CONSTRUCTION AND PRELIMINARY EVALUATION OF
COPPER TAILINGS RECLAMATION TEST PLOTS
AT CYPRUS MIAMI MINING CORPORATION!

by
Guy A. Chammas, Douglas R. McCaulou, and Gary L. Jones?

Abstract. Twenty pilot-scale test plots were constructed in mid-1998 at the Cyprus Miami mine to investigate the
feasibility and cost-cffectiveness of various reclamation strategies for establishment of self-sustaining native vegetation
on acidic copper tailings. Four reclamation strategies are being tested: (1) directly covering acidic tailings with varying
thicknesses of cover soil, (2) removing and/or neutralizing particularly acidic surficial tailings before soil cover place-
ment, (3} chemically and/or physically inhibiting upward water and solute movement using neutralizing and neutral
capillary barriers, and (4) constructing a subgrade of neutral tailings beneath cover soil. Preliminary results suggest that
thicker soil covers and capillary barrier test plots initially support vegetation to a greater extent than other test plots,
probably because of their increased moisture storage capacity. Results also suggest that salts are beginning to migrate
upward from underlying tailings into cover soil. Data collected from ongoing vegetation surveys and soil testing will be
used to evaluate the effect of various reclamation strategies on vegetation establishment and the potential impact of upward

salt migration.

Additional Key Words: revegetation, phytotoxicity, salt migration, capillary barrier, soil cover.

Introduction

In 1989, the Cyprus Miami Mimng Corporation
(CMMC) initiated a tailings reclaniation project on inac-
tive itnpoundments at its copper mine located near
Claypool, Arizona (Jones 1991). Several hundred acres
of circumneutral pH (neutral) mill tailings have been suc-
cessfully vegetated using a combination of traditional tech-
niques such as soil cover placement, fertilization, and
seeding, and iunovative holistic resource management
techniques such as controlled animal impact. While rec-
lamation of neutral mill tailings has been fairly straiglit-
forward, reclamation of acidic mill and vat-leach tailings
will be limvited by their phytotoxic nature.

The pilot-scale vegetation test-plot project dis-
cussed in this paper was developed by CMMC and Hydro
Geo Chem, Inc. to investigate the techmical feasibility and
cost-effectiveness of establishing self-sustaining native
vegetation on seil covers over acidic mill and vat-leach
tailings. Table 1 summarizes the rationale of test-plot
design.
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and Reclamation,

Mine tailings reclamation options are highly site
specific and depend on factors such as climate, chemrical
and physical properties of the tailings, availability of cover
soil, and primary reclamation objectives (e.g., minimize
waltcr or 0xygen penetration, minimize erosion, or reclaim
for specific 1land uses). At CMMC, the combination of a
semi-arid climate and the phytotoxic nature of tailings
presents the primary obstacle to reclamation becanse of
the potential for upward migration of salts into the soil
cover as a result of evapotranspiration and diffusion (Barth
1986}. The local availability of Gila Conglomerate cover
soil shown to be an effective growth medinm (Jones 1991),
and the large area (up to ~1,000 acres) to be potentially
reclaimed, excludes the use of biosolids or other treat-
ments designed to increase the suitability of the tailings
materials themselves as a growth medium, Because the
movement of moisture under unsaturated conditions is well
understood and was not an important objective in this
project, construction of lysimeters 1o monitor the waler
balance and extensive soil physical testing is not being
conducted. Rather, we are focusing on soil cliemical analy-
ses and vegetation survey data to assess the ability of 20
reclamation configurations to minimize upward salt mi-
gration and support vegetation, Although treatments were
not randomized or replicated, we expect to collect data
which will assist CMMC in making final reclamation de-
cisions.

