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SOLID-LIQUID SEPARATIONS IN PROCESSING DOMESTIC LATERITES

By Gary L, Hundley "and R, Ee Siemens 2

ABSTRACT

The Bureau of Mines has devised and demonstrated a process for recov-—
ering Ni and Co from low-grade domestic laterites. The process consists
of four major steps: (1) reduction roast, (2) ammoniacal leach, (3)
solvent extraction, and (4) electrowinning. Several solid-liquid sep-
aration steps are required that affect the economics of the overall pro-
cess. In this study, two techniques for solid-liquid separation, cen-
trifugation and thickening, were investigated. This report presents the
results of (1) laboratory and pilot plant studies to determine parame-
ters for sizing centrifuges and thickeners and (2) an economic study of
the two techniques, based on the requirements of a commercial-size
(5,000-tpd) laterite processing plant.

Sizing and other equipment-related recommendations, based on data from
the Bureau's studies, were obtained from commercial manufacturers. The
costs of thickening and centrifugation, including all the unit opera-
tions affected, were determined by the Bureau's process evaluation
group. The total operating costs for separation using the two tech-
niques (including depreciation on the capital cost of equipment) were
found to be quite close: §17.26 per ton of laterite for centrifugation
and $18.15 per ton of laterite for thickening. For centrifugal separa-
tion, the greatest cost was found to be the initial capital cost for the
separation equipment; using thickeners, the greatest cost was for re-
agent recovery.

Tchemical engineer.
2Metallurgist and group supervisor.
Albany Research Center, Bureau of Mines, Albany, OR.



INTRODUCTION

devised and
recovering Ni
laterite

The Bureau of Mines has
demonstrated a process for
and Co metals from low-grade
deposits located in southern Oregon and
northern California (5-7).3 The Ni and
Co grades of these deposits, typically
0.7 to 1.2 pct Ni and 0.06 to 0.25 pct
Co, are too low to allow economic treat-—
ment using present commercial processes.
However, these laterites represent a po-
tential resource that could be exploited
in an emergency.

A simplified flowsheet of the Bureau's
reduction roast, ammonia leach process
for treating laterites is shown in fig-
ure 1. Because the process is hydromet-
allurgical, it contains several solid-
liquid separation steps that may greatly
affect the economics of the process.
These separations are difficult to per-
form because of the small particle size
of the laterite. (Approximately 75 pct
of the solids is less than 400 mesh). In
the initial (or primary) solid-liquid
separation, the pregnant leach solution
must be separated from the leached solids
to provide a crystal-clear, solids-free
solution for the solvent extraction step.
Other solid-liquid separation steps are
necessary in a countercurrent washing
circuit in which the leached solids are
washed with water to remove residual
salts before the residue is returned to
the mine site.
established solid-

used 1in other
such as those

Thickening 1is an
liquid separation method
ammonia leach processes
used in operations at Nicaro, Cuba, and
Greenvale, Australia. A viable techni-
cal alternative is to wuse centrifuges
for solid-liquid separation. These two
methods-—thickening and centrifugal sep-
aration--are compared in this report.
Early in the research it was determined
that filtration would not be practical
for the primary solid-liquid separation
because of the very slow filtration rates

parentheses re-
of references

3Underlined numbers in
fer to items in the list
preceding the appendixes.,

obtained and because of the large amount
of free ammonia in the leach solution.
The economic evaluation included as
part of this report considers all unit
operations in the process that are af-
fected by the solid-liquid separation
steps. Among these operations are clari-
fication filtration of the pregnant leach
solution after the primary solid-liquid
separation step, washing of the filter
cakes obtained in the clarification step,
and clarification of the final wash water
from the countercurrent washing circuit.
The reagents in the wash solutions have
to be recycled to the leaching step.
This 1is accomplished by steam stripping
the free ammonia from the streams fol-
lowed by evaporation to concentrate the
reagents., The steam—stripped free am-—
monia must then be absorbed back into the
concentrated recycle solution.

Laterite ore
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“—Pyrite

CO—h

Recycle leach
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Residue to backfil
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FIGURE 1, - Bureau of Mines reduction roast, am=
monia leach process,



A further consideration 1is that the
final residue must be sufficiently dry to
be deposited directly back into the mine
site. Dewatering in a tailings pond is
not considered to be practical because of
excessive rainfall in the southern
Oregon—northern California area. Studies
have shown that the discharge from a cen-
trifuge is firm enough to be deposited
back into the mined area, but further de-
watering 1is necesary before a thickener
underflow product can be redeposited.
The plant site probably would be located
adjacent to the mine site, so it would be
possible to haul residue back to the
mined area with the same trucks that
brought the laterite to the plant.

laterite per hour, at the Bureau's Albany
(OR) Research Center, and in a 5-tpd
pilot plant operated under a Government
contract with UOP Inc., at its Tucson,
AZ, facility (9). Three types of later-
ites were tested: A limonitic type from
Rough and Ready Creek in southern Oregon,
a saprolitic type from Gasquet Mountain
in northern California, and a transition-—
al type from Eight Dollar Mountain in
southern Oregon.

The studies on centrifuge applications
were conducted using leach slurry ob-
tained from the PRU. The thickener re-
sults were obtained from settling rate
data using leach slurry from the Tucson

pilot plant. Preliminary settling rate
The Bureau's roast-leach process was data were obtained wusing 1leach slurry
operated in a continuous process research from the PRU.
unit (PRU) with a capacity of 25 1b of
ACKNOWLEDGMENTS
The cooperation of James K. McGilli- gratefully acknowledged for evaluating

cuddy, applications engineer, and Jon C.
Robbins, district manager, Bird Machine
Co., Inc., San Ramon, CA, and Raja G.
Ramji, resident manager, Western Region,
Dorr-0Oliver Inc., Emeryville, CA, is

obtained by
estimates of
requirements

the PRU and pilot plant data
the authors and providing
commercial-size equipment
and costs.,

CENTRIFUGAL SEPARATION

EXPERIMENTAL PROCEDURES

The centrifuge used to obtain scale-
up data was a 6-in-diam horizontal-bowl
continuous centrifuge manufactured by the
Bird Machine Co., Inc.4 This centrifuge
(figs. 2-3) operates in a countercurrent
manner with continuous discharges of de-
watered solids from one end of the ma-
chine and clarified 1liquid (centrate)
from the other end. A scroll conveyor,
rotating at a slightly slower speed than
the bowl, conveys the solids to one end
of the machine, up the tapered end of the
bowl, and out of the machine. The cen-
trate discharges from the other end

4Reference to specific equipment, trade
names, or manufacturers is made for iden-
tification only and does not imply en-
dorsement by the Bureau of Mines.,

The pool depth of
varied by
radial posi-

through four orifices.
liquid in the ©bowl can be
changing the diameters and
tions of these orifices. The variables
of interest are bowl speed, slurry feed
rate, pool depth, and scroll-to-bowl
speed differential (4).

Main drive
weove

Differential-speed
gearbox

Rotating Cover
/ bow!

i
\ Rotating scroll l
conveyor

Conveyor drive Solids

Centrate

FIGURE 2. - Diagram of continuous centrifuge.



FIGURE 3. - Six-inch continuous centrifuge in operation.

The feed slurry to the centrifuge was
prepared in batch runs in the PRU and
stored in 55-gal drums, each fitted with
a mixer to repulp the solids. Most of
the centrifuge tests were conducted using
the transitional-type laterite; a few
were conducted with the saprolitic-type
laterite. The results obtained were sim-
ilar for both laterite types. To insure
an adequate supply of slurry, each batch
of slurry was reused by combining the
centrate from the centrifuge with the
dewatered cake and repulping the solids.
Each batch of slurry was repulped only
once. Particle size analyses of the
solids showed that there was no degrada-
tion of particles when the solids were
reused one time. Repulped solids pro-
duced the same results in the centrifuge
as fresh solids.

The general operating procedure used to
obtain data was to adjust the bowl and
speeds to the desired values, start the
feed to the centrifuge, and allow the ma-

chine to reach steady-state conditions
(which required approximately 5 min).
The feed slurry to the centrifuge was

pumped with a peristaltic tubing pump.
The feed rate of slurry to the centrifuge
and the centrate flow rate out were then
measured for 5 to 20 min, depending on
the slurry feed rate; and samples were
taken of the slurry feed, centrate, and
cake. The solids content of each of
these samples and the densities of the
liquid samples were determined. The
solids content of the slurry was deter-
mined by filtering and washing the solids
from a weighed portion of the slurry and
drying the solids overnight in a drying



oven, The solids recovery in the cake
was calculated as the difference in mass
flow between the solids content of the

feed slurry and the solids content in the
centrate divided by the solids content of
the feed slurry. The mass flow rate of
the cake was not determined directly.

Particle size analycis of the solids in
the feed slurry, the centrate, and the
cake, was performed by a wet screening of
the solids larger than 400 mesh and sedi-
mentation analysis of the fraction small-
er than 400 mesh. A SediGraph particle

size analyzer (Micromeritics Instrument
Corp.) was wused to measure the particle
size distribution of the sub-400-mesh
material. For this study, the analyzer

was used to measure particle sizes in the
range from 0.145 to 40 um.

Bowl speeds of 3,000, 4,000, and 5,000
rpm, corresponding to centrifugal forces

of 767¢g, 1,363g, and 2,130g, were used
with pool depths of 0.19, 0.42, 0.53,
and 0.59 in. The slurry feed rates

used ranged from 0.5 to 2.5 gal/min. All
testing was conducted with the slurry at
room temperature. The solids content of
the slurry was a nominal 10.0 wt pct.

