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SCALE INHIBITORS AND SLOW.RELEASE POLYMERS 
FOR MINE WATER TREATMENT SYSTEMS 

By T. E. Ackman, 1 G. R. Watzlaf, 1 T. J. Fox, 2 

and R. L. P. Kleinmann 3 

ABSTRACT 

Scale inhibitors and ,slow-release polymers were tested by the Bureau 
of Mines at mine drainage treatment facilities. The scale inhibitors 
were investigated to determine their effectiveness in controlling gyp
sum (CaS04) sC8.le; the polymers were investigated to determine their 
effectiveness for increasing settling rates of suspended iron 
hydroxide. 

Two types of scale inhibitors were tested at a site having a severe 
CaS04 scaling problem. Both proved to be effective in controlling 
scale formation; in addition, one caused the dissolution of CaS04 
deposits" 

Slow-release polymers were tested at three mine drainage treatment 
facilities. These gelatinous polymeric flocculants were found to be 
convenient and easy to use, but only effective when pH could be 
controlled. 

'Mining engineer. 
2Mining engineer (now with Indiana Department of Natural Resources, Jasonville, IN). 
3supervisory geologist. 
pittsburgh Research Center, Bureau of Mines, pittsburgh, PA. 
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INTRODUCTION 

Mine drainage, from both surface and 
underground mining operations, must meet 
established State or Federal water qual
ity standards before being discharged 
from a mine property into natural water
ways. Raw mine drainage rarely meets 
these quality criteria and, therefore, it 
is often necessary to treat these waters 
to reduce suspended solids, adjust pH, 
and precipitate high levels of inorganic 
compounds such as iron prior to discharge 
from the mine site. 

The Bureau of Mines has studied the po
tential benefits of using chemical addi
tives to control two specific problems: 
the buildup of CaS04 (gypsum) scale and 
the poor settleability of iron hydrox
ide sludge at certain acid mine water 

treatment plants. Two scale inhibitors 
that distort the crystal lattice of gyp
sum, and a slow-release, sludge-settling 
polymer were tested in the laboratory and 
at mine sites in southwestern Pennsylva
nia. Their selection was based on demon
strated success in other mining indu5try 
applications (i.e., copper beneficiation, 
boiler and cooling tower operation, and 
battery recycling). 

In this report, two separate studies 
are presented. A study concerning the 
inhibition of scaling is presented first, 
followed by a study of flocculation of 
iron hydroxide precipitates with gelati
nous polymers. Background information 
concerning polymers can be found in the 
appendix. 

INHIBITORS TO CONTROL CALCIUM SULFATE SCALE 

When lime is used 
drainage (AMD), the 
slurry often forms 
precipitate (scale) 

to treat acid mine 
calcium in the lime 

a gypsum (CaS04) 
after reacting with 

sulfate in the water. This scale precip
itates on equipment and in ponds, becomes 
a maintenance problem, and may obsti:.'uct 
critical treatment equipmen~ __ (fig. 1). 

FIGURE 1. ~ Gypsum scale on rake. 



Gypsum scaling is a common occurrence 
in most lime or limestone AMD treatment 
plants and depends upon the sulfate con
centration of the treated water; however, 
the degree of buildup is site-specific 
and depends upon the chemical composi
tion of the mine water. Gypsum scale 
will typically build up in sludge thick
eners: on rakes, center wells, discharge 
troughs, weirs, and side walls. Descal
ing of this equipment is generally expen
s i ve and time-consumi ng . Often, exc ava
tion is r equired for access to clogged 
underground pipel i nes that may be so se
verely plugged that replacement is neces
s ary. In treatment plants with severe 
calcium sulfate scaling, the use of pip
ing is not practical owing to the fre
quency of required cleaning; therefore, 
flumes are used instead of piping where 
possible. Pumps often suffer additional 
wear and tear due to the increased head 
losses they must overcome as scaling 
gradually reduces the diameter of inlet 
and outlet lines . In severe cases, AMD 
treatment plants periodically have to be 
shut down to allow maintenance crews to 
remove s c a le. 

Severe scale buildup can be prevented 
by chemical agents that distort growth of 
gypsum and calcium carbonate crystals 
and thus limit seed crystal formation on 
solid surfaces. Two types of inhibitors 
were selected for evaluation in this 
study on the basis of their effectiveness 
in other scale-inhibiting applications. 
Type 1 consists of a chelating agent and 
a polyelectrolyte. The chelating agent 
inhibits crystal growth and the polyelec
trolyte softens and removes existing 
scale. In the type 2 inhibitor, a phos
phonate compound is the active crystal
distorting agent. 