Test Plot Configuration and Constinction

Test plots were constructed in mid-1998 and

completed to within a 1-inch thickness of design specifi-
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cations using a combination of manual labor and
earthmoving equipment including a Komatsu D-37E bull-
dozer, a 3-cubic yard capacity Komatsu front-end loader,
several 10-cubic yard capacity, ten-wheel haul trucks, and
a Caterpillar motor grader. Four main types were con-
structed (Figures 1 and 2):

1. direct coverage (Plots G-1, S, and T),
2. capillary barrier (Plots A-D),

3. surface alteration (Plots K-R), and

4. subgrade addition (Plots E and F).

Plots A through R (Figure 1) are approximately
5,000 square feet each while Plots S and T (Figure 2) are
10,000 square feet each. The test plots were sized to mini-

Table 1
Test Plot Design Rationale

DESIGN BASIC QUESTIONS
CAPILEARY:BARRIERS Sastenim s Kt

Are physical and chemicad mitig
measures needed to pretoct

PLOT |

12* GC Cuver over 6" Neulrulizing

A Capiblary Barrier vegetation from upwurd phytatuxic
censtitucat migeation? Does o
i Jc supput liner enh the
performance of & neutralizing
12* GC Cuver over 6" Neutrulizing cupillury barzier by preventing fine-
B Cupiltary Barrier with Genfubric Suppert | grained ocidic tailings from entering
Liner and panially filling the pores of the
capillary barrier?
0 " - Cun physical nuugmon MeiUSuIcs
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D 18" GC Cover u\an;rl:ie'r:leulml Capillary reyuired 10 eficctively maintain
vepetation?
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6" GC Cover aver 6" Neutrul Mill Will covering acidic mill exilings with
E Tailings Subgrads ncutrad mill wilings fram adjacent
tuilings dams help sustain vegetation
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H. 5 12" GC Caver mingiom thickness of GC is
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hetween a cover’s thickness amd it
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LT 6" GC Cover phyluluxic constitwents from

undedying aciic tailings?

IR" GC Caver uver Lime-Amended

Is liming acidic mill taitings

K Acidic Mill Tailings y lor esiublish of &
L 6" GC Cuver uver Line-Ameaded Acidic | vegetated GC cover? IF so, what GC
Mill Tailings cuver thickness is required?
Dacs remaoval uf panicutarly acidic
M 18" GC Cover uver 6% Seraped Surface | surfivial mill tailings hefure GC soit
cuver placernent inhibit upward
phytotoxic constituent migeation? I
N 6" GC Cover over 6° Scruped Sarfuce so, what GC eover thickness is
required b sustain vepetation?
" . " 1s remwval of paricularly acidic
o 18" GC Cuvc.r wer hnp—Amcndcd [ surficial mil tailings and liming the
Seraped Surface msulung surface necessarylur
lisbment of a vepetated GC
6" GC Cuver nver Lime-Amended 6" cover? I su, what GC caver
P Scrapod Surface thickness is required Lo sustain
vegettion?
6" GC Caver vver A" Neuteal Mill . . R
Q Tuflings Subgradc aver * Scraped Ducs remaoving I.I!e'uppcr ﬁ.lnd1§s of
Gurluce particularly acidic surficial mill
™ - - Lailings imj the performance ot
R ':1_ .Cl}.C C'éw: ovsr 12 N;‘u;r.ﬂ Mill 1he seutral mill tailinps subgrade test
‘uilings Su L;Lr?n::gm craped pluts (E and Fy?

GC = Gila Conglomerate

mize potential edge effects. Gila Conglomerate with a
gravelly sand texture obtained from borrows on CMMC
property was used as cover soil in all test plots.

