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‘Table 1—Chemical analysis of
. AMD concentratlon ppm

‘ Mine 32
Synthetic AMD  "Supply shaft AMD
(Iomp@aem - (pH = 2.8-3.1) (pH -=2.8-2.9)

Fe v = 300 60-120-
Fef 300 200-320
A1O, 200 170-330
Ca0 ) 250 230-270
MgO o 50 10-120
Mn T 7-9
$0; . — 40-70

SO, 2,100 1.900-2.200

To determing whether these results could be duplt-
cated on a natural mine-water discharge, o pilot plant,
shown in Fig, 2. was operated for about 20 days at the
supply shaft at Mine 32 Scaled-down equipment based
on this flow sheet was used for all bench-scale testing.
With operating conditions comparable to those used in
laboratory tests, the rate of density increase was much
slower than the rales experienced wusing synthetic
AMD, and the maximum settled solids concentration
obtained was 15% . Changes in equipment ang oper-
ating parameters had no apparent effect on eitRer the
rate of increase in density or the final concentration of
the settled sludge. On-site. bench-scale tests, conducted
mmumn\!} with the - piidt-plant tests, confirmed the
pilot-plant results and showed that the problems could
not be attributed to scale-up considerations. The in-
crease in solids concentrations as a functimn of oper--
ating time during these tests is shown in Fig. 3

;&\fzhw%h these mnitial tests of the HDS prmus could
not provide a basis for complete desfgn solutions at this
stage of the program, the results did reveal the siudge
densification pfm;hci ties of the process and in particu-
lar, provided the following findings:

e A conventional lime neutralization system could
be modified to an HDS process by the rather simple
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SOUIDS RECYCLE BATIC, b solids ’megiﬁd b solids precipitored

or cations other than iron had any aippfcuah!c effects
g c«:}memratmn of seuled ﬁol;ds tha: mu!d on sludge density, !

by HDS treatment. The effect of thigratio _ ‘ -

he concentration of settled siudges is summarized  Ratio of solids recirculated

lie following table: to solids precipitated

, Maximum The ratio of solids recirculated within the system to
“Ferrous iron, concentration the solids precipitated from the AMD by the neutral-
Avg, % of of settled ization reaction, which is a discretionary upﬁﬂtmg con-
total iron solids, % trol and affects thickener sizes because of total solids

loadings, was determined to be of primary importance

in controlling sludge density. The effect of this ratio on

90 40 z - . p , o .
%95 50 the solids concentration of settled sludges. for a syn-
o thetlc AMD and for AMD from Min® 31 and from

Mines 32 and 33 is shown in Fig. 4, The curves for
synthetic AMD and Mine 31 AMD were drawn from
averaged bench-scale test data at recirculation ratios
from 20:1 to BO:1 and from the extrapolation of data
“at ratios below 20:1. The curve for Mines 32 and 33
AMD was grawn. from’ demonstration plam operating
dam The three curves show that the solids concentra-
tion increased rapidly as the regirculation ratio was
increased to 20:1, the rate of increase in concentration
' eased in the ratio "nge of ab@ut 20:1 to 30:1, and
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_ pilot unit ovér an extended period gave these benefits:
e

® Provided operating experience and solutions to
roblems associated with seasonal changes..

® Substantialed laboratory test data .that had de-
fined the effects of variables on the process.

e Resulted in modifications to the original plam de-
sign that simplified fuli -scale plant layout and nduc@,d
captiai costs,

e Resulted in a d:smve;y that reduced thy
alkalinity for treating Mines 32 and 33 AMD

® Proved the feasibil xty of disposing of thrd\cned

sludges in an abandoned area of the mine.

With reference to alkalinity costs, it was dctermmed
during carly tests at the demonstration plant that the -
alkalinity requirements were substanually higher than
was predicted from neutrafization curves. This appar-
ent anomaly was solved by Mines” personnel when it
was determined that €O, in the mine water was re-
sponsible for the excessive lime demand and that the
€O, could be readily stripped by aerating the AMD.
Acration of the mine water prior to introducing it into
the neutralization reactor was incorporated as standard
plant practice and resulted in reduci ing the hime “de-
mand by 25%.

Two of the bases used: for ch@osmg the site for the
demonstration plant were that company-owned land
was adjacent to the AMD boreholes and that dis-
charging sludges directly underground from the plant to
abandoned workings near the mine-water pool could be
tested as a possible method for final disposal of thick-
ened sludge. This sludge disposal method was found to
be satisfactory during the entire period of pladt oper-.
ation. Therd was no evidence that sludge was either’
solubilized by centact with the acid water or short-
circuited to the AMD pumps, and examination of the
sludge underground showed further dewatering to 55%
solids. Although it is expected that underground dis-
posal will prove satisfactory for the foreseeable future,
tests were conducted that showed that the sludge could
be dewatered by either a filter or centrifuge to produce
a cake suitable for handling and transport by truck.
Extensive and cooperative research conducted by
Bethlehem Mines, Corporation and Bethlehem  Steel
{Zz}mamn to develop practical processes for treating

mine drainage (AMD) has covgred the range from

‘Q§ts_ for

ge. A modification of a conventional lime-neutral-
' }to as a h:gh*densnty sludge.
: dweiopeﬂ in the laboratory
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