TEST SITE 

The test site in this study was an AMD 
treatment plant located in Greene County, 
PA. The raw water from the mine is typi
cal of acid mine drainage in this area 
with a pH of 4 to 5, and an average sul
fat e concentration of 5,000 ppm (table 
1) • Raw water pumped from the mine is 
held in a large surface holding pond. 
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The water is then pumped at a flow r ate 
of approximately 2,300 gal/min to the 
aeration unit where raw water and lime 
slurry are mixed and aerated to oxidize 
ferrous iron to ferric iron. The aera
tion tank effluent subsequently travels 
down a long (300-ft) flume where part is 
channeled for the makeup of the lime 
slurry and the rest enters the clarifier. 
In the quiescence of the thickener, the 
ferric iron sludge settles to the bottom, 
and the clarified overflow is transported 
by flume to the polishing pond. In the 
polishing pond, any remaining settleable 
iron floes are removed before discharge 
of the effluent to a nea rby stream. Fig
ure 2 is a schematic of the treatment 
system. Historically, a severe gypsum 
problem has occurred during thickener 
operations at this treatment plant. 

TABLE 1. - Quality of raw water from 
treatment plant in Greene County, 
PA 

Temperature ••••••••••••••••..• oC.. 22 
pH (av)........................... 4.3 
Anal ys i s , ppm: 

AI . •. ... • .. . . •. .• •.•••. ••• . •• • . . 31.5 
Ca. . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 1 , 000 
Fe (total)...................... 740 
Mg. • • • • • • • • . • • • • • • • • • • • • • • • . • • • • 704 

S04·················· ············ 5,200 

Flexible tubing 
(3/8- in-diam) 

- -rr
Ii 

__ IL_ 
l! 
II 

t :'gJ Flume contolning 
~ _=.-~ ~ treated mine wa.ter 
L,.".,.,,, .... J."'A.".'~ (approx. 30 by 12 In) 

Polymer pump 
(Y2 gal/min) 

Polyelectrolyte reservoir 
(50 gal) 

FIGURE 2 •• Schematic of polymer pump system. 
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TEST PROCEDURES 

A simple pumping system was used to add 
the scale inhibitors to the treatment 
system. A diaphragm metering pump deliv
ered liquid inhibitor from a storage ves
sel to the aerated effluent (fig. 3). 

Type 1 inhibitor, part chelating agent 
and part polyelectrolyte, was developed 
to prevent fresh scale buildup and to 
promote softening of existing scale in 
boiler water systems. The agent was 
added to the water in accordance with the 
manufacturer's suggested dosage of 0.5 
gal of additive per ton of lime used in 
slurry makeup. At this plant, lime usage 
averaged 20 tons/d, which represented a 
feed rate of 0.5 gal/h. Tests were con
ducted over two 48-h periods. 

Type 2 inhibitor, a phosphonate com
pound, has been successfully used in cop
per beneficiation to inhibit scale forma
tion in high-pH treatments circuits. The 
manufacturer provided enough material for 
a 6-h test at a dosage of 10 ppm at the 
treatment plant site. 

Performance was monitored in two ways. 
Water samples were analyzed for pH, total 
iron, aluminum, magnesium, calcium, and 
sulfate. In addition, samples of the 
gypsum scale were viewed through the mi
croscope to monitor crystal growth at in
tervals of 2, 24, and 48 h. The second 
sampling method consisted of the use of 
materials commonly used in the construc
tion of treatment plants; namely, stain
less steel and polyvinyl chloride (PVC) 
(fig. 4). Sections of 2-in-diam PVC pipe 
and 4-in-sq stainless steel plates were 
weighed and then immersed in the treated 
water to provide a surface for gypsum 
crystallization. After submersion for 24 
or 48 h, these representative materials 
were removed and reweighed, with the in
c r ease in weight taken to 'repr esent the 
rate of scale buildup. Four sampling 
points, (A, B, c, D) and raw water (fig. 
4) were used to monitor the effectiveness 
of the treatment. 

