered. Soil 
often has a dual adva.inage in that it provides an effective 
cover aod a habitat for encroachment of local vegeta­
tion. Soil, however, is not always available in areas con• 
tigUOU5 to the wastes and, even where available, it may 
be too 'costly to apply. . . __ 

Crushed or granulated amelte.r 'slag has stabilized a 
vuriety of fine wastes, notably inactive tailings _ponds . 
In · active . tailings ponds, however, the- 81.ag•covered pc;>r­
tions are subject to· burial from shifting sands or from 
new tailings depo&ita. Unlike soils or country rock;- $lag 
cao.not provide a favorable habitat for vegetation. Fur• 
thermore, suitable slag, like: soil and rock; must be locally 
available . 

Other physical methods of stabilization evaluated in­
clude the use of bark covering, the harrowing of straw 
into the top few inches of taiiings, and the placement of 
wuidbrealcs, Bark and straw have proved beneficial at 
the Anaconda, Mont., copper operations, and reed wind­
breaks were successfully employed in South Africao1 

plantings on gold and uranium mill tailings. 

CHEMICAL STABILIZATION 

Chemical stabilization involves reacting chemical with 
the waste to form ao air- and water-resistant crust or 
layer. · Laboratory studi~ have taken into account'_ the 
heterogeneous nature of tailings accumullltions. The mill. 
of sands and slim~ c~ange suddenly, as do ~rri1eability, 

.pH, and salt content. . · . · . 
A wide variety · of chemicals have been laboratory­

tested on samples obtained from copper, lead-zinc, clay, 
uranium, and vanadium process plant WaStes. Because 
the amount of moisture in t_he tailings affecr.s the bond­
ing characteristics of the reagents, this variable has a.Isa 
been investigated by moistening the tailings to various 
degrees before adding the c:hemicals. The chemicals 
are first applied to tl:te samples and the samples are then 
sub;ec:ted to 11.ltemAting wetting-and-drying and freezing­
and-thawing cycles to determint lhe ·i-c,i~tance to . these 
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disruptive forces. The coherency of the tailings surfaces 
after treatment is determioed by using airjets and watc:r• 
1ets to simulate wind and ·water ~rosion. The 65 chemicals 
tested j~clu~e soclium and poiaa~ium · silica~, lignosul~ 
phonates, pyrite u-eated • with sulphuric acid, cement, · 
lime, cationic .neoprene· emulsion, elastomeric polymers, 
resinous materials, bituminous .. base products, ce:llulooe 
compounds, various taU oil fraction5, · ami.o~. a.nd wax, 
tar and pitch emulsions. Of • the chemicals tested, the 
resinous, elastomeric polymer, lignosulphonate, bitumi­
nous base, wax, tar and pitch products have proved ef­
f~tive stabilize{'S. for one or more types of fine-sized 
mineral wastes. Several · of the more promising chemicals 
have .subsequently been evaluated by field tests on tailings 
from dilferi:nt mineral processing plants. · 

A 34-acre uranium tailing accumulation at Tuba City, 
Ariz./ was stabilized during the summer of 1968 as the 
first fidd trial of chemical stabilization. An elastomeric 
polymer,• DCA-70, ·was applied 10 the 'dike areas of the 
tailings pond in quantities varying with the su5ceptibility 
of the specific areas .lo wind erosion. Calcium lingnosul• 
phonate, a waste product from paper manufacturing. was. 
applied to the t,eacb areas -of. the ponds. Both water-solu· 
ble chemicals were applied . with an automated sprinkling 
system at a total ~tabilization cost of $335 per· acre. An 
evaluation of the stabilization achieved, made one year 
after treatmeot, showed that from 8% to 10% of the di.Ice 
area had been disrupted by high winds where irregular 
overhanging material permitted the wind 10 rip out sec• 
tion,. After 2 years. an . additions.I disruption of about 
20% had oceurt'ed, mainly in those areas that had bfoken 
out in the previous year. 