Direct Coverage Plots

Gila Conglomerate was directly applied onto the
surfaces of acidic mill tailings (Plots G-J} and acidic vat-
leach tailings (Plots S and T). The mill tailings are char-
acteristically fine sands while the vat-leach tailings are
gravelly silty sands. The soil was spread in thickness rang-
ing from 6 to 24 inches to evaluate the effects of cover
thickness on vegetation quality and upward salt migra-
tion,

Capillary Barrier Plots

Acidic vat-leach tailings obtained from a bor-
row located near Plots S and T were mechanically screened
to isolate the 3/16-inch plus fraction, and used with %-
inch minus fimestone gravel obtained from a quarry lo-
cated about 5 miles from the site, to create neutral capillary
barriers in Plots C and D. The same imestone gravel was
used to create neutralizing capillary barriers in Plots A
and B following installation of a geofabric support liner
in Plot B. The liner is being used to assess the added ben-
efit of minimizing fine-grained, acidic mill tailings intru-
sion into the pores of the capillary barrier. Gila
Conglomerate was spread on top of the capillary barriers
in thickness ranging from 6 to 18 inches. While capillary
barriers are likely to be cost-prohibitive on a large scale,
they were included in the study to allow an evaluation of
their effectiveness if they need to be used in highly acidic
areas where other cover types might fail.

Surface Alteration Plots

Particularly acidic surficial mill tailings were
removed from the area currently occupied by Plots M
through R by scraping the surface to a depth of 6 inches.
The total acidity in the top 6 inches of the resulting sur-
face beneath Plots Q and R was neutralized by evenly
applying, cross-ripping, and hydrating 's-inch-minus
quicklime. The amount of lime added was based on the
results of lime requirement and acid-base accounting tests.
The total acidity of top 6 inches of the intact acidic mill
tailings surface beneath Plots K and L was neutralized in
the same manner. Gila Conglomerate cover soil was ap-
plied in thickness ranging from 6 to 18 inches following
surface alteration. Surficial tailings were removed and/or
neutralized with lime in these test plots to assess the addi-
tional benefit that these techniques would provide in mini-
mizing upward salt migration and supporting vegetation.




Figure 1

Configuration of Test Plots Over Acidic Mill Tailings
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Figure 2
Configuration of Test-Plots Over
Acidic Vat-Leach Tailings
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Subgrade Addition Plots

Potential future regrading options for tailings
impoundments which would place neutral tailings above
acidic tailings are being evaluated in subgrade addition
test plots. Sandy neutral mill tailings used in Plots E and
F (and surface alteration Plots Q and R) were obtained
from a nearby inactive CMMC tailings impoundment. The
neutral mill tailings were dumped and spread in either 6-
or 12-inch thicknesses on the intact acidic mill tailings
sarface before 6-inch Gila Conglomerate cover placement.

Hydroseeding
Following construction, all test plots were

hydrosecded using an aqueous slurry composed of the
following materials:

* seed mix as described in Table 2,

= a net 23% nitrogen, 13% phosphoric acid, 0% po-

tassium (23-13-0) fertilizer composed of 2 parts am-

monium phosphate (16-20-0) and 1 part slow-release

methylenc urea (38-0-0) at 287 lbs/acre,

« ¢ellulose fiber mulch at 230 Ibs/acre,

» humic acid soil conditioner at 17 gallons/acre,

Table 2

Hydroseed Species Mix
Purg Live Seeding Rate Muin
Common Name Srientific Name Growing Season’|
VRN D Grasies R ]
robolus cryptandries W
Green sprangle-1op Leptochlog dubin w
Blue geuma Bouteloua grucifiz w
Side-oals pruna Bouteloud curtipenduli w
Purple three-awn Aristida purpured W
Cang heardgriss Bothriovloa burbinsdis w
Buvtilchush syuirreliail Siteeniorn frystrix c
Plains kiveprass Eragrostiy intermedin w
Curly mesyuite Hilarie belangeri w
Plains bristle prass Seturia macroxtachyu W
Alkali sacaton” Spurubplus gireides 1.0 W
EE RO N e
Glohemaltow Sphateralen ambigua 0.5 wC
Desert marigald Buiteyer multiradiata 05 wC
Indinn wheat Phantage insularis 50 [
Pamy penstemon Penstenion parryi 05 [
Mexican gold poppy |  Escholizin mexicrue 20 c
Armiyo lupine Lupinus suceulenius L5 [
Desert lupi Liggrinues sporsiffors |
R R R W GO
False mesquile Callinndra eriophyl 2. w
Four-wing saltbusty Afripfex cunescens 1.0 [
White thom agacia Acucin consteictit L0 w
Culelaw auacia Acrteid gregpii 2.0 W
Wail-i-minute bush Mintaxva biunivifera s w
Velvel mesquile Prosupis velusiia i} w
Jojahi Stamondsiu chinensis 30 wC
Creasate bush Larrest tridentia 30 w
Three leuf sumac Riues erilobare 24 WC