RESULTS AND DISCUSSION

Results of tests with the batch samples
of leach slurry indicated that bowl speed
and slurry feed rate were the most im-
portant variables. When the feed rate
exceeded 1 gal/min, the solids content of
the centrate exceeded 2 pct and the sol-
ids recovery fell below 80 pct (table 1).
As the feed rate was increased beyond 1

gal/min, the solids content of the cake
increased slightly, while increases in
the solids content of the centrate were

proportionally much greater. Increasing

centrate clarity
of the

the pool depth improved
slightly, and the solids content
cake remained high. The solids content
of the cake ranged from 50 to 63 pct,
with the majority of the samples having
values between 53 and 58 pct. Table 2
shows similar data for separations during
the wash stages. The data from tables 1
and 2 were used as the bases for a scale-
up to determine the requirements for a
commercial-size plant; these requirements

are presented and discussed later in the
report.
During the PRU operations, two round-

of 80 h duration each
were conducted in which the centrifuge
first separated freshly leached solids
from the pregnant leach solution and then
separated the solids from the wash water
in the washing circuit. By storing re-
pulped slurry in surge tanks in the wash
circuit, one centrifuge served three
functions: the primary solid-liquid sep-
aration and the solid-liquid separation
in each of two wash stages. The resultg
of these separations are shown in table
3. The cake had a higher solids content
than was attained in the batch tests, and
the solids content of the centrate was
slightly lower. This was probably due to
a slightly larger particle size distri-
bution in the feed slurry for the contin-
uous tests. Cake from the primary sepa-
ration averaged 62 wt pct solids for four
samples, while 20 samples of the final
residue after a two-stage countercurrent
wash averaged 72 wt pct solids. However,
as shown in table 3, the solids content
of the feed was higher for the wash-stage

the-clock tests

separations. Figure 4 shows a cake dis-—
charge high 1in solids content; such a
discharge can be handled and placed

back into the mine site without further

dewatering.



(10.0 wt pct solids in feed slurry)

TABLE 1. - Primary solid-liquid separations in 6-in-diam centrifuge

Solids content

Bowl Feed rate, | Scroll-to-bowl | Solids recovery | Solids content
speed, gal/min differential, in cake, wt pct of centrate, of cake, pct
rpm rpm pct
0.19-in POOL DEPTH
5,000... 0.5 20 89.3 1.3 54.8
.5 30 88.7 1.4 53.3
.6 40 89.7 1.3 53.5
1.9 20 73.9 5.0 56.7
2.1 30 69.6 5.1 57.9
2.0 40 66.9 4,2 54.3
4,000... o7 20 88.7 1.8 54.8
.6 30 84.4 241 56.0
2.1 20 65.4 4.9 60.6
1.9 30 ND 53 55.0
0.42=in "‘POOL DEPTH
5,000... 0.5 10 89.5 1.0 55«7
.6 20 90.6 1.2 56.2
2.0 10 ND 2.7 57.1
2o L 20 73.3 2e5 60.2
4,000... «6 10 89.8 1.3 57 57
«b 20 89.8 1.3 57.3
2.0 10 67.9 3.6 60.6
2.0 20 67.3 3.8 61.9
33,0004 ) 10 771 2.8 55.7
.5 20 81.5 2.4 5241
1.0 10 53.5 4.7 51:9
1.1 20 59.6 4,7 54.2
1.0 25 58.8 4,4 50.8
1.9 10 53.8 5.4 56.8
1.8 20 56.6 5.8 58.2
2.2 25 ND 6.0 5549
2.6 10 50.2 5.2 63.3
26D 20 56.4 5.4 56.4
2.7 20 54,1 5.2 61.6
0.53~in POOL DEPTH
55000. .. 0.6 10 88.7 1.2 56.2
.6 20 89.7 1.1 55.3
1.1 10 81.0 2,1 57.6
1.1 20 78.3 2 5 57 .4
1.6 10 12.5 4,3 61.6
1.5 20 76.7 2.9 59.8
4,000... oA 10 90.5 1.1 53.9
.6 20 90.0 1.3 54.1
.9 10 78.9 2.6 55 vl
10 20 66.0 3.6 53.3
Ia2 10 68.6 3.4 56.9
1.2 20 65.9 4,2 58.6
1.8 20 69.7 3.6 59.0
0.59-in POOL DEPTH
5,000.. 0.6 7 90.8 1.5 57wl
1.0 10 7542 2.9 56.4

ND Not determined.



TABLE 2. - Wash stage solid-liquid separations in 6—~in-diam centrifuge

(Conditions: wash solids pulp density: 30 pct; bowl speed: 5,000 rpm)
Wash Feed rate,| Scroll-to-bowl | Solids recovery | Solids content | Solids c¢ontent
stage gal/min differential, in cake, wt pct of centrate, of cake, pct
rpm pct
0.42-in POOL DEPTH

First... 0.5 99.4 0.4 61.7

1.0 20 91.6 4,7 63.6

2.0 82.5 9.7 66.8

Second.. .5 } 100.0 .03 65.4

.8 20 {- 96.2 1.9 66.8

1.5 92.9 3.4 66.9

0.53-in POOL DEPTH

First... 0.5 20 97.4 1.4 63.3

1.1 20 84.6 7.3 64.5

1.0 30 82.9 7.9 62.4

) % 20 79.4 9.6 65.0

Second. . A 10 100.0 o2 62.9

oL 20 96.5 2.0 65.4

1.0 20 88.1 6.2 65.7

1.5 20 719.5 9.0l 65.8

TABLE 3. - Solid-liquid separations in 6-in-diam centrifuge, continuous PRU tests

(Conditions: bowl speed: 5,000 rpm; scroll-to-bowl differential: 20 rpm;
pool depth: 0.53 in)
Feed rate, Solids content Solids content
gal/min of centrate, pct| of cake, pct
Primary separations!....ceeeees. comniess 1.2 2.0 61.0
1.2 «9 67.2
1.2 o7 59.1
1.3 2.8 61.0
Wash separations:?
lst wash stagesscescevsscssins R .9 1.7 68.2
1.3 242 70.0
1.3 4 66.0
1.9 A 68.0
2d. wash stag@essnsssnnnsnnsnsunesssns 1.2 1.2 70.0
1.5 =9 71.1
1.4 ) 68.7
1.5 ND 69.8
Final residue, 20-sample average....... NAp NAp 71245

NAp Not applicable.
114 wt pct solids in feed slurry.
218 wt pct solids in each feed.

ND Not detected.



FIGURE 4. - Solids discharge from centrifuge.



PARTICLE SIZE ANALYSIS

To be certain that the centrifuge feed
material had a constant size distribu-
tion, each batch of leach slurry was sam-
pled and its particle size distribution
determined. Some centrate samples and
some final solids samples were also ana-
lyzed for particle size. A  typical
screen analysis and particle size distri-
bution for a feed slurry are shown in ta-
ble 4 and figure 5, respectively. Ap-
proximately 75 pct of the solids were
less than 400 mesh (38 pym diam) in size.
Of the solids in this minus 400-mesh
fraction, 50 pct were less than 1.4 um in
diameter. These values were typical of
all the feed slurries tested. The cen-
trate from the primary solid-liquid sepa-
ration step showed a much narrower size
distribution (fig. 6). All of the cen-
trate was less than 400 mesh, with 80 pct
of the solids in the range of 0.65 to 1.6
pm and 50 pct of the material 1less than
l.1 ym in diameter. The solids in the
centrate must be removed in a clarifica-
tion step prior to solution purification
and solvent extraction.

TABLE 4. — Screen analysis of typical
feed slurry!l

Mesh size wt pct
PINIE 650w ememisinnsnmonimssesnss 10.2
65 by 100ccsssesvsnosvavesesa 3.0
100 by 150csiasiesssssmsscnsas 3.6
130 by 2005csessassspasnnenes 2.6
200 BY 270w suswmsnensamensoss 3 sl
270 by 400ccenns noesnsmssssee 3.0
Minus 200:vsesnncsssusisnnvii 74.5

o
o

Total..'l.ll.l...l"ll" ].0
lFrom transitional type laterite.

Samples of the final cake and final
wash water from the wash circuit were
also analyzed. The solids in the wash
water showed essentially the same size

distribution as the solids in the cen-
trate from the primary separation. The
average particle size of the solids in
the final washed cake was slightly larger
than the average solids particle size in
the primary separation because a portion
of the fines was removed in the centrate.
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FIGURE 5. - Sizedistribution of minus 400-mesh

fraction of typical slurry feed.

CUMULATIVE SIZE FINER, wt pct
EN
O
T

BT o P —— .
i _
: 80 -
m,- - -
2 6o -
w X _
N 40 -
7 ! 4
S 20} .
E - o
| oL 1 lev s br ) Lovay L
g 50 I0 5 I 05 0.2
3 EQUIVALENT SPHERICAL DIAMETER, um

FIGURE 6. - Size distribution of centrate sol-
ids from typical primary solid-liquid separation.

Approximately the same amount of material
was larger than 400 mesh, but of the
minus 400-mesh material, 50 pct was less
than 2.0 pm in diameter in the cake ver-
sus 50 pct less than 1.4 ym for the pri-
mary separation.