VEGETATIVE ST,\BILIZATION 

'To be sucessfu1;. the; initiation and perpetuation of vege-
1a1ion on fine wastes d~nds on · improving a number of 
aaverse factors. Mill . wastes U8Ually (I) are deficient in 
plant nutrient~; (2) contain ~cessive salts and heavy metal 
phytoloxicants; (3) consist of unconsolidated sands that, 
when windblown, deatroy young plants by sandblasting 
or burial, or both; and. (4) Jack normal microbial popula­
tions, Other less easily defined problems also complicate 
vegetative procedures. Tb~ sloping sides of waste pile& re-

. ceive greatly varying amounts of solar radi_ation depend• 
i!)g .on direction of exposure. Studies by GatesR have in­
dicated that, contrary to popular belief, photos.ynthc:1;i5 of 
plants is not continuous while the sun is shining; under 
high temperature conditions, photosynthesis may almost 
completely stop. Furthermore, most accumulations · of mill 
tailings are light in color and may reflect excessive radi­

. ation to pla.nt surfaces, thus intensifying physiological 
stresses. For the!le reasons, vegetation that may be cffec­
tiv-e on north.em and eastern exposures may not be suitable 
for sot1t'1ern or western exposu'res. · . 

. Ideally, vegetative stabilization should produce a· self­
perpetuating _plant cov.u directJy; or it shouid foster . en: 
traprneot and .germination of native ·plan-t seeds that will 
bei self-regeneratirig without the need for irrigation or 
special care. If the area were no~ cr<>tJl)ed OT grazed, only 
IUl initial fertilization would be required because the es­
sential nutrients would be li1.rgely cycled in place. 

Several mining companies have planted old tailinss 
. accumulations in efforts to achie1,,e both stabifo:ation and 

•Rderer,ce lo company ud iradi n&m4 i• m~de for idenll!lcallon only 
and docs not in)plr . cndornmen1 _by .lbc .Buruu or Mmu. 
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an attracti.ve site. Tailings at the Miami Copper Co., M 
ami, Ariz., were covered with about 4 . in. of country ~o 
-Obtained from areas adjacent to the tailings. This· countr 
soil was -of dark.er colo-r than rhe tailings a.nd provide 
some protection from heat reflection and offered a favo, 
able environment for germination and se.eding establis!: 
ment. The Miami researchers seeded this · material wit:· 
mixtures of seeds representing scores of species to obtai: 
diversity, Seedlings or sprouts of various tr-ee5 and shrub 
also were placed by hand. Such practices resulted in vig 
orous growth of planted species and the rapid encroach 
ment of native species onto the stabilized sires. Eventuall 
such natural suc=sion will produce a cover capable o 
self-perpetuation without irrigation or fertilization. 

Vegetative testing 

Bureau of Mines research at the Salt Lake City Metal 
lurgy Research Center is designed to develop · improve, 
methods for achieving better initial germin11tion and mon 
rapid growth than is now common ori mill tailings withou · 
the necessity for a soil cover. lJuceau work is c:oncetne, 
wjch selecting proper vegetation, studying the interactioi 
of fertilizers :With residual heavy mineral, and sal~ con 
tained within the wastes, improving the structure of thr 
wastes to enhance vegetative growth, and developing 1 

combination chemica.1-vegetative procedure to obviate thr 
problems of highly reflective surfaces 11.lld sandblas1ing. 

Species selection 

Seeds of ma.ny species were tested for germination an< 
growth i~ representative samples of various types of tail 
ings. Bot!\ domestic and wild ph1nt species were evaluate( 
in as-received ·t;iilings :ind with various ·fertilizer am~nd· 
mertt's . · Almo&t ·always, , the domestic species were mon 
reliable germinators than were the wild species. Plan'!! 
that showed considerable promise include the following: 
sweet clover, various VQJ'ieties of alfalfa, winter whea~ 
rye, barley, ...,arious wheatgrasses (western, crested, inter· 
mediate, tall pube9eent), other grasses (sorghum, love, 
Kentucky blue, orchud, etc.), and shrubs such a6 _big 
sagebrush, rabbit. brush and Siberian pea tree. A special 
barley, Charlottetown 80 (grown on Prince: Edward ls· 
land), has been effectively grown in acidic wastes at a pH 
as low as 3.0. · 