RESULTS 

A scale inhibitor feed rate of 0.50 
gal-fir at · the 'pump----was-mai nt aine-d f o'r t h e 

FIGURE 3. - Common construction materials for testing weight increase. 
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FIGURE 4. - Schematic of Greene County. PA o1 AMD treatment plant with sampling locations. 

duration of the type 1 test. Water sam
ples and material samples (weight in
creases) were taken at 24- and 48-h 
intervals, analyzed, and compared with 
samples collected from the existing sys
tem pr ior to the study. (Figur es 5-6 and 
table 2 show the data for the 24-h inter
val.) Baseline chemical analysis data 
of the existing system showed that sul
fate concentration in the treated water 
typically decreased throughout the system 
as some of the sulfate combined with 
excess calcium to form CaS04 (gypsum) 
scale. This was substantiated by the 
finding that in the absence of a scale 
inhibitor, the weight change for the sam
ples of representative materials showed 
an increase in scale weight throughout 
the system . After addition of the scale 
inhibitor to the treatment system, the 
trend "laS reversed. The weight change 
for the samples of representative materi
als decreased in scale weight through tout 
the system while the chemical analyses of 
the water revealed an increase in sulfate 
concentration in solution. The decrease 
in the formation of scale throughout the 
system indicates that the chelating agent 
effectively inhibits crystal growth. The 
increase in sulfates in solution indi- · 
cated that some of the existing scale was 
being softened and returned to solution. 

Figures 7-8 and table 3 show the 
results of the type 2 inhibitor test. 
The weight increase of the representa
tive material samples showed a reduc
tion in scale buildup of approximately 40 
pct af t e r the polymer was added to the 
system. 

CONCLUSION 

The use of commercially available scale 
inhibitors to control the formation of 
gypsum scale in mine water treatment 
plants is a potentially effective tech
nique for the coal mining industry. This 
investigation indicated that both types, 
chelating agents and phosphonates, suc
cessfully reduced the formation of fresh 
gypsum scale. Further refinement of feed 
rates, based on the site-specific quality 
of the mine water, may result in complete 
scale elimination. Treatment circuits 
employing scale inhibitor additives can 
be fully automated and should not inter
fere with neutralization or aeration of 
mine water. Without the downtime and la
bor requirements normally associated with 
the manual removal of scale, the total 
cost of mine water treatment can be sig
nificantly reduced. 
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TABLE 2. - Analysis of treatment plant water with and without 
type 1 scale inhibitor, parts per million 

________ ---LI_Ra_w--==w-=:ater I A I B 
WITHOUT INHIBITOR 

C D 

Constituents: 
A1 •••••••••••••••••• 31.5 ND NAp ND ND 
Ca •••••••••••••••••• 1,000 1,500 NAp 1,740 1,860 
Fe (total) •••••••••• 740 5.6 NAp .19 . 15 
Mg •••••••••••••••••• 704 761 NAp 638 658 
SO 4 ••••••••••••••••• 5,200 5,000 NAp 5,000 4,200 

pH •••••••••••••••••••• 4.3 8.8 NAp 8.3 8.3 
TYPE 1· FEED RATE = 0.5 gal/h , 

Constituents: 
Al .•.•••.••....••••• 20.4 1.4 1.8 ND ND 
Ca •••••••••••••••••• NA NA NA NA NA 
Fe (total) •••••••••• 625 20.5 3.4 0.1 0.1 
Mg •••••••••••• :. CI •••• 609 662 662 630 630 
SO 4 ••••••••••••••••• 5,000 5,500 10,000 7,500 6,000 

pH •••••••••••••••••••• 4.9 8.5 8.9 8.6 8.4 
NA Not analyzed. NAp Not applicable. ND Not detected. 

12 
Without polymer ~ A 

/0 
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KEY 
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OL---~----~----------~----------~----------
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FIGURE 5. - Weight increase for steel plate, 24gh contact time. 
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1.50 
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FIGURE 8 •• Weight increase for PVC pipe, 6.h contact time. 

TABLE 3. - Ana l ysis of treatment plant water with and 
~ .. ithout type 2 s c a le inh i bitor , -parts per mi llion 

St3.tion I A I B C D 
WITHOUT INHIBITOR 

Constituents : 
AI • • • ••• • ••••••••••• 49.2 ND ND ND 
Fe ( t otal) ..•.••••.• ND 1,080 0 . 75 0.64 
Mg •• • •• •••• •• •• • •• • • 914 745 679 675 
Ca ••••• • • • •••••••••• ND 1,835 2,073 2,147 
SO 4 • • •• •• • • ••• • • ••• • 6 ,800 5,200 5, 800 12,200 

pH •• ••••• • • ••••••• • ••• ND 5.5 6 . 4 6.5 
TYPE 2' FEED RATE = 1.5 gal/h , 

Constituents : 
AI . • •.• •.• •• . .•. .. •• ND 0 , 69 ND ND 
Fe (total) • ...• .. .•• 1,040 1,080 0.57 0.60 
Mg ••••••••••••• ••• •• 745 733 733 737 
Ca • • • •• • • • • • ••• ••••• 1,935 1 ,947 2 , 172 3 146 
SO 4 •• • • • • ••• •• • • • ••• 6,800 7,600 6,800 5,800 

pH ••••• •• • • •• • ••••••• • 8 . 4 7 . 5 6 . 5 6.6 
ND Not detected . 