COMMERCIAL APPLICATION

Centrifuge equipment sizes and costs
for a commercial-size plant were provided
by the Bird Machine Co. (l). These rec-
ommendations were for a 5,000-tpd later-
ite processing plant and were based on a
scale-up of the PRU data. A 5,000-tpd
plant was assumed based on a previous
technical and economic evaluation of the
Bureau's roast-leach process (8). A de-
tailed flowsheet and material balance for
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the primary solid-liquid separation step,
solids washing circuit, and reagent re-
covery section of the process are shown

The flowsheet shows

steps required

the basic overall
in this portion of
process. (Possible alternate routing of
was not

in figure 7 and table 5, respectively. some of the wash water streams
) 2 4
Leached slurry ﬁiyﬁgrxd | Pregnant  [cqrification| Clarified pregnant |
1 il 2250;Jﬂg; leach solution filter leach solution -
F— 5|
Leached solids Solids Wat
6{ ater
»| Wash —>|-Woshed solids
7
&8 —
V
Y /4 Water
i ‘
Wash water Wash . Solids
- A »| Filter —| Wash Washed solids
circuit |
.9I 12 15
/13— — /6
//41 Wash
solution Y
Washed residue
/9
NHz
4
Y
y v V o
Condenser |
2z 24
L | NH3 NH3
stripper absorber
25
B Steam ’ Steam .
y  condensate
17 i
Evaporator T
: Stripped y
_‘_Ig___Coohng Steam _ | wash solution
pond | tower >
o
2/
3 | Concentrated wash solution
_—
23 . .
3 | Recycle to leach circuit y

-

FIGURE 7. - Process flowsheet for centrifugal separations: Primary solid-liquid separation,

solids washing, and reagent recovery sections.
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TABLE 5. - Material balance for centrifuge circuit

Solids,|Liquid, | Sol-|Sp gr |(NH,),SO,,|NH,OH,

Stream number and name 1b/min |gal/min| ids, of g/L g/L
pct |liquid

l. Leached Slurryeeceocecscsocsccsceses 5,750 | 3,599 14 1.15 300 100
2. Pregnant leach solutioneceecececccss 862 | 3,325 2.6( 1.15 300 100
3. Leached s0lidS.ecssescascscacsccns 4,888 274 65 1215 300 100
4. Clarified pregnant leach solution 0 3,265 0 115 300 100
5. Clarification filter so0lidS..se.. 862 60 | 60 1415 300 100
6., Wash water..scecscossosonscassnss 0 120 0 140 0 0
7. Washed 50lidSesssscccascsacssacan 862 60 | 60 1.05 100 33
8. Wash solutioNesessccoscccscccsses 0 120 0 1.05 100 33
9. Primary wash watere.eeeoassscosss 0 563 0 1.0 0 0
10. Wash solutioNecssecececsccccancns 53 589 1 1.05 137 45

11. Washed residu€..ceecscscccsscccans 4,835 248 70 1.0 5.3 1.8
12, Wash solution s0lidSeeeececssssss 53 4 60 1.05 137 45
13. Primary wash solution...ceeceesss 0 585 0 1.05 137 45
14, Wash wateresssvssisonaasanoiosssss 0 4 0 1.0 0 0
15. Washed s0lidS.ssescccosccsssscans 53 4 60 1.03 68 23
16. Wash solutionesessscessscesssocss 0 4 0 1.03 68 23
17. NH; stripper sSteamesecsecseesscsces 0 1355 0 NAp 0 0
18. Stripped wash solutioneescecececss 0 722 0 1405 130 0

19. NHz-wWater VapOTleesesssecssscsancs 0 30 0 NAp 0 ND
20. Evaporator Steamessesesessssacscs 011,813 0 NAp 0 0
21. Concentrated wash solutioNeesesss 0 294 0 1.15 314 0
22. Evaporated Water.seeesesesssonsss 0 428 0 1.0 0 0
23, Recycle to leacheiceecsocescscscncas 0 324 0 Ladd 285 95
24, Combined wash solutioneseeecesssss 0 709 0 1.05 130 43
25. Steam condensateecscscscccccccsss 0 |'1,813 0 1.0 0 0

NAp Not applicable. ND Not determined.

"Pounds per minute.

optimized for the economic evaluation.)

The material balance was based on the
following conditions:

1. The primary solid-liquid separa-
tion step has a leached solids feed
rate of 5,750 1b/min and a leach liquor
feed rate of 3,599 gal/min (solution

sp gr = 1.15) for a l4-wt-pct solids con-
tent in the slurry feed.

2. Environmental considerations re-
quire that the wash circuit remove 98 wt
pct of the soluble salts from the later-
ite residue so that the maximum total
nitrogen content in the residue 1is 0.1
wt pct.

The wash water from the laterite wash-
ing must be evaporated in the reagent re-

covery section of the process and the
concentrated solution recycled back to
the leaching step. This requires that

the amount of wash water and number of
wash stages be optimized to provide the
required amount of washing while minimiz-
ing the costs associated with this sec-
tion of the process. Table 6 shows the
theoretical efficiencies of 2, 3, 4, and
5 wash stages with various wash pulp den-
sities and centrifuge cake (feed) densi-
ties. As the wash pulp density is in-
creased (more solids, less wash water)
the number of stages required to attain
the same washing efficiency increases.
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TABLE 6. — Theoretical countercurrent washing efficiency

(Soluble salts left in discard solids, percent)

Solids in wash Solids in wash stage underflow
stage feed 70 ] 65 | 60 [ 55 | 50
2 WASH STAGES
B30 0uenemnassnens 4.0 5 10.3 15.9 24.3
250 easmvsnsneni 2.3 8 6.0 9.3 14.3
20isenssannssnina 1.3 1 3.2 5.0 17
150asenenarnssnna .6 0 1.5 2.4 3.6
3 WASH STAGES
30seccccnsnuceses 0.9 1.9 3.9 79 15.4
255 vssmasimbinnsne .39 .8 1.7 3.4 6.7
200 000000 sieinnnans «15 .32 .64 1.3 2.5
IDscosnnnnmimusnsan .05 .10 21 .40 o717
4 WASH STAGES
I0ssicsanessrsans | 0520 0.57 1.6 4.1 10.4
250 0005 0800008 TETF .06 .18 .48 1.25 3.2
206w ossnsnwn navnos .02 +05 .13 33 .83
IDsnmassannssanns .004 .01 .03 .07 .17
5 WASH STAGES
30cavonovnnoasens | 004 0.17 0.62 2 .2 le2
255 wim e wwennsme o .01 .04 .14 .46 1.6
20 ssasavensmiess .002 .008 .03 .08 27
LBssssnnsisismens .0003 .001 .004 011 .036

This means that if the wash water is min-
imized, the number of stages will be
large, and more centrifuges will be re-
quired. However, if the number of stages
is minimized, the amount of wash water to
be evaporated will be greater.

Based on the material balance, the
batch test data, and the continuous PRU
test data, Bird Machine Co. (hereafter
referred to as the vendor) proposed the
use of twelve 44— by 132-in continuous
solid-bowl centrifuges handling 300 gal/
min each to perform the primary separa-
tion step. Results were projected, based
on the Bureau's data and the vendor's ex-
perience with larger centrifuges, as fol-
lows: cake solids, 65 wt pct; solids re-
covery in the cake, 85 wt pct; and solids
in the centrate, 2.5 wt pct. Although
the data for the primary separation were
obtained with a feed slurry of 10 wt pct
solids, and the commercial-size plant was
based on a feed slurry of 14 wt pct sol-
ids, representatives for the vendor were
confident that they could adequately
scale the experimental data to the full-
size plant. Further work could be done

to preconcentrate the -solids before the
slurry is fed to the primary separation
step; this might yield better centrifuge
results. The wash circuit, handling ap-
proximately 1,200 gal/min, would be oper-
ated at 35 to 40 wt pct solids with four
countercurrent wash stages. Each stage
would incorporate four 44— by 132-in
solid-bowl centrifuges, with each centri-
fuge handling 300 gal/min. The vendor
projected that the solids content of the
cake would be 70 wt pct and that a solids
recovery of 99 pct would be achieved.
The wash-circuit data were obtained at a
feed solids content of 30 wt pct, whereas

the commercial scale plant was sized for
35 to 40 wt pct solids; but again vendor
personnel were confident that they could
predict the commercial results based on
the data.

The same washing efficiency could be
attained with only two stages by op-
erating at 20 wt pct solids, but the
total number of centrifuges required
would be the same because of the in-

creased slurry flow. In addition, the
evaporator-stripper section would have to



be greatly increased to handle the larger
amount of wash water. For these reasons,
using fewer wash stages would not be
beneficial.

solution from the
be filtered
advanced to

The pregnant leach
primary separation step must
before the solution can be
the solvent extraction step. A filtra-
tion rate of 0.5 gal/ft2+min, which was
based on limited data, was used to deter-
mine filter sizes for the economic evalu-
ation. It was determined that twenty-
two 1,644-ft? pressure leaf filters would
be required. Further evaluation of fil-
tration requirements are necessary be-
fore a final sizing of filters can bpe
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solids are given a dou-
the resulting

determined-. The
ble displacement wash, and
filter cake containing 60 pct solids is
discarded at the mine site. The water
from this wash is combined with the final
wash water from the four-stage counter-
current wash circuit and pumped to the
reagent recovery section.

The final wash water from the counter-
current wash circuit is also filtered and
the resulting solids cake washed with
fresh water. The solids are discarded
with the other solids, and the wash water
is combined with the other wash water
streams.