Preliminary tests using Indian ricegrass (oryz:.opsis ·hy, 
rntmoid.r), which is · a hardy native grass\ are encouraging 
beciltt.,e if proved capable of nitrogen fixation, this plan( 
will be especially beneficial for stabilizing infe:nile wastes.' 

Effect of salinity 

Salts present in -the W3$tes or mill water are major de, 
terrents to plant growth. Considerable difficuity was en• 
countered in growing vegetation · in milling ·wastes from 

· Kennecott's Utah Copper Division. To -determine the rea· 
sons, duplicate 'plantings were made· (1) in the n01mal flo, 
tation tailings, containing considerable water-soluble salts 
but assayiog only 0.05 % copper, mostly as sulphides; aod 
(2) in II simulated tai)i.ng containing little soluble salts but 
almost 0.25% co~per. Seeded test plots were watered 
with tap water and tailings effluent water. Both germina­
tion and growth were advenely affected when effluent 
water was used. For samples watered with tap water, ger­
minatioo and growth were much better in the simulated 
tailing mi,.terial despite 1he higher content of _copper. These 
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ie,ts i11.dic:ited that the toxicity was due primarily to the 
JJigh .~_ult conrent of rhe water and tailings. 

. Supplenientary tet1t8_ wete made to· determine which s~lts 
o.r · o,:ganic reagenrs ln ·~e .copper mill tailings 5olutions 
most .affected plant growth. The reclaimed tailings water. 
was compared with a prepared solution. simula_ting organ­
ic-free efflue_nt and one containing all the organics vsed 
in the mill. Water hyacinths were used as ·the test plant. 

Dehydration problems . 

.Hyacinths 'in the artificial solution bearing organic ex: 
tracting agents thrlved for sever.al weeks with no vislble 
harm- But plants in mill effluent (or in artificial solutions 
with SL1ffi.cient inorganjc salts added io produce ati os­
motic concentration comparable to organic-free mill 
water) wilted immediately. The measured osmotic co.ocen­
tratiollS of the lattef two solutions were 2.36 and 2.46 
am1ospheres. The osmotic gradient between the plant 
fluids and tlie environmem around tlte ro0ts presumably 
caused the p-lant& 10 become- dehydrated. A control test 
was run in which a · hyacinth was placed in a non-reactive 
mannitol solution having an .osmotic concentration of 2.4 
atm. The hyacinth wilted ·as rapidly a, in the mill effluent, · 
io.dicating that death of the test plants was due more- to 

. the salt content than to either toxic organic:: cc.impounds or 
metallic elemerus. The principal sal~ in the mill ef~lue11ts 
is l!Otlium chloride, but testing indicate3 that dehydration 
is produced with all types of salts at the osmotic concen-
trations coiuidered. · 

To. determine the effect of satioity on germination, 
tomato seeds were 1e51ed with m11.nnitol solutions at os-

. · motic concentrations ranging from O to 5 atm in increments. 
of O..'i atm. The germination rate dropped with incrensing 
concentration until there was· l!-lmost no gem.)ination at 4.5 

··litm. Jn other tests, seed~ of several spee1es wc:rt: ·planted 
in copper tailing, comaining sufficient sails to produce os­
motic concentrations between :z.;z and 2 .. 5 atm. These tests 
indicated that such osmotic conceotradoru Will not materi­
ally hinder initial gennination of most plants, but will 
limit growth unless the tAilings are leached to remove the 
soluble snJts. . . · 

A series of plant growth tests was made on several ura­
nium mining wastes. Tests on samples of stripped over­
burden from the Federal Partners Mine 11.t Gas Hills, 
Wyo., snowed that 11 growth of yellow .sweet clover, crest• 
ed wheat, and tomatoes could b~ establi,hc:d, but that salts 
solubilized by watering are brought to the surface by 
evaporation and after a month inhibit or destroy growth. 