*Seeded in mid-September 1998 with irmgation water
"W = warm; We = mainly warm, occasionally cool; WC = warm and cool;
C=ccol

» pure mucilage tackifier at 62 lbs/acre, and
» natural organic compost at 5.2 yd*¥/acre.

Table 3
Test Plot Construction Costs

After hydroseeding,
test plots were cov-

ered with straw Plot | Total Cost | Cost per Acre
mulch at a rate of A $4,752 534,935
2.2 tons/acre and B $6,360 546,757
fixed by crimping C $9,123 569,845
and tacking using D 59,946 576,141
pure  mucilage E $1,207 $9,225
tackifier and cellu- F 51,686 512,884
lose fiber at rates of G 51,389 $11,877
approximately 200 H $1,020 $8,722
and 790 lbs/acre, re- I $1.818 $15,015
spectively. i $674 $5,562
K $2,747 $23,369
Costs L $2,006 $17,063
The capi- M $2,152 518,237
tal cost for each of N $1,408 311,929
the test plots is listed 0 $3.251 526,849
in Table 3. Costs in- P §2,488 $20,547
clude materials and Q $1,529 $15.635
delivery, construc- R 51,884 $19,269
tion labor and super- s $3,196 $13,920
vision, tacking, T $1,872 $8,153



seeding, and amendinent application. Engineering design
and oversight, soil sampling and testing, and field sur-
veys are not included. Unit construction costs are expected
to be significantly lower for those techniques chosen for
use on a larger scale.

Precipitation and Irrigation

Figure 3 illustrates precipitation measured in rain
gauges near the test plots between July 8, 1998 and March
16, 1999. About 70% of the 6.6 inches of total precipita-
tion over this 8-month period resulted from brief and in-
tense summer thunderstorms. Although secdlings were
growing on all test plots by mid-Septeruber 1998, uneven
rainfall caused them to be inconsistently distributed. To
compensate for the variable rainfall, about 1.5 inches of
water was applied on Plots A through R over a four-day
period using a temporary five-line, center-pivot sprinkler
system along with hydroseeder truck applications in late
September 1998. About the same amount of water was
applied on Plots § and T over the same four days. No
additional irrigation has been applied.

Prelimingry Results and Discussion
Vegetation Surveys

Four surveys are planned over two years to docu-
ment the density, diversity, and health of plants on cach
test plot. Surveys are scheduled for fall and spring in or-
der to record the acttvity of both warm- and cool-season
vegetation. Table 4 summarizes the data being gathered
cn all test plots including indices which measure plant
response over time, Results from the first survey (Octo-
ber 1998) are summarized in Table 5 and discussed be-
low. Results from all four surveys will be used to evaluate
the effectiveness of plot configurations in sustaining plant
communities.