SEPARATION USING THICKENERS

EXPERIMENTAL PROCEDURES

For the thickener studles, settling
rate tests were performed on leach slur-
ries obtained both from the PRU and from

the UOP 5-tpd pilot plant in Tucson, AZ.
Preliminary tests designed to compare
flocculants, combinations of flocculants,
and different flocculant dosages were
performed in 500-mL graduated cylinders;
data wused to determine thickener sizes
for commercial-size applications were ob-
tained in tests with 1-L graduated cylin-
ders. The tests were conducted by pour-
ing the leach slurry into the graduated
cylinder and inverting the cylinder sev-
eral times to insure that the solids were
well mixed in the slurry, then adding a
measured amount of flocculant, and in-
verting the cylinder six times to mix the
flocculant with the slurry. All tests
were conducted at room temperature (ap-
proximately 21° C). The position of the
interface between the solids and the 1lig-
uid was recorded as a function of time as
the slurry settled. The slurry was al-

lowed to stand for 24 h, and the final
settled height was recorded; the super-
natant liquor was then decanted off, and

dried, and
settled pulp

the solids were washed,
weighed to determine the

density of the solids and the overall
solids content of the slurry. All tests
were conducted without using a final di-

lution rake to simulate a thickener rake.

Settling rate tests were also conduct-
ed on washed solids using the leach mate-
rial from the pilot plant operations.
Samples of the slurry were initially

flocculated and allowed to settle for 24
h; the supernatant liquor was then de-
canted off and replaced with water, and
the solids were repulped with a labora-
tory propeller-type mixer. An additional
dosage of flocculant was then added and
the settling rate determined. This pro-

cedure was repeated for a total of five
washing steps. A countercurrent wash was
not performed on these slurries.

PRU RESULTS AND DISCUSSION

PRU testing showed that the reducing
conditions used in the reduction step of
the roast-leach process critically af-
fects the settling rates of laterite
leach slurries but that this variable is
not important to centrifuge results.
Consequently, preliminary settling tests
were performed on PRU slurry samples to
determine the effect of reducing condi-
tions and pulp density on the settling
characteristics of laterite slurries.
Slurry samples were produced under dif-
ferent reducing conditions and the set-
tling rates were then determined using
two different flocculants, American
Cyanamic Co.'s Superfloc 1224, an anionic
flocculant, and Superfloc 1128, a non-
ionic flocculant, One or the other of



14

these flocculants was previously found to
work well with PRU slurries.

At a constant laterite feed rate of
11 1b/h in the reduction roaster, carbon
monoxide reductant flow rates of 5.0,
7.5, 12.0, and 18.0 L/min were used to
produce slurries with different degrees
of reduction. It was found that the
stronger the reducing conditions were,
the more poorly the slurry responded to
flocculants. The results using Superfloc
1128 (fig. 8) show that the settling rate
decreased as the carbon monoxide flow
rate was increased. On aging, the more
highly reduced material became easier to
settle, as shown in figure 9. The more
highly reduced slurries also changed
with respect to the type of flocculant
required to promote settling; sometimes
a nonionic flocculant worked and some-
times an anionic flocculant was required.
Unfortunately, the less severe reducing
conditions resulted in lower Ni and Co
extractions, as shown from the PRU re-
sults in table 7. The effect of reduc-
ing conditions was not quite as severe
at the pilot plant. However, settling
problems did occur in the pilot plant
operation if the 1laterite was overre-
duced. Once the proper reducing condi-
tions were experimentally established,
they could be maintained during subse-
quent operations to obtain consistent
settling characteristics.

TABLE 7. - Effect of reduction-step
carbon monoxide flow rate on Ni
and Co extractions!

(Laterite feed rate: 11 1b/h)

CO rate, L/min Extraction, wt pct

Ni Co
180k s sssnsnmsnsss 84.2 80
18:i0sssusssinansip 81.6 80
() Y erTeraT et ety aratatats 82.9 80
1200 s 0ainssssniones 83.6 80
ToDuswawonnwnmans 63+2 60
P60 e arei 68 616 @ s o8 79.0 70
) e RS T e N eNaTa e 79.0 70
500w s siwsoscenssoe 67.8 60

lFrom saprolitic-type laterite.
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FIGURE 8, - Effectof carbon monoxide flow rate on
settling rates, (Conditions: Saprolitic-type laterites

Flocculant: Superfloc 1128 at 0,53 |b/ton of solidse.
Initial solids content: 10 wt pcts)
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FIGURE 9, = Effect of aging on settling ratess
(Conditions: Saprolitic-type laterite; PRU reduced
and leacheds Reduction temperature: 650° C, Car-
bon monoxide rate: 18 L/mine Flocculant: Super-
floc 1224 at 0,53 Ib/ton of solidss Initial solids con-
tent: 10,0 wt pcts)

The differences in settling character-
istics are believed to be attributable
to the nature of the iron oxides 1in the
leached solids. During the reduction
step, some of the iron in the laterite is
reduced; it is then reoxidized during the
leaching step. This reoxidation can re-
sult in the formation of iron-oxygen com-
pounds that are different than those
present in the original laterite. These

iron-oxygen compounds can differ from

[ —
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leach slurry to leach slurry, depending
on the reducing conditions wused in the
reduction step.

The effect of changing the pulp density
of the leach slurry was investigated by
leaching laterite samples at pulp densi-
ties of 10, 15, 20, and 25 wt pct solids.
As shown in figure 10, slurries with the
three lower pulp densities settled moder-
ately well, but the sample at 25 wt pct
solids settled very poorly. The data in
figure 10 demonstrate that the pulp den-
sity in the primary separation step and
in the wash circuit must be kept in the
15-wt-pct range or settling will occur
extremely slowly and require a very large
thickener area. The effect of changing
the pulp density was the same in the
pilot plant operations.

PILOT PLANT RESULTS AND DISCUSSION

Settling rate tests in which different
flocculants were used with samples of
pilot plant 1leach slurry from both
limonitic- and transitional-type later-—
ites were conducted to determine the most
effective flocculants for each type of
laterite. For both types of laterite, a
combination of flocculants was found to
produce the best results. The most ef-
fective combination for the limonitic-
type laterite was made up of equal parts
of Guartec 401, a guar gum manufactured
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FIGURE 10, - Effect of pulp density on settling
ratess (Conditions: Saprolitic-type laterite; labora-
tory reduced and leacheds Flocculants: 50 pct Poly-
hall 295 and 50 pct Guartec; total flocculant at 0,25

Ib/ton of solidss)
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by General Mills, Inc., and Polyhall 295,
a polyacrylamide polymer manufactured by
Celanese Polymer Specialties Co. For the
transitional-type laterite, the best com-
bination was 80 pct Guartec 401 and 20
pcet Superfloc 1128, a nonionic polyacryl-
amide emulsion. However, the clarity of
the supernatant liquor was poor. A num-
ber of combinations of flocculants, in-
cluding both cationic and anionic types,
were tried but failed to improve the
liquor clarity. The best clarity re-
sulted from the combinations using the
Guartec 401. The settling rate curves
obtained for each laterite are shown in
figures 11 and 12. The wash stage set-
tling curve for the limonitic-type lat-
erite 1s also shown in figure 12. The
settling rates for the limonitic-type
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FIGURE 11, - Settlingrates for transitional-type lat=
erites (Conditions: UOP pilotplant leach slurrys Floc-
culant: 80 pct Guartec and 20 pct Superfloc 1128,)
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FIGURE 12, - Settlingrates for limonitic=type later=
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tial flocculant dosage: 0.07 Ib/ton of solids; wash
stage dosage: 0,04 |b/ton.)
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than those
laterite and
The thicken-—

laterite were much slower
for the transitional-type
are somewhat inconsistent.

er unit area requirements that corre-
spond to these curves are shown in ta-
ble 8. (These requirements were provided

by Dorr-Oliver Inc.. a manufacturer of

thickener units.)

TABLE 8. - Thickener unit area require-
ments! based on UOP pilot plant leach

slurries
Flocculant| Unit
Sample amount , area,
1b/ton of |ft?/tpd
solids
TRANSITIONAL-TYPE LATERITE
Initial leach slurry. 0 48.5
.06 3.56
.11 3.42
L 3.36
.25 2.86
LIMONITIC-TYPE LATERITE
Initial leach slurry. 0.07 8.92
lst water wash.eeeesos .04 6.31
2d water wash.ceeeoos .04 3.16
lprovided by Dorr-Oliver Inc.
COMMERCIAL APPLICATION
Based on the settling rates shown in

figures 11 and 12, Dorr-Oliver recommend-
ed the folowing equipment for a 5,000-tpd
plant: for the transitional-type later-
ite, a single 130-ft-diam covered thick-
ener for the primary separation step and
a single thickener for each of the wash
stages; for the Ilimonitic-type laterite,
three 130-ft-diam thickeners for the pri-
mary separation step, two thickeners for
the first wash stage, and single thicken-
ers for the remainder of the wash stages

(2). Due to the high ammonia content of
the solutions, the thickeners must be
covered to prevent ammonia loss to the

atmosphere, Because it becomes increas-
ingly difficult to cover thickeners as
the diameters increases, Dorr-Oliver rec-—
ommended limiting thickener diameters to
130 ft and wusing multiple thickeners
where the settling area requirements call
for larger diameters (as in the primary
separation step and first wash stage

limonitic-type laterite, for
For both 1laterite types, the
would consist

for the
example).
countercurent wash circuit
of five stages operating at 25 wt pct
solids with an wunderflow of 50 wt pct
solids to achieve the required washing
efficiency of 98 pct. To avoid settling
problems, a portion of the thickener
overflow would be recycled back to the
incoming slurry to maintain 15 to 20 wt
pct solids within each thickener.