Considerable research was conducted t<> devise means 
of . overcoming the deleterious effects of salts and acids 

· within mill tailings; Three mt:thods were considered: (1) 
Perco.lation leaching of the salts from the -tailings; (2) 
stratification of the snnd and slime frac;tions of the tailings 
during• deposition; and (3) solar orientation of mounds of 
tailings ti:, •produce d ifferential concentrations of salt on 
shade'd and sunlit sides of the mound. 
. A minimum · of. w~rk was done · on percoiation leaching, 

smce Dr. A. L. James1 had apparently devised a satis­
factory means of leaching highly acidic tailings. According 
to James, flooding is not an effective means. of leaching 
acidity from tailings because (I) prolonged flooding corri­
p:i.ct& the materials, producing condili(>JJS 1rnfi.vorable for 
Pl~nr growth; a,,d (2) when flcx>cling is h1dtcd, cvapora.tion 
bungs the acid to the surface again. James· investigations 
indicated that the down'!"ard movement of acidity can be 
encouraged by an extremely fine spray · of water which 
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forms a mist over the surface and retards evaporatiQn. r.f 
-tho spray of water applied does not exceed the rate at 
which it .can penetrate 'the tine slime-s, the zone of high 
acidity can be moved to a suffici.ent ·depth to permit vcg.:.­
tative growth within a period of 3 to 4 weeks. 

Studies made in the Bureau indicated that stratification 
and ·mounding of tailings improved 5alinity problems. 
Comparative vegetative. growth tests were made in un­
stratified plots of tailings material, and in "as-deposited" 
tailings capped with a layer of i;andr. and then with a stra­
tum of slimes. Both plots were permitted to· dry lho1.0_ugh­
ly, and then . watered once with sufficient- salt-free water 
to force the "~etting fron11

' se.veral feet into the under­
lying tails. Subsi::quently, water w~ added only when 
plants showed sigos of wilting. Appreciably more profuse 
aJ1d healthy plant growth was obtained in the stratified 
plots. Apparenl.ly, the sand layer hindered the migration 
of salts to the upper slime layer in which most of ·the 
vegetative growth t09k place. 

When tailings were piled on long mounds (approximate­
ly t:z in. high) oriented in an cai;t-west dittction, vegetative 
growth was manifold greater on the northern slopes of 
the mowids than on south-facing slopes where increased 
evaporation had concentrated on the soluble salts. In this 
testing, similar to that of Bains and Singh~, five mounds 
were established with saline copper tailin~ having a soil 
~olution with 11.n QS.1J1otic concentration -of about 2.4 atm. 

· The mounded tailings were then planted•. in April with tall 
.wheatgrass, yellow sweet clover, and Ladak alfalfa in two 
rows each oo. no.rth and south slopes of the mounds aod 
one on the top. These tests showed· that plant germination 
and ~urvivaJ after 9 weeks was three times grcatc::r on the 

. north slope than on the south slope and that the topmo-st 
row of vegetatio.o. on the mounds was subject to more 
·solnr radiation tba-n . even the .south slopes and. pJ.~nr 
growth suff«ed commensurately.' Samples were take'ri from . 
the surface inch of the mowids near the plaored rows on 
the norrhe,n and southern e,i.posure and leached to deter­
mine soluble salt co.nrent I 5 weeks after plauting. The re­
sults showed 30% more salts on the south than on the 
north .slop~. After 28 weeks, tbe survival nue of vet!ebl­
tion on the north slopes wa.s 17 times greater tban on tbe 
south slopes. 