./ 
/' 

./ 

D 

POLYMERIC GEL TO INCREASE SETTLING RATES OF SOLIDS IN COAL MINE DRAINAGE 

Settlea ble solids, such as those pro
duced by neutralization of AMD , are typ
ically removed from the treatment sys
tem by gravitational settling, Because 
individual mine waters have different 

settling characteristics , they require 
different detention times for adequate 
reduction of sludge solids. It has been 
previously shown that by a dding a poly
meric flocculant, settling rates can be 



increased, t hereby decr easing the re
quired detention time of the system (~ 
3).4 A decrease in the required deten
tion time enables the mine operator to 
utilize smaller or fewer ponds and to 
clean existing ponds less frequently . 

Normally, flocculants are purchased in 
liquid or powdered form. A composition 
and distribution system similar to the 
one shown in figure 9 is commonly used. 
This system r equires clean makeup wat er , 
feed pumps, storage tanks, a source of 
power, and personnel to monitor and main
tain the system (i). 

An alternative approach to conventional 
liquids and powders is a ne~l gelatinous 
form of polymeric flocculant. This poly
meric gel is conventionally sold as 40 lb 
cylindrical "logs." These logs are 9 in. 
in diameter by 18 in long. As with tra
ditional liquid and powdered polymers, 
various cationic, anionic, and nonionic 
formulations are available. The princi
ple advantage of the gel l ogs is their 
ease of use. They are placed directly in 
the stream or channel so that water flows 
over them, gradually dissolving the f10c
cu1ant. Dosage is regulated by the num-' 
ber of logs used and, to some extent, 
velocity of water flow. Thus, unlike 

4Underlined numbers in par entheses re
fer to items in the list of references 
preceding the appendix. 

Poly;eric I 
flocculant -

f-iose 

Water 
(30 to 60 psi) 
(30 to 40 gal) ~~~~ 

\OA to O.?b pct 
polymer 

concentration) 

9 

conventional polymer systems, the gel log 
system is easy to install, requires no 
electricity or auxiliary equipment, and 
needs minimal operator attention. 

In addition to the advantages of in
stallation and operation, it has been de
termined that the gel logs are effective 
at very low polymer concentrations (5-6). 
Polymer dissolved from the gel logs was 
effective at 50 to 200 ppb in laboratory 
s tudies , as oppos ed t o l iqu i d and poT.T
dered polymers, which require 1 Lo 5 ppm 
(5-6) . This greater efficiency may be 
realized because the gelatinous f1cccu" 
l ant s disso l ve slowly, which peimits the 
polymer mole~ules to fully uncoil. Dur
ing the preparation of liquid and pow-' 
de red flocculants, conventional mixers 
tend to shear the long polymer molecules, 
which reduces their effectiveness. 

The gel log has been used successfully 
to help settle suspended solids from 
coal mine runoff (5). The current study 
was based on t he possibility that thi~ 
form of polymeric f10cculan t could be 
used to aecrease the set t l i ng t i me of 
iron hydroxide s ludge at acid mine wa t e "L 
~reatment fac ilit ies, r e ducing operating 
costs . 

The 
mine 

Mixer 
11/2 hp 

PRELI MINARY TESTS 

specif i c ionic character of the 
water must be identified in order 

I,OOO-gal holding tank 
(0.4 to 0 .75 pct 

polymer concentration) 

Dilution water (10: I) 

Dilution tee 
(water ejector) 

_L-+ __ ____ _ 
Transfer 

pump Metering 
pump 

To process-
Maximum 0.1 pct 

polymer concentration 
Scale 

F IGURE 9. - Conventionar polymer ic tlocculant makeup and distribution system. 
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t o choose an effective gel log. Eight 
polymeric flocculants were evaluated us
ing treated mine water from two field 
sites. These flocculants differed with 
respect to their ionic functional!ties, 
strengths of ionie functionality , and 
viscosity characteris t ics . Eight 0.5-pct 
stock solutions were prepared from pow
dered flocculants that correspond to 
available gel log formulations . Each 
flocculant was added dropwise to 1-L mine 
water samples whilei:he mixt ure was 
slowly stirred using a multiple-spindle 
stirrer. Flocculation, when it occurs, 