Based on pilot plant experience, thick-

ener underflows would contain approxi-
mately 50 wt pet solids at best. Addi-
tional dewatering of the final washed

solids would be necessary before the sol-
ids could be deposited back into the mine
site. Possible dewatering alternatives
would be tailings pond, belt filters, or
centrifuges. A tailings pond would prob-

ably not be feasible since the annual
rainfall in the laterite areas is on the
order of 100 in/yr. Significant drying
would occur only during the summer
months. Filtration on a belt filter
would be quite slow, so the use of cen-

trifuges for this additional dewatering
was considered in the cost evaluation.
The cost evaluation for thickeners was
based on the limonitic~type laterite
since it 1is the worst case and a com-—
mercial plant would have to be capable
of handling all types of laterite. (in
the centrifugation studies, the different
laterites all gave essentially the same
results.) The flowsheet and material
balance used in the thickener cost eval-
uation are shown in figure 13 and ta-
ble 9, respectively. The material bal-
ance assumes a maximum solids content of
500 ppm in the thickener overflows, so
the only filters required on overflow
streams would be polishing filters, and
no solids washing would be performed on
these filters. The pregnant leach solu-
tion from the primary thickener overflow
is clarified in three 1,025-ft2 pressure
leaf filters, and the spent wash solution
from the 5-stage countercurrent decanta-—
tion circuit is clarified in a 1,311-ft?
filter. Further pilot plant testing
would be required to determine the solids
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FIGURE 13. - Process flowsheet for thickener separations: Primary solid-liquid separation,
solids washing, and reagent recovery sections.

content and filtration requirements of
the thickener overflow streams. The
material balance also assumes that
the underflow from the final washing

thickener 1is dewatered in four
132-in centrifuges to attain

solids for disposal at the mine site.

44—
70 wt pct
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TABLE 9. — Material balance for thickener circuit
Solids, |Liquid, Sol-|Sp gr |(NH,),SO,,|NH,O0H,
Stream number and name 1b/min |gal/min | ids,| of g/L g/L
pct |liquid
l. Leached SlUrTrY.sseceascossssscaas| 5,750 3,599 14| 1.15 300 100
2. Pregnant leach solutioN.eeesceass 2 ] 3,000 1500| 1.15 300 100
3« Leached sollds..sssassnsonusssans| 95748 599 50| 1.15 300 100
4. Clarified pregnant leach solution 0 3,000 0| 1.15 300 100
5. Discard s0lidSeeeessoececcassonas 2 o2 50| 1.15 300 100
65 Wash water: cescsessssssisosscussn 0 1,377 0| 1.0 0 0
7. Wash solutionNsssssssinssssosssasi 2 1,287 0| 1.05 138 46
8. Discard 801idSecesanscessnmnsasse 2 ) 50| 1.05 138 46
9. Primary wash solutioN.eeseecessesce 0 1,287 0| 1.05 138 46
10. Washed residu€eecesesccssscsscesne| 5,746 689 50| 1.0 b4e2 1.4
11. Residue to min€eseeeceecescescnse| 5,746 295 70| 1.0 4.2 1.4
12. Wash solution from centrifuge.... 0 394 0] 1.0 4.2 1.4
13. Combined wash solutioNecececccces 0 1,681 0| 1.05 107 36
14, NH; stripper Streamecceeccccscsss 0 2834 0| NAp 0 0
15. NHz—Water VapOTesecssssssescsccsss 0 60 0 NAp 0 ND
16. Stripped wash solutiON.csseccceass 0 1,721 0| 1.04 107 0
17. Evaporated watersiseseesseseesccss 0 1,182 0| 1.0 0 0
18. Evaporator St€amessccscscssacssss 0 | 25,017 0] 1.0 0 0
19. Concentrated wash solutioneeees.e. 0 539 0] 1.15 297 0
20. Recycle to leachisecececscacscass 0 -599 0| 1.15 297 99
21. Steam condensate...sssscsasscsses 0 |25,017 0| 1.0 0 0
NAp Not applicable. ND Not determined.

'Parts per million.
2pounds per minute.

REAGENT RECOVERY (3)5

The reagent recovery sections for both
the centrifugation and thickening options
are similar, differing primarily in ca-
pacity. The first step in reagent recov-
ery is stripping free ammonia from the
solution. Combined spent wash solutions
are preheated and fed to packed towers.
Steam is injected at the bottom of these
towers at the rate of 0.5 1lb/gal of wash
solution. (This stripping steam require-
ment 1is based on reported values for

SThis section, the next section ("Eco-
nomic Evaluation"), and the appendixes to
this report were taken from work by
Daniel L. Edelstein, geologist, Avondale
Research Center, Bureau of Mines, Avon-

dale, MD (now physical scientist, Divi-
sion of Nonferrous Metals, Bureau of
Mines, Washington, DC).

producing a concentrated ammonia vapor.)
The tower bottom fraction, the stripped
wash solution, is pumped to a three-stage
multi-effect evaporator where it is con-
centrated by water evaporation to approx-—
imately 300 g/L ammonium sulfate. Vapor
from evaporation is used to preheat feed
to the stripping towers. Ammonia-water
vapor from the stripping towers is reab-
sorbed in the cooled, concentrated ammo-
nium sulfate solution in a packed absorp-
tion tower. The resulting solution is
recycled to leaching. Excess
por from evaporation not used
the stripping tower feed is
combined with condensate from
rator and stripping tower heat
and pumped to a cooling tower.
condensate can be recycled to
circuits.,

water va-
to preheat
condensed,
the evapo-
exchanger,
Cooled
process



ECONOMIC EVALUATION (é)

CAPITAL COSTS

The capital cost estimates in this re-
port are of the general type <called a
"study estimate” by Weaver and Bauman
(10). This type of estimate, prepared
from a flowsheet and a minimum of equip-
ment data can be expected to be within
30 pet of the actual cost for the plant
described.

The estimated fixed capital cost on a
first—quarter—1982 basis (Marshall and
Swift equipment cost index of 739.0)
are shown in table 10. The fixed capi-
tal costs for the centrifugation and
thickening options, for both the solid-
liquid separation section and the reagent
recovery section, are $65,230,000 and
$60,316,200, respectively.

Equipment costs used d4n this evalua-
tion were based on informal manufac-—
turers' cost quotations and on available
capacity—-cost data. Costs were updated
by use of inflation indexes. Detailed
equipment costs and operating cost data
are shown in appendix A for the centrifu-
gation option and in appendix B for the
thickening option. In developing plant
costs, corrosion-resistant construction
materials such as stainless steel for
centrifuges, rubber linings for thicken-
erg, and fiberglass for tanks were used
as appropriate.

Factors for piping, instrumentation,
etc., except for the foundation and
electrical factors, were  assigned to
each section using as a basis the effect

TABLE 10, - Estimated capital cost

fluids, solids, or a combination

ids and
costs.

(See tables
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of flu—

scolids would have on process

A-4, A-5,

B-4, and

B-5.) The foundation factor was individ-

ually estimated for each piece

of equip-

ment, and a factor for the entire section
was derived from the
cost, The electrical factor was based on

motor horsepower
A factor of

sections.

as miscellaneocus, was

tion to

total

requirements for
10 pect, referred to

estimated

each

added to each sec—
cover minor equipment and con-
struction costs that are not shown with

the equipment listed.

The field indirect cost,
field supervision,
construction, equipment rental,

inspection,

which covers
temporary
and pay-—

roll overhead was estimated at 10 pct of

the direct cost of each section.
administration,
were each estimated at 5 pct of
struction cost.

neering,

Engi-—

and overhead

the con~
A contingency allowance

of 10 pet and a contractor's fee of 5 pet
were included in the section costs.

The costs of plant facilities and plant
and B-1) were

utilities (in
estimated as
the total process

ly, of

and include the same
costs——engineering, administration, over-
head, contingency, and contractor's fee——
section costs.

48 were

fences.

steam distribution systems

included in
Included under plant facilities
costs of laboratories, shops,

The <costs of water, power, and

under plant utilities.

tables A-1
10 and 12 pct, respective-

the

section costs
field dindirect

were the
roads, and

were included

s:! Centrifugation versus thickening

Solid-liquid separation and | Reagent recovery section
reagent recovery sections
Centrifugation | Thickening | Centrifugation| Thickening
Fixed capital...... $65,230,000 $60,316,200 | $12,016,100 §28,792,200
Working capital.... 5,604,000 5,898,400 1,616,300 4,227,700
Totalesessnaes 70,834,000 66,214,600 13,632,400 33,019,900

l¥irst~quarter~1982 basis (Marshall and Swift equipment cost index of 739.0).
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Working capital is defined as the funds
in addition to fixed capital, land in-
vestment, and startup costs that must be
provided to operate the plant. Working
capital was estimated from the following
items: (1) raw material and supplies in-
ventory (cost of raw material and operat-
ing supplies for 30 days), (2) product
and in-process inventory (total operating
cost for 30 days, (3) accounts receivable
(total operating cost for 30 days), and
(4) available cash (direct expenses for
30 days). Startup and land investment
costs were not included in this estimate.

OPERATING COSTS

Estimated operating costs were based on
an average of 350 days of operation per

TABLE 1l. - Estimated operating costs! per ton of solids:

versus thickening

year over the 1life of the plant. This
allows 15 days downtime per year for in-
spection, maintenance, and unscheduled
interruptions. The operating costs are
divided into direct, indirect, and fixed

costs. These costs are summarized in ta-
ble 11 for both the centrifugation and
thickening options. (Annual operating

costs are given in tables A-2 and B-2.)

Direct operating costs include raw ma-
terials, utilities, direct 1labor, plant
maintenance, payroll overhead, and oper-
ating supplies. The raw material costs
were estimated as delivered to the plant
site. Electricity, water, fuel oil, and
coal are purchased utilities. The tem-—
perature of the water from the cooling
tower was assumed to be 33° C.