Coping with erosforr 

Jn an auempt to reduce: the rate at which the mounds 
erode, five different chemical stabilizer.~ were applied to 
newly erected and seeded ridges. Results ,of these trials iri­
dicate that the stabilizers influence erosion r.ates, and also 
the germination and survival of plants. Chemical stabiliz­
ers tested included Coherex (a resino\13 adhesive), On:an 
A (ammonium lignosulphonate), Rerosol, DCA-70 (elas• 
tomeric polymers), and a ea.tonic neoprene emul5ion. After 
28 weeks, seedling survival counts show.e~ that almost 
40% more seedlings g(ew on the Cohcrex-ercated plots 

_than on the co111rol. In compari~on, the· catonic .. ne.opreoe . 
emulsion treatment sup·ported only 50% as many seedlings 
as the control plot; On:an A, 70%; and Rez05c;,J and 
DCA-70, 90% . Thus, Cohere:\; appears to aid seedling es­
tablishment and survival in saline waste. 

Effect of heavy metal salts on germination 

The presence of copper sulphides in tailings was not as 
deleterious as o,-iginally supposed. Additional plant growth 
rests were mnde in. tailings-containing 0 .07% and 0.2% 
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. copper-indicated · that copper content io the sulphide 
form was not ~ significant factor. To ascertain if soluble 
metal salts arc toxic, copper, nickel, zinc, and composite 
sa.lt& of tJ:iese elements were added to test plots and too:iato 
seeds wcre plaote~. Tomato was used . because it is a rel­
atively quick-growing plant that is ·sensitiye to heavy 
metal pbytotoxicants. These tests showed that 1,000· ppm 
copper had little effect, and lltat .nickel concentrations 
above 100 ppm, and zinc coi1centrations obove 10 ppm 
were co,dc. When using a composite of these elements, 
toxic effects became evident at 10 ppm and became pro­
nounced at about I 00 pPm. The · effect achieved with the 
low concentrations tested indicates toxicity to be independ­
e9t of ·o,n101ic presi;urc. 

·_Interactions of_ fertilizers and heavy metal min~rals 

Contradictory results were . derived from initial teets 
when nitrogen, phosphorus, and potassium fertilizers were 
added to test plots of copper flotation tailings from differ­
ent mills. Addition of fenilizers enhanced germinntioil and 
growlll on some tailings, but had the opposite effect on 
other failings. These opposing effects were deemed to de­
pend principally on two factors: First, if ~alt•containing 
tailings produced nn appreciable osmotic com::entr11tioo 
when watered, the fer1ilizer appeared to incr.ease this con­
cen1ration with deleterious effect on the plants. Second, 
if components of die heavy-metal-conlaining minerals 
were easily . solub,ili.red by the ammonia in the fertilizer, 
_the metal Ions hindered plant growth.· 

Preliminary tests on several types of mineral wastes in­
dicated that adding 45 lb per acre of urea aod calcium 
treble superphosphate provided sufficient fertilizer to stim­
ulate grC1wt.h of most plants. 

~odification of tailing pH 

Basic a.ud acidic · tailings, conditions adverse for plant 
growth, can be neutralized by adding lime or limestone 

. and sulphuric acid, respectively, but problems arise if the 
amount required is appreciable. Impervious crusts are 
sometimes formed if the neutralizing agent interacts with 
the acidic or basic causutive agent. The use of a fine water 
spray, previously described, provides nnother technique 
that m11.y be effective for eliminating eitcess acidity. 

Tailing samples from variou& locatioos would not sup­
port vegetation without neutrulization. Among these were 
uranium tailings_ ~rom Wyoming and Colorado which had 
pH values of 2.3 to 4.5. Additions of 70 and 6.7 ·lb of 
lime, respectively, to the top 2 in. of tailings per acre­
raised the pH sufficiently 10 sustain plant life. Vitro Mio­
en\ls & Chtmical Co. of Salt Lake City, Utah, had both 
acidic uranium tailings (pH 3.5) and basic vanadium tail­
ings (pH 8.5). These were mixed ii, eqt1al portions to pro­
duce ·a materi11l of pH 6.3 in which seeds readily germi­
nated. fcttiliza~ion, however, was necessary to sustain 
adequa~e plant _growth, . 