Figure 3
Precipitation at the Test Plots
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Table 4
Vegetation Survey Data

Whole Plot Flant Abundance

Relative number of plans of each species on entire plot:
0= gone 3= common (100-1000)
| =rre (1-10) 4 = abundant (10004}
2=occastoral (10.100)

Plants in Quadrat
Total number of plants of cach species in cach of four 10-fi quadrats per plot

Average Size

Average height and width of each species in whole plot:
1=<linch 4=101c40inches
2=11to Sinches 5=>40inches
3=510Winches

Numbers are also given (o indicate the relative number of leaves for grasses and
stems for forbs and woody species:

1=few 2= many
Overall Vigor
Overall vigor of each species in whole plot:
0= dead 3= pood
1 = poor D= dormant
2=fair
Phenology Range
Measure of the periodic change of plant maturity;
0 =Dead 5=Fruit or seed set

| = Seedling (cotyledons and few tie 6= Pruit or seed drop
leaves)

2 = Significant number of rue leaves
yel immature

3=DBud stage, forming pre-flowering
baots or buds

4 =Flowering

7=Post fruiting or seed drop

8 = Dormant

Diversity Index
Total number of seedzd species observed on entire plot divided by total oumber
of species seeded (27).

Quadat Density
Total number of seeded plants in all four quadrats divided by the total area of the
quadrats (40 ft),

Biomass Index
{Average seeded plant height) x (Average seeded plant width) x (Average seeded
plant number of leaves or stems) x (Quadrat Density)

Vigor Index
Average vigor of seeded planis on plot. {Dormant plants not included.)

Health Index

(Vigor index) x {Quadeat Density)




The diversity index measures the proportion of
seeded species observed to be growing on ¢ach test plot
(Table 4). Given that 7 of the 27 seeded species are exclu-
sively cold-season plants (Table 2), the maximum diver-
sity index at this time should be (.74, Values for this index
in October 1998 ranged from 0.59 to 0.78, indicating that
most species had germinated. However, the density of
plants varied considerably (0.7 to 5.9 plants per square
foot), as did the health of plants as measured by the health
and vigor indices (Tables 4 and 5).

Variation in vegetation quality and quantity dur-
ing the initial stages of this project is probably more due
to differences in soil cover thickness and subgrade type
than chemical effects such as upward salt migration from
underlying acidic tailings. For example, the capillary bar-
rier test plots (A through D; Figure 1) established denser
stands of healthy vegetation as compared to the other test
plots (Table 5), probably because capillary forces led to
the preferential retention of moisture in the finer-grained
cover soil above gravel. Moreover, it appears that the thin-
ner the cover over the capillary barrier, the healthier and
denser plants became (compare indices for Plots A through
D, Table 5). Although this seems counterintuitive, it makes
sense physically because the cover soil above the capil-
lary barrier acts like a sponge due to its finer texture, If
the same amownt of water is applied to the thinner cover
(smaller sponge) as the thicker cover (bigger sponge), the
thinner cover will become more saturated than the thicker
cover because of its smaller volume, Thus, cover soil in
Flot C could provide more available moisture to seed-
lings with shallow oot systems and consequently sup-
ported the densest and healthiest plant populations
(Table 5).

Despite these preliminary observations, we ¢x-
pect that thicker covers over capillary barriers will even-
Table 5
Summary of Fall 1998 Vegetation Survey Results

DIVERSITY | QUADRAT | DIOMASS VIGOR HEALTH
PLOT INDEX DENSITY INDEX INDEX INDEX
A 014 44 24.% 250 12.25
B 073 s L6 L 9.75
c 070 59 2.2 n 12,42
D 074 246 154 281 7.23
E 0734 7 5.6 2,55 .84
F 0.5y 14 1.2 2,63 .61
G 070 (B 94 bl | 4.88
H 0,63 14 %5 276 187
1 078 19 10.5 2,654 496
J 0.70 1 1.y 266 5.52
K (78 2.5 154 234 £71
L 074 18 9.8 260 4.62
M 70 pa | 1.5 258 529
N 178 4.5 244 217 w80
4] 174 15 1Ry 273 vy
P 67 29 17.8 261 .51
Q 74 30 16.6 .60 147
R .74 26 14,3 2.55 6.50
s 63 1.9 12,2 276 in
T 0.67 037 44 272 1.91
MAXIMUM 0.78 54 2.2 PR} 1242
AYERAGE 0,72 7 15.0 2.63 L3 ]
MINIMUM .59 0.7 4.4 2,11 191
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tually support vegetation to a greater ¢xtent because they
have the potential to hold more moisture and provide a
greater rooting volume to plants. This same premise holds
true for those configurations without a capillary barrier
because there is no subgrade to prevent water from mov-
ing deeper in the profile. For example, 12-inch direct cov-
erage Plot S had congiderably greater biomass and health
indices than 6-inch direct coverage Plot T (Table 5). Nev-
ertheless, the fact that we do not see a similar ¢ffect in the
other four direct coverage test plots (G through J) indi-
cates that other variables are likely influencing the initial
vegetation growth on the test plots.