Centrifugation

Solid-liquid separation and Reagent recovery section
reagent recovery section
Centrifugation | Thickening Centrifugation | Thickening
Direct cost:
Raw materials: -
Leach reagentSeeescassss $1.39 $0.13 $0.00 $0.00
Floceculantscewsooseas sine .00 .40 .00 .00
Steamplant chemicals.... +01 .03 .01 .03
U1 )I 168, canceoasossensoes 4,10 8.02 2.49 7.68
Direct 1aboT.eise ssvosnnioss .90 .56 .38 .51
Plant maintenance.s.eesees 2.67 2,02 .43 .99
Payroll overheadesesescsss <95 .68 223 41
Operating supplieS..escees .53 .40 .09 .20
Tota8lew vnpsssmnnmmnnmes 10,35 12.24 3.63 9.82
Indirect COSteeseesscsoncnnss 1.43 1.03 .32 .60
Fixed COStZiiievesacesanaans 5.28 4.88 .99 2. 35
Total operating cost... 17.26 18.15 4.94 12,77
Return on investment after
LEREEd sassan vunvsssnsnsn 10.11 9.50 NAp NAp
Total operating cost
including return on
investment.ceesnassnsse 27.37 27.65 NAp NAp

NAp Not applicable.
lFirst-quarter-1982 basis.

2Includes taxes, insurance, and depreciation.

3At 15-pct interest rate.



The direct labor cost was estimated
on the basis of assigning 4.2 employees
to each position that operates 24 h/d,

7 d/wk. The cost of labor supervision
was estimated as 15 pct of the 1labor
costs.

Plant maintenance was separately esti-
mated for each piece of equipment and for
the buildings, electrical system, piping,
plant utility distribution systems, and
plant facilities.

Payroll overhead, estimated as 35 pct
of direct labor and maintenance labor,
includes vacations, sick leave, social
security, and fringe benefits. The cost
of operating supplies was estimated as 20
pct of the cost of plant maintenance.

costs were  estimated as
the direct labor and mainte-
nance costs., The indirect costs include
the expenses of control 1laboratories,
accounting, plant protection and safety,
plant administration, marketing, and
company overhead. Research and overall
company administrative costs outside the
plant were not included.

Indirect
40 pct of

Fixed costs include the cost of taxes
(excluding income taxes), insurance, and
depreciation. The annual cost of both
taxes and insurance were each estimated
as 1 pct of the plant construction costs.
Depreciation was based on a straight-
line, 10-yr period.

DISCUSSION

The costs of the two methods of solid-
iiquid separation are very close and can
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be consideied to be the same because of
the estimating techniques used for some
of the equipment sizes and costs. How-~
ever, the dindividual items that make up
the total costs vary significantly.

In the centrifugation option, the
capital costs for the centrifuges and
the pressure leaf filters used to clar-
ify the centrate represent the great-
est costs. Makeup leach reagent costs
(losses associated with the clarifica-
tion filter solids) and labor and mainte-
nance costs are greater than those for
thickening.

In the case of thickening, the reagent
recovery section represents approximately
70 pct of the total operating cost. The
high cost of this section offsets much of
the capital cost advantage of wusing
thickeners. The volume of combined wash
solution for the thickening option is
approximately 2-1/2 times that of the
centrifugation option and results in much
higher capital costs for the evaporator
and associated equipment. The wutility
costs associated with steam stripping the
ammonia from the wash solution and steam
for evaporation are almost three times
greater than those for the centrifugation
option. The difficulty in consistently
flocculating the solids (depending on the
reducing conditions, as discussed in the
"PRU Results and Discussion” section)
could adversely affect the operation of a
thickener circuit. This should be con-
sidered in technical evaluations of pos-
sible separation techniques, even though
the economics of the two techniques are
similar.

SUMMARY AND CONCLUSIONS

Laboratory studies were conducted to
obtain data which were used to determine
commercial-scale centrifuge and thickener
requirements for performing the solid-
liquid separation steps in the Bureau's
reduction roast, ammonia leach process
for treating laterites. Commercial cen-
trifuge and thickener manufacturers used
the Bureau's data to make sizing and
equipment recommendations for a plant

processing 5,000 tpd of laterite. Based
on these recommendations, the costs of
both thickening and centrifugation, in-
cluding all the unit operations affected,
were determined by the Bureau's process
evaluation group. The overall costs of
the two methods were found to be quite
close with neither method offering a sig-
nificant cost advantage. The total oper-
ating cost, including depreciation on the
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capital cost of equipment, was determined

thickening option, the reagent recovery

to be $17.26 per ton of solids for cen- section involving wash—-water evaporation
trifugation and $18.15 per ton of solids represented the greatest cost, Further
for thickening. In the case of centrifu- work on filtration rates and alternate
gation, the initial capital cost for the process stream routing is necessary be-
centrifuges and for the pressure leaf fore evaluation of the two methods can be
filters to clarify the centrate repre- considered final.
sented the greatest cost, while for the
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APPENDIX A.--COST DATA: CENTRIFUGATION OPTION (3)

NOTE.--All data in tables A-1 through A-5 are based on 1982 costs; equipment costs
are based on a Marshall and Swift equipment cost index of 739.0.

TABLE A-1. - Estimated capital cost, centrifugation option

Fixed capital costs:
Solid-14quid separation.sesssssssesosssosnssmansnswsosnnarssssnoasnsene | 9375188,300
REAGENE. TOCOVETY s o sm v eiw s ama os s as s o e eee e o s n e e e e e s e s enessnssesnes 5,973,600
Steamplantss.: issasee:s v ebi e oo isaRa bR saEes R OTEEEEaR e TR P e 3,038,600

SUBEO AL 0 12 0 0 9130 10 12 01595 9.9 s 10 015 01 91 7 0 0,19 1910 o0 01 o) e 30 o {807 01 m o 1 o ol o o U 20 s s 030 46,200,500

Plant facilities (10 pct of above sSubtotal).seseesessseassssscsasascas 4,620,100
Plant utilities (12 pct of above SuUbtotal).cesecoeesscsccssensscccaces 5,544,100
Subtotal.'l.l.lla...l....'....'..l...’.l....l.ll..l...I..l...".l.... 56’364,700

Land cost.'l.-....IIII.ll.lI....l.lll..-l.ll....'...lll..l.'.l'll".'. O
Subtotdlsssnis sissnp e ne i gais e sisaessdsntssaiisisiTsnis b pesieuasd nsss 56,364,700
Interest during construction period.esececscscscscsssssascccasccncccnsss 8,865,300
Total.‘.Ol....ll.ll..."ll..lll.l....ll..l....‘l.ll...ll..'llll.lllll 65’230’000

Working capital costs:

Raw material and supplieS..isecscscicsccscsssssssossosesnovssunsossiosss 231,100
Product and in—-process Inventoryeescceccccesccscscsscseanccscsnssssssas 2,057,300
ACCOUNES TeCelVaDlecessosasssnosensssnesaimensanseesessssensnsssssssssss 2,057,300
AVEITAD1E CABN «isiniao asmaim s e s e eease 5o s e e s @ sin o 880 0 @66 6o 8 ¥ 00 10 e ) 8 o) o w0 16 /600 1,258,300

5,604,000

TOtal...........-..........-.......-..........................-......

Total capitall COBE e e o emwsione v e s s s oo e e s m e e s s s s s o e w e eee e s e e s 70,834,000
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TABLE A-2, - Estimated operating cost, centrifugation option

Annual cost | Cost per ton
of solids
Direct costs:
Raw materials:
(NH,4),50, at $60/ton...... o1 % @ (e B 8 L N e (0 e e e $957,600 $0.66
Aqueous NHs at $200/tONeecscecsssssssssssscssssscssass 1,064,000 s73
Chemicals for steamplant water treatment....cesosccose 15,200 -01
i 1fos - 1 | P OO I C D OO O ST o 2,036,800 1.40
Utilities:
Electric power at $0.055/KW*heceececccccscccscsssances 2,642,600 1.82
Process water at $0.25 per thousand gal...seeceescecsss 71,300 .05
Caal 2t SA1 B0 E0.c ww wicermmam s 50 s www wim ww w o w0 Lo n o w e 3,231,900 2.23
TOEDL 6 10 0 001000 76 i (oo 1 010 8 0, 8 @m0 0o w6 16 561 o s o) im0 0 5,945,800 4.10
Direct labor:
Labor at $8.50/Neeeecccecccccocscsccscossssccacsoncsss 1,131,500 .78
Supervision (15 pct Of 1abOT)eeeeevcoscesccooosssssnns 169,700 2
Totalssissmevsnnse ) 9 e e T e 1,301,200 .90
Plant maintenance:
Laborsess snvssnsmusanssapimessnonssssssssssssmensnsesss 1,875,500 1.29
Supervision (40 pct of maintenance labor)....... 5% s % 750,200 .52
Materidlssessssnesssassannsesossnssnsensssssionseesssss 1,250,300 .86
TOEA] « 01 w10 o wiins 01 65 0 9 15 6 50 o it o0 w0 6 00 1 10 i) 1 63 00 0 2 1 7 e 3,876,000 2.67
Payroll overhead (35 pct of above 1abor cOSt)eecesecescss 1,374,400 .95
Operating supplies (20 pct of plant maintenance)...e.ee.. 775,200 «53
Total direct COStiseeecessassen ceisnsunnnemsisnnns | 155309,400 10.55
Indirect cost (40 pct of direct labor and maintenance).... 2,070,900 1.43
Fixed costs:
Taxes (1.0 pct of total plant COSt)eeeeeeccecscsssncssss 563,600 .39
Insurance (1.0 pct of total plant COSt)eeeeceessccsascnns 563,600 .39
Depreciation (over 10-yr life)eseeececscesses wnin e ieinieteln 6,523,000 4.50
Total operating coSt.ss... snsssssemsensasenenesny | 29,030,500 17.26
TABLE A-3. - Major items of equipment, centrifugation option
Section and item Quantity Unit size
Solid-liquid separation:
CentrifugeS.ceieescsccacacnns iws 28 44 by 130 in
Clarification filters..... ceee 22 1,644 ft2
Reagent recovery:
Heat exchangerSe.ecscscscssscsss 2 1,504 ft2
NHy Stripperseesececeececseces 2 7.4 ft diam by 40.0 ft
Evaporatolssssmssoeessessnes & 1 13,563 ft2 (each stage)
Heat exchanger..eceecesccsscsas 1 702 ft?
Packed tOWer..ssesescocesscans 1 3.0 ft diam by 15.0 ft
Co0ling tOWETY.eseeoeossssoncns 1 4,247 gal/min