Combinatio.n chemical-vegetative stabilization 

This is perhaps the most innovative study co11ducted by . 
the Bureau of Mines. ThL! use of suitable chemicals 10 sta-

. bilize surfaces of mill tailings ond encourage growth. has 
several advantages. Sandblasting of the plants is mini­
mized. Moi~ture i.< retainf.n in the t11iJin,es. Germinatio11 i~ 
pri.,mul1,d ;>nd willing is minimized hy <:n;u{ing a da rk 
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heat-absorbing surfnce, Plant food may be added . 
Se!'eral chemicals that effectively stabilize tailings were 

eva)uared as lo b"eneficial effect when used with veget4. 
tion. A series • of_ .tests was n-ia.ge i.n whicn: ra_11ger olfalfa, 
crested wheat, ·yellow sweet clover, rabbit" brush, sage­
brush, and Marglobe toniatoes · were plantc~ in leached 
and ·unleached tailings woich had been treated with sev. 
era! chemical soil stl\bilizers. The group plaottd ill leached 
tailir,gs included a control and four plots treated with Co­
here,c (a resinous adhesive), Peneprime (a bituminous base 
product), sod Soil Oard and Compouocl' SP-400 (elasto. 
meric polymers). The group plaoted in unleached taiJioga 
included a control ll!ld 1wo plots treated wilh Coherc:i. 
and Soil Gard. Cohere~ and Soil Gard stimulated gennina­
tion and sustained plant growth; Peneprime and SP•400 
hindered germination under the ·. conditions tested. On 
leached tailings, the effects of Coherex and Soil Gard 
were nearly tbe same; on tinleached tailings, Coherei- per­
formed be:tter than Soil Gard . The respective germination 
aod .survival rates were as follows, in percent: 

Tailings Cohe,H 
Germination Survival 

Leached ... , .. . . . . , . 64.1 61.0 
Unleacl!ed 30.5 16.D 

So~ Gard 
Garmlnallon Survival 

54.7 52.6 
14.5 5.6 

Subsequent tests have corroborated the preliminary re­
sults, which showed that resinous compounds produce the 
best overall plant growth . and surface stability. Several 

. type; of eiastometric polymers also proved effective. 
The combination system ultimately developed was ap­

plied to a JO-acre plot of Kennecott's McGill, Nev., tail­
irigs in mid-September 0£ 1967. The McGill te.i_Iings are 
located in ~ climatically harsh site for vegetation. The 
growing seal\()(). is short, the tem~rature range is wide, 
and precipitation is only 8,4· in.· per yea_r. Different pr-o­
p<>rtions 0£ wheatgta5se·$ and various tree seed,. were mix­
ed and planted by drill seeder at a rate of about 35 seeds 
per sq ft. · Frilled urea and superphosphatc fertilizer& were 
added to the seeding mixture at a rate of about 45 lb per 
acre each of J.'~O, and nitrogen. The mixture was planted 
in furrows JO in. apart. A week. after, Coherex diluted 
with 4 parts water was applied over the entire area at rates 
o.f 0.18 to 0.66 gal of dilute solution per sq yd. 

A germination count of the plants w11s made one month 
after seeding. This count showed that 24, 12, and 52% 
of the legumes, grasses, and winter wheat, respectively, 
had _germinated. The seedling plants were vigorous and 
healthy, up to 5 in. ta-11 . One week later, -a killing frost d~­
stroyed most of the leg1.1mes, which were still in the_ cocy­
ledon (earliest leaf) stage. 