Salt Migration Study

Bascline Conditiops. Baseline soil chemical conditions
were evaluated vsing the following analyses: 1) ammo-
nium acetate-extractable calcium, magnesivm, sodium, and
potassium; 2) bromide, chloride, molybdenum, nitrate, and
electrical conductivity in a 1:1 weight/weight
soil:deionized water extraction; 3) sodium bicarbonate-
extractable phosphorus; 4) diethylenctriaminepentaacetic
acid-extractable zinc, iron, manganese, copper, and lead;
5) hot-water extractable boron; 6) potassium chloride-
extractable aluminum and ammeonium; and 7) paste pH in
a 1:1 weight/weight soil: deiomized water slurry. Methods
used for these analyses are described in Sparks et al.
(1996).

Baseline results are compared to values that may
be detrimental to plants (Table 6). All tested materials lack
between 3 and 7 of the following plant macro- or micro-
nutrients: nitrogen, boron, calcium, iron, magnesium,
manganese, phospherus, potassivm, and zinc. Acidic mill
and vat-leach tailings have potentially phytotoxic concen-
trations of aluminum and copper in addition to detrimen-
tal pH values. Neutral mill tailings used as a subgrade in
Plots E, F, Q, and R contain high concentrations of cop-
per and molybdenum,

Baseline results were used to select indicator con-
stituents for salt migration monitoring over time. Alumi-
num, iron, manganese, molybdenum, calcium, copper,
boron, paste pH, and electrical conductivity were identi-
fied as key constituents because they differ greatly be-
tween Gila Conglomerate cover soil and various
subgrades.

Winter 1999 Results. Soil samples were collected at the
base of the Gila Conglomerate covers near the center of
the test plots in February 1999, Resulis were compared to
baseline results using two-sample t-tests (Table 7). lron
concentrations in all sampled test plots were significantly
greater than baseline iron values, suggesting upward mi-




Table 6
Baseline Soil Chemistry Results

Gila Conglomerate® Surficial Acidic] Buried Acidic | Neutral Mill Acil?:::lat-
Analyte Unit Phytotoxic Level Sample Sizs Cu:f":::i::;ﬁzml Mil Tnilings“ Mil Tailings" Tailings"
Aluminum megfkg >2" 14
Ammonitm mglkg N <10 or >130" 4
Boron mg/kg <0.2 or >5° 6 ) - 1,06
Bromide mg/kg - 4 04032
Calcium mglkg <400-1000° 7 1483 2477
Chloride mg/kg - 4 23.B+45.5
Caopper mg/kg <0.2*" or >30° 5 70175
Electrical Conductivity | mmhosfcm >4hg 15 0.27 £ 0.06
Iron me/kg <2.4-4.5%ar >1000' 15 Bigs
Lead mg/kg >10-20° 4 0252025
Magnesium mg/kg <100-150* 4 316+ 255
Manganese mg/kg <2" or >60" 6
Molybdenum mg/kg >0.3 9
Nitrate mg/kg N <10 or »130* 4
pH standard units <5"or >8.4" 15
Phosphorus mg/kg <30° 4 r
Potassium mg/kg <10g# 4 151+ 113 ST
Sodium mg/kg - 5 149 + 103 108 327
SAR none >12' 4 0.3120.16 0.08 0.07
Zing mg/kg <0.5-1" or >40" 4 3.95 3.43

*Barth, 1986 (see relerences seclicn).