TABLE A-4., - Equipment and related costs summary for solid-liquid separaticn

section, centrifugation option

Item Cost

Equipment Labor

Total

$12,687,500
99,000
1,763,900
21,900
10,500
12,200
273,100
801,800
112,200

$201,800
31,700
83,600
10,300
4,100
5,200
37,800
38,000
26,700

CentrifugeSeececcessscccssssscssconssssss cos
Centrate recelvVerS.secossosassninsiovesnsinseessssans
Clarification FilterSciecnessssssonssssssosvessnsn
Discharge chuteS.eceesccossoscssssescssscscncsces
Filtrate recelveTSeusssimessseososisossssessioassesss
Wash-water receiverSeecsescccsecccssosssossssoscsan
Reslurry tankSeeescesessssescsse
Pressure—leaf filterSecessecsesecssconsescsnssscenses

Pumps-oooutitcocooooo.000llolol.tuoll.o.-to-..ooo

$12,889,300
130,700
1,847,500
32,200
14,600
17,400
310,900
839,800
138,900

15,782,100 | 439,200

Total.ll'l....DIIOI!..I'.Il..."...'.Q.Ol.'..l

16,221,300

Total equipment cost x factor indicated for—-

Foundations,; % 0¢053cesvovevscsssmsascstsnsssnsssmovsesssssssonsssssanns
Buildings, x 0e054ccceccsscsccccasccccnssssssosnsssssssssncssssssssnnce
Structures, x 0e¢070cccsecccssscsssscccsssssssosssssssessssessscsssscss
Instrumentation, x 0.050...
FElectrical; % 0:022¢cecconvessssssse
Piping, % 0:3006 c.esssessinsosesinnesssss e sssassesssssssoseesssssen
Painting, x 0e0lOcscccccssssccescccoccsosonsessssscscsssassscsosssssssnans
Migcellaneous8, % 0e¢l00ceevcocsosssusssscencssssosnsssnessssssesasessess
Totale e«

© 9090000200000 000000000000COEGOIOIGEESOERE

90 00 0000000000000 NO00000000000000000000000000000PNIOO0CRSISESDOEL

Iotal direct COSt-.............-.-.......--..-o-oo.o-c-----.....-...-

Field indirect cost (10.0 pct of total direct COSt)esssssccessssssscssscs
Total construction coSteees

® 0 09 90 000 0OENE DO OB RS 000 00000 RRISOERRNOEONDS

Engineering (5.0 pct of total conStruction COSt)eesesssscsccsssscssccnsss
Administration and overhead (5.0 pct of total construction COSt)esesecsss
Subtotal...

© 009 250050000000 0000000 0000000000080 P0000B0CO0DENSSSENODN NS

Contingency (10.0 pct of above Subtotal)esesssscssonrvscssessssssssssasss
Subtotal..l.....l...ll

S e o0 0000 0ePOeOEEL O e

Contractor's fee (5.0 pct of above subtotal)eesecess

TOtal Section Cost..oooaoolnnoooon..--ln--lco.looloocnac-

829,100
852,900
1,104,700
789,100
341,900
4,734,600
157,800
1,578,200

10,388,300

26,609,600

2,661,000

29,270,600

1,463,500
1,463,500

32,197,600

3,219,800

35,417,400

1,770,900

37,188,300
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TABLE A-5. - Equipment and related costs summary for reagent recovery section,

centrifugation option

Item Cost
Equipment | Labor Total
Heat exchangerS.esscesccesss Aanonr s Calarsie e oe Eiokala e b 56 $102,800 | $3,300 $106,100
NH; strippersSecscececessscsces o100 1010 [0 (05 B 0L (6 18 el o 6 e 670 o) @7 @ 183,000 3,000 186,000
Storage tank..eseooss o 7 w1 e A W66 6% 11 8L 9 6 8 W e 13,200 4,700 17,900
B A DOTAL O G 5155 /5 6 619566 b 90 91 809,76 10 75 18080 818 918 7878 18 50§05 8108 0 ot w191 8 1,873,800 8,600 | 1,882,400
Packed tOWEr.seeesoeeconsssasacasnsa e JeTe et ol ele a olle el st sRolalioRetely 27,800 300 28,100
PUMPS & ¢ s 50 605080 s R o047 06 T e (RN ) el W ), ) 018 e 10,100 3,800 13,900
Surge tankissessosssces e 01 B W6 060 TR G 0 ) 85,400 | 17,200 102,600
L0 A | et e P RN ate otatekalals e el slata alalaliskealalalatalala e alatale eessses | 2,296,100 | 40,900 | 2,337,000
Cooling LOWETresoesvososssoscescosssccssosnnae esserssaserensssnnenes cecssnas 1263,000
Total equipment cost x factor indicated for—-—
FoundationS, ¥ (.06lccieosnaienienisocoesssnsssnneses VB PR SR PR S 139,300
Structuresy X 0e070csssonnsocsnvsswnsonsssmnessssanssess 8 0 8 e e 160,700
Imsulation, %X 0.032¢evscsnivsossinnmansoesn o 16 W 01 % 0686 e B W e e W e 72,900
Instrumentation, x 0.050..... 55 s G 65 8 e O R i o 7 R el B 7 3 114,800
Electrical, x 0.007¢ecccss w10 o) 0] 0010 0 8 0 nliet @) 8% 8 8 (918 81 61w @ ie 8 (0 miel @] % 4 08 10 10 10 8L 8 08 (000 0V 15,600
Plpings % 0eal000s aie eie i mineions s s esssmse s s ses e sss s s s s oo s s s s e i s e o 918,400
Painting, X 0.0lOcecccacscccocssssnssnnnca s oo 5l % 3 5% @ 16 e seRenE s LT 23,000
Miscellaneous, x 0.100¢ceccs. e e aters O O R O I O O A A I Y O D 229,600
TOLEAL ws 00 wi0 o000 wininiowessnsisessssssass crsensasmnsesnnimsaensveensmanvess | Ly07%;300
TOEEL dITECE COBL e momassiciame esansnsnesssssnsnsssssssswsevsssssnsssnss oo | 4,274,300

Field indirect cost (10.0 pct of total direct COSt)eececccsssscssssssossssne
Total construction cost..

Engineering (5.0 pct of total construction COSt)eesssesocsoccscosscoocnancsse
Administration and overhead (5.0 pct of total construction cost)...
SUDEOLB s e niviTitombnnesnssenssns latelare oTeete

Contingency (10.0 pct of above SUbtOtal)seeessescecscssscsscccsssasssasssans
Subtotalssssissvsvan o ¥ 6% 50 e 6 16 e

®© 0 005 0000000000000 0000000000000 000O0O0O0CO0CG0OC

Contractor's fee (5.0 pct of above subtotal)..

TOtal Section COSt-........ nnnnnnnnnn 0000000000000 00000000000000000000

427,400

4,701,700

235,100
235,100

5,171,900

517,200

5,689,100

284,500

5,973,600

TInstalled cost.



APPENDIX B.--COST DATA: THICKENING OPTION (3)
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NOTE.——All data in tables B-1 through B-5 are based on 1982 costs; equipment costs

are based on a Marshall and Swift equipment cost index of 739.0.

TABLE B-1. - Estimated capital cost, thickening option

Fixed capital costs:
Solid-1liquid separationsseesecscccocos-ssossssssssesssansssnssasassosis
Reagent recCOVeTrYeesseosocscscescscecsoscscsscssssascssacncssoasassossnssssos
Steamplant.seceesesesccsscesscsnscnsnnsscssssssassaasccannsssnrscecsnnssss

subtotal...-...-..-..-.....................-...-......--.....-.......

Plant facilities (10 pct of above subtotal).ceeeececceacsacssscsscsnses
Plant utilities (12 pct of above SUbtotal).eeseesscscscccsssssssscasss

Subtotal-..-...c...e..-.-.....--....-......-...............-.----....

Land COSt...-.....-..-........n...................................-o..

Subtotal....-------------........................-...........-....--.

Interest during construction periodeccscecscescessscssssccscscssssssss

TOtal..-...............-....-........-..........-....-.............--

Working capital costs:
Raw material and supplieS.esscesccoscooscacssssnsnsssassassnnssanansssss
Product and in-process Inventoryescesscsescsscscccscsssscscsoscssscases
Accounts receivablecceccssssecssccsessssscnsssssssccacsasessssssscscsns
Avallable CaBNe e seeevemisisssssconainsosssssiosssessssnossssssssssesssssses

Total.................................................---............

TOtal capital COSt..--.--.-..............-.-.......-.........-.......