-Another survey of the seeded area,. in May and Sept.em­
ber 1968, proved that the primary objective wa_s attained· 
-the area was stabilized against wind erosion a.nd native 
plant species were encroaching onto thc stabilized plots. 
The Siberian pea tree was o,e only. one of the 11 species 
orig.innlly planted that either did . not germinate l)r failed _ 
to survive to the September 1968 survey; Eleven wild _ spe· 
cies lrnd encroached and wen: growing. •.I 

An accounting Wa5 kept of materi;il and application 
costs as.~ociated with treatment of the I 0-acre plot. The 
Cohere!l was applied in quuntities ranging from O.l 8 to 
0 .66 go) p~r sg yd. Duril)g a year of observation, no ap­
preciable differences were noted in rhe stabilization of 
plots treated with the different amounts ·of Coherex: . Table 
I presents lhe co~t~ hR.\ecf on application of 0.1 R gnl Co· 
here.x per ,;4 ycl . The c:slin-ialc:d u)~I of $1,JSS fM the JO 
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11cres could probably ·be reduced if larger acreages were 
treated or if p_roper .equipn1e.ot were available. 

Table !_:_Coat of stabiliz:ati1m procedure 
per 10 acres 

Item Cort 
Seeds .... , ..... : ...... . ... . 37 siiods per square foot .... $ 56 
CeJcium treble superphosphale . . 45 poun<ls P,O, oer !K:re . . . . . . 51 

. Prllltd ufaa : ...... , ..... , . . . . 45 pounds N per acre . . . . . . . . 62 
Coherex; 

At 20 cents per gallon .. . .. 0.18 gallon per square yerd 1... . 34S 
f'reight al 8 cents per gallon . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 

Labor, st $3 per hour . . . . . . ..... . . ,3 man fer 3 days . . 216 
Eaulpment elipense; • 

Seeder and grader ..... . .. : . . . . . . . . . . . . . . . . . . 100 
Waltr truck ...... .. ... . ......... . .. , . . .. . . .. . . , . , , .. , 382 

Total ... . ... . ..... . . .... , .. . ... .. . ... .. . . .. . . . .. . . $1,355 

, Cohercx solullon dflu1cd wllb 4 pMta by •olumo. 
z JIQulpn•ent coots estim•lod . 

Though no irrigation ·was applied to the plot during the 
3 ye.in since planting, growth was deemed excellent 
for !ht conditions, As of May 1970, the plot accommodat­
ed approximately 25 diff~rent _plant species, all growing 
well, 15 of which -were encroaching native speciea. 

.Eight different nitrogen, phosphate, aod potash ferlili­
ia.tiiin regi~es p!us lime$tOne amendments were applied 
10 djfferent parts of t.h~ -vegetated area in October 1968. 
Each plot was evaluated a; to fertilizer effect in the spring 
of 1969 and the entire area was refertillzed with 25 lb per 
acre each of nitrogen aod phosphorus and 12.5 lb pot• 
ash, Jn May 1970, the plots were again evaluated. These 
$bowed the following ratings for the initially ft:rtilii:ed 
plots_:_· · · 

Rating~ fertilizer, pounds p■r acrt 

1 ... . ... . .• .. .... .. .. 18-N, 18K (vrea plus potash} 
2 . : . . . .. . . . ... . . .. . ... . 18-N, lB•P (treble superphosphats (TSP) 

plus urea) 
3 ..... . . • .. _ ....... lB•N (ammonium sulphate) 
4 ..... .- . . .... . ... . 18-N (urea) 
5 ...• . . . . .. •.. . . , . .18-N, 124-CaCO, (urea plus. limestone) 
6 .. , . , .. ... . . , , . , . . . .... 18-N, 18-P (ammonl.um sulphata plus TSP) 
7 ...... • ...... . . . . . . . . . Control (nothing added) 
8 ... .. . . . . .. .. . . ....... 18-P (treble supe,phosphate) 
9 .. . · ..... . . ... ., ... . , .. 2.5-N, 6.3-P, 1.8-K (Megamp)t 

• !lost plo1 ·to wont plot by lncreu111, number. 
1 C011,n,ereial m■gne,ium, ammonium pbo1phato lertll17.tr. llc11 ted 10 

root ,y1te.m, . · 

The . plots ~ere again refer.tllized May l 970 using nine 
different regimes. These will be evaluated in the spring 
of 1971. 