"Schaler, 1979 (sce references scetion).

“Gila Conglomerat: samples were tiken from bormw pits before Lest plut construction (4/98) and from test plats shorly afier construction (W9H),

“Composite sample Lken at three Jocations across TP 54 belors plut consiruction; surdficial sumples colleeted al the surface; buried samples collecied at about & inches in depth,

“Averupe rsulls of two 8"=deep samples, onc cach from Pluts E and R {collecied on Augusl 18, 1493),

'Cumpnsiu.- sample of vat-leach tilings taken on LP Discard before (est plot construction.

FConsulidated Fertilizers Lud, (Brishane, Austratia) Soil Test Manual. See Bell and Meccham (1978) in references section,

"Cax ard Kamprath, }972 (sce refercnees section).

‘Rithanls, 1954 (see references seetion),

‘Irun is analyzed because of antagonism with uther nuwients, High Fe may mitigate high levels of other metals, ron delicicncy could alse occur.

*Sodlium adsorplion ratio = Sodium concenimiion/{Calcium + Magnesium corcentration)/2f* where concentrativns are expressed in mew/LL., Values given are worsi-case scenarios since
ammnnium acelale is a more poweriu) extacwnt tan typicatly-uscd water.

‘A from Brady and Weil, 1996 (see references section).

i potentially phywitoxic Jevel based on the mean result

Erimale val

Table 7 gration of iron salts or weathering of disturbed iron min-
Selected Winter 1999 Salt Migration Results erals in the excavated Gila Conglomerate. Manganese con-
Iron | Manganese [Malyhdenum] — EC pH centrations at the base of the cover in Plots Q and R have
Tttt | me/kg - Tl (el increased over baseline values (Tables 6 and 7). Judging
B/3" - - 03¢ 827 from baseline results (Table 6), the manganese source may
Dgﬁ. ) 0029 g'ig gé; be the acidic mill tailings beneath the Gila Conglomerate
4 . 0.034 0.27 8.15 cover and neutral mill tailings subgrade. Increases in mo-
f[;:g: ) : gf” :g lybdenum concentrations have also occurred at the base
20° - . 029 830 of the Gila Conglomerate covers overlying the neutral mill
14" - - 0.23 8.38 tailings subgrade in Plots E, F, QQ, and R. Because the neu-
K/6" - . 0.35 8.06 SO . X .
Mi16" . . 027 8.40 tral mill tailings were the enly material having appreciable
o/l .| 0018 028 8.49 baseline concentrations of molybdenum (Table 6), con-
Q4 gid  oos7 0.30 7.93 L .
R | 196 0.069 028 g5 centration increases in the covers are probably due to up-
sno - - - 0.38 7.29 ward salt migration from this subgrade,
- =not analyzed
EC = Etectrical Cunductivity .
Shaded values are not frun the populution having the same mean a3 the haseling resulls {Table 6), Sllmmal Y ﬂnd Conclusions

as hased on 95% canlidence 1-esting,

The pilot-scale vegetation test plots were de-
signed and constructed at CMMC to evaluate the techni-
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cal feasibility and cost-effectiveness of establishing and
sustaining native vegetation on acidic tailings. Prelimi-
nary results suggest that thicker direct coverage and cap-
illary barrier test plots are initially supporting vegetation
to a greater extent than other test plots, perhaps because
of their enhanced ability to store moisture. Preliminary
soil testing results suggest that salts may be beginning to
migrate upward from underlying subgrades into the Gila
Conglomerate covers. Fnture soil sampling and analysis
at various depths within selected test plots will be used to
monitor the advancement of underlying salts into the veg-
etated covers.
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