$21,740,600
13,351,500
7,628,000

42,720,100

4,272,000
5,126,400

52,118,500

0

52,118,500

8,197,700

60,316,200

114,600
2,162,800
2,162,800
1,458,200

5,898,400

66,214,600
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TABLE B—-2. - Estimated operating cost, thickening option

Annual cost

Cost per ton

of solids
Direct costs:
Raw materials:
Guartec 401 at S1«10/1bssssssmaiovannsoninnossesaassss $214,800 $0.15
Polyhall 295 at 5185/ 1Dasainisis isasssassansissssisesss 361,300 .25
(HH, Y580 At SH0/EOM. sxnrsssnswn snpsnrsawss sy nnsmnes 90,300 .06
Aqueous NHz at 83200/ Lonsssssvnamunnsnsannmmnsnssswsess 98,000 07
Chemicals for steamplant water treatment.c.ceecsceases 43,500 .03
Totaleeeeisnsnee O O LD E I D D s A O e 807,900 .56
Utilities:
Electric power at $0.055/KW*heecesececccccns ceeessseses | 2,189,600 1.51
Process water at $0.25 per thousand gal.i..eseesseceees 176,300 212
Coal at $31.60/tONeecececcscccncansse e p 9,254,000 6.39
Totalesseses cnERmEesTeRseRE BN ssesssnssnssssnwan | L13609,900 8.02
Direct labor:
Labot at 88«50/ Mevewnn sasscenssonsosesnnnsnesss o 0w wie . 707,200 49
Supervision (15 pct of labor)...... R e e e 106,100 .07
Totalissssasswnn SR & 1% i e @ 96 B e B 9 e e 813,300 .56
Plant maintenance:
LaboTessssse 0 160 0 N N 6 ) L 6 6 B e e 1,419,500 .98
Supervision (40 pct of maintenance 1abor)cecescecececses 567,800 .39
MaterialSis e ams e 55 essE e &e s e n e s e el s sa s s e e 946,300 .65
ey e A L e S N A D GO O DT O OO G O GO OO O 2,933,600 2.02
Payroll overhead (35 pct of above 1abor COSt)eseoccscoss 980,200 .68
Operating supplies (20 pct of plant maintenance)...seees 586,700 .40
Total dIrect cOBLsecsnmonsssmssmsnensessmsnssasnss | LEsidl;600 12.24
Indirect cost (40 pct of direct labor and maintenance).... 1,498,800 1.03
Fixed costs:
Taxes (1.0 pct of total plant coSt)eecececesss P 521,200 .36
Insurance (1.0 pct of total plant COSt)eeesesoescecaccns 521,200 .36
Depreciation (over 10-yr life)....... e B 6 6 1 e 8 6,031,600 4.16
Total operating COBLcesccosseovsvnssossnnovsssses 26,314,400 18.15

TABLE B-3. - Major items of equipment, thickening option

Section and item Quantity Unit size
Solid-liquid separation:
Thickenerssssssssssssimanasisean 9 130 ft
Pressure-leaf filter..eeeeeso. ’ 1 1,311 ft?2
Centrifuges..... . 4 44 by 132 in
Reagent recovery:
Heat exchangerS.iicsecssessnasss 3 2,377 ft2
NH; StrippersSescececccessccecess 3 9.3 ft diam by 40.0 ft
EVApOTatorcsasssnsessessss nee 1 3,421 ft? (each stage)
Heat exchanger....eeeeeees B 1 1,363 ft?
Packed tOWer.iseeeoecesens sE 1 4,3 ft diam by 20.0 ft
C001ing LOWEeTIesoseesosasssonsosns 1 14,847 gal/min
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TABLE B-4. - Equipment and related costs summary for solid-liquid separation

section, thickening option

Item Cost

Equipment Labor

Total

$6,730,500
50,800
327,900
9,900
1,812,500

$671,100
20,000
15,600
4,000
28,800

Thickeners.....
SumpS.eesee
Pressure—-leaf filters..eeecess
Filtrate receiverS......
Centrifuges..

S 080000 e000 00000 CE0000EBEBEESOS0SO0OO0OOR DS

LR U B N )
"eeceeoces e

$7,401,600
70,800
343,500
13,900
1,841,300

Centrate receiverS.eceecsscscscsccscns 6 e § e 3,700 3,700 7,400
Wash-water receiverS.csccssccccccsccscssossscsoasnas 6,600 3,100 9,700
PUMDSeecesee e e e T e s ele e TeN et st e ot Yo e s te e are el o e e eTe 129,800 27,800 157,600

TOEaLs o wmieiswannioiwsasssumesses € 16 16 104 6 66 68 6 9,071,700 774,100 9,845,800

Total equipment cost x factor indicated for—-
Foundations, x 0.078¢eceeese cusEEse
Buildings, x 0.10scecccsse
Structures, X 0.070ceccecccces
Instrumentation, X 0.050cccsass el ToToretatetate
Electrical; ¥ 0.01llecesspnmenrseennnsivasennmsonsnsi
Piping, x 0.300..
Painting, % 0.010cssssnssidssnsssonssrsosnns
Miscellaneous, x 0.100.ceeoess

Total...

® © 9 9000000558500 0050500080000 €C00DEEOSIOOCO0OSOsGCEETCSS

ceoo0nveavone © 0 000000000008 080800500000008000000000060000000O0S0

© 00 0008 0000000000 0E0000000 0000000000000 0000000020000000S0SOCEOGS

ee s 0000 0000000000000 s

Total direct COSt.ieesscccssccncnsssssncncccss
Field indirect cost (10.0 pct of total direct COSt)eeseecscsocscscsssonnns
Total construction COSteecesceses

© 0000005 006000000000060060e00000600008039000

Engineering (5.0 pct of total construction cost)....
Administration and overhead (5.0 pct of total construction coSt)eeececess
Subtotal..

se 0 e ces 00000000

© 050 2 0000000000006 00000000000000060600600088060600000es0s0LEEBSLOGIOSO

Contingency (10.0 pct of above subtotal)....
Subtotal....

© ©© 0000 00 805500900 C0 S0P 0TS 00 0000 00CE009SPOBRLEBsRR0CRSNSSEN

Contractor's fee (5.0 pct of above SUbtOtal).eeeeececcesconscssccsscscoanas

Total section COSteeeesccss & 1 e b AL I ey

708,900
90,100
635,000
453,600
103,400
2,721,500
90,700
907,200

5,710,400

15,556,200

1,555,600

17,111,800

855,600
855,600

18,823,000

1,882,300

20,705,300

1,035,300
21,740,600
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TABLE B~5, - Equipment and related costs summary for reagent recovery section,

thickening option

Item Cost

Equipment Labor

Total

$189,500
335,500
41,600
4,221,500
44,400
11,800
227,600 | 47,000

$5,500
5,900
8,800
12,700
400
4,700

Heat exchangerS.:ecssessssccsescsosvscsossossacssssnsosas
NHz SEripperSasscesscecssscercnssssvesnoossososncsosnsse
Storage tanki.ssssseeessssssoesasssssosctsannssssanssscse
EvapOratOreecssscesssscsssconsssscssoncaceasasosansnsns
Packed LOWET.osseoneosnnnsssassnensansoscasscnssnossans
PUMPSesesosoncnsosseonsosnssossscnsssoosnsasssonosannas

Surge Cank..;occoc-.-.-...............................

§195,000
341,400
50,400
4,234,200
44,800
16,500
274,600

5,071,900 85,000

Totaluoooco.oODOOQOOviDonooantqoub.boooccooeoouoooo

COOling tower...........-...--o-.-.--.-.--......-a-..-...-.-...-...-.-oo-

Total equipment cost x factor indicated for——
Foundations, % 0.052.uceaseresssnosnnnsassssossnsnsasnnonnnnancsnssssass
Structures, X 0.070:0ceosssvoonscssscosscsosssoscssossscncssssonsnoscess
Insulation,
Instrumentation,
Flectrical,
Piping, X 0u400..c.acssonsrscaocsssonsosssssncsssstosnsssannssnasnssonss
Painting, X 0.010ceeoesussesncsssnssosasosnsosnsnsssssasasnonocnsnssonsans
Miscellaneous, %X 0.100:ucocceossnsssosavossnsonoosonssososnssnsosasnsensss

b 0-022-.loooono.Oalooaooo-oo‘ooaooo'-.nocbo‘oooolouoooatco
x 000500-ooooco'tno-on-occoqoat-uoooonouaoo'too-olooon

X 0.010.-..........-.-.-......................--.--.-o-o.-.

TOtal-o--....oo----o-o.....-.;-.......-.......c.-.............-.o.ooo.
TDtal direct Costo0..0.-0-..lo.l'on.o.lc.t.o'.llllcuo.oo‘a.olo.o‘.‘c.u

Field indirect cost (10.0 pct of total direct COSL)sesessssscsnssasonsnss
Total construction Cost..’.......’....l.l.."C‘..Q..!."Q........Ql".

Engineering (5.0 pct of total constructlon COSt)eeecssssscosonsssnconasnas
Administration and overhead (5.0 pect of total construction coSt)eesesssse

Subtotal--------....o...-...-..--..........-...................-.oc...

Contingency (10,0 pet of above 8UbLOLAl)isesscssscssscnscosassasssssncsescas

SUbtotal-...--o---............ooso-..--a..o.-o.o..--......-o.....-..-.

Contractor's fee (5-0 pct of above Subtotal)...o........-.............-..

Total section COSCevsesesorsssscensessssncsossssscsoosssnsssnvansssnsse

5,156,900

778,900

262,200
355,000
111,700
253,600
48,500
2,028,800
50,700
507,200

3,617,700

9,553,500

955,400

- 10,508,900

525,400
525,400

11,559,700

1,156,000

12,715,700

635,800

13,351,500

TInstalled cost.

INT=BU.OF MINES,PGH.,P A. 27276