Stabilizations in. oth~r areas 

. : p,e_ s~ccess · of the .~omb!ned chemic.al-vegetative . sta­
b1h.zll1t.011 procedure nt _ Mc01ll, Nev ., prompted testing of, 
thnt · 111ethod in other localities with differing environ­
ment~. Tniling ponds in areas represent11tive of markedly 
v11ryirig climatic cQnditions and with differing mineral 
b-1se~ were planted using different modifications sufted ro 
the areas. 

One a.ere of the beach area of the White Pine Copper 
Co. tailing at White Pine . Mich., was vegetatively and 
c~emically stabilized in September 1969, jn cooperation 
Wlfh t'11: company, The test plot was planted with s£eds 
of si .~ different grasses. three legumes, and an oat grain . 
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Calcium treble superpbosphate, ammonium nitrate, and po• 
tassiun, chloride were applied a& fertilization. After _plunt­
iog, Cobern was applied to prevent blowing of ·the sand · 
and to eliminate cutting or burying of the· plunts, A · ger­
mination count made by_ the company 6 weeks after 
planting showed a germination rate of 20.%. The White 
Pine Copper Co. has planted much more extensive acre­
ages in July of 1970 and the growth has been deemed en­
couraging. · 

Approllimately 2 acres of a lead-zinc tailings_ pond at 
Flat River, Mo., · wai; !>tabilized in · a similar fashion in 
September 1969, in cooperation with the St. Joe Lead Co. 
The plot was inspected in March of thi6 year and the 
plan.ts wert: cnjoyi,ng healthy, vigorous growth, A flock of 
about 400 geese were feeding on the plants and had been 
doiog so for over 3 weeks,, as this was the most succ:ulerit 
feed in the area. 
. An acre of lead-z.inc tailings pond at Page, Idaho, be­

longing to American SmeltiL1g and Refining Co., wa9 also · 
cooperatively stabilized by the basic vegctative-chemic:al 
procedure in September 1969. An irispoctiou of the area. 
in June 1970 showed that most of tbe fall germination 
plants hnd died during the winter and early spring. Plant 
growth is now spotty aod only 2 to 6 in. high. The reason 
for the denth of the plants, whether by winter kill, beavy 
metal toxicity, lack of woter, or whatever, is yet to be 
determined. 

Initiation of plant gro~ . oo Interpace Co. _ halloysite 
clay tai.lings from Mica, Wash., has been difficult 10 obtain 
in laboratory tests because the material indurates upon 
drying and prevenis proper air, wnter, and soil relation• 
ships. Tests to overcome- this difficulty were made and 
Interpace Co. was supplied with the results; in the ·late foJI 
of 19_69; the: wastes at °J\-1:ica -,vere prepared and plnn;ed. 
A l 0-acr~ plot of the area was covered with 5 to J 2. in. of 
ove:rburden · from the mining o~rations, aDd :mo lb per 
acre o.f gypsum was disked into the surface. The areii was 
fcrtilii:ed with l 8, 60, and 30 lb per acre:, rc:spectiv~ly, of 
N.,, P~O,., and K,O. Rice hulls were spread over the sur­
face ai,d the area was planted with hard fescue, bluegrass, 
and crestec;I whi;atgrass. Another acre! adjacent to the JO. 
acre plot · was fertilized with N", P,O,., and K0O at 34, 
144, and 42 lb per acre, respectively, and then planted. 
The plant seeds used included eight varieties ~f grasses, 
four legumes, and three grains. Portions of the two areas 
were stabilized with Coherell. · 

Inspection of the Interpace property in June 1970 
showed remarkable plant growth on the areas. The grains 
were about 3 fl hi_gh and foll seed heads had developed. 
The crested wbeatgra5& was about 2 ft tnJI with se·ed heads 
dcveloping. ·Short grasses were growi!)g ex.ceptiooally well, 
and although the· legumes were sparse, the growth was 
healll).y. 
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