E 
c.. 
~ 

0 
r<> .. 
u 
0 

to 
C\J 
+-
0 
(/) 

c.. 
u .. 
r 
r 
CJ) 

0 
U 
CJ) 

> 

103 

102 

101~~~~~--~~~~~~ 
2 4 6 8 

pH 

10 12 

FIGURE 10 0 " Effect of pH on viscosity of polymer. 

is readily apparent. In general, anionic 
polymers performed much better than cati
onic and nonionic polymers. For the mine 
wG'.ters tested, a medium anionic polymeric 
solution was the most effective. 

Untreated mine \'mter (pH 2-3) was 
brought directly from the site to the 
laboratory to determine the most effec
tive pH for the chosen gel flocculant. 
As shown in figure 10, the viscosity of 
the polymer, and thus its effectiveness , 
varies with pH (I). The effective pH 
range of the medium anionic floccu1ant 
was tested by adding various amounts of 
quick lime ( CaO) to mine wate r to provide 
pH values of 5, 6, 7, 8, 9, and 10 . It 
was found that the polymer was most ef
fective at pH 00 

In another test , various dosages of 
the powdered polymer were added to 
treated mine water having a pH of 8. The 
miniurn effective dosage was found to be 
0.75 ppm. However , previous studies (5-
6) indicate t hat gel logs may be effec-
rive at much lower concentrations . 

FIELD TESTS 

Gel logs were tested at three mine 
c..rainage treatment facilities in south
western Pennsylvania. These facilities 
represent a wide range of water quality 
and treC'.tment technology, Table 4 pre
sents the treatment data • 

TABLE 4 . - Summary of mine drainage 
treatment facilities 

Neutralizing agent • •• ••• None CaO NaOH 
Type of operation 1 •••••• UG UG S 
Water quality: pH •••••• 7.2 3.0 3.9 
Analysis, mg/L: 

Acidity (as CaC0 3 )··· · NAp 955 486 
Alkalinity (as CaC0 3 )· 387 NAp NAp 
Ferrous iron ...... " ... ND 9.2 ( 2) 
Total iron ............ 28 180 360 

Flow ••••••..•• gal/min •• 600 400 ( 1 ) 

NAp Not applicable. ND Not detected. 
1 Seasonal. 2Not available. 

NOTE.--S = Surface. UG = Underground. 



No Neutralizing Agent 

This underground operation is located 
in Washington County, PA. The untreated 
mine water has a pH of 7.2, 387 mg/L al
kalinity (as CaC0 3 ), no detectable fer
rous iron, and 28 mg/L total iron. The 
water is pumped from the mine at a rate 
of 600 gal/min. Since the discharge at 
this site constitutes the headwaters of a 
stream, as opposed to discharging into a 
st r eam, the mining company is required 
to meet an effluent standard of 1.5 ppm 
(average for 30 days) of total iron. 
This poses a problem since the iron at 
this site does not settle easily and re
mains suspended. 

Three gel logs were placed in a pipe
line between the two settling ponds. A 
fourth log was positioned beneath the 
discharge end of the pipe with water 
flowing directly onto it. Floc formation 
was observed in the second pond shortly 
after the water had contacted the gel 
logs. 

Samples were taken before and after the 
water contacted the gel logs ., Another 
sample was taken at the discharge of the 
second pond o The samples were brought 
back to the laboratory for settling and 
analysis . A ~ortion of the supernatant 
liquid 1vas taken from each sample after 
18, 24 , and 48 h of settling , and ana
lyzed for t o tal iron . As shown in t a ble 
5, the gel l ogs reduced the concent r ation 

TABLE 5. - The effects of gel logs on 
l ow concent r ations of to t a l i ron, 
parts per mi llion 

Lo c a tion 1 Tota l iron at--
0 h 18 h 24 h 48 h 

1 •• ••••••• •• ••••• 2.1 1.1 0 . 74 0.56 
2 •• •••••••• • • • ••• 2. 1 . 74 . 70 . 48 
3 • • •••• • •••••• • • • . 78 . 74 .43 . 39 

1Locations defined : 
1 - Immediately before gel logs be

tween f i rs t and second ponds, 
2 - Immediately after gel logs; influ

ent to s econd pond . 
3 - Afte:::- gel logs; second pond 

effluent. 
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of total i~on for each period of set
tling, in effect, reducing the required 
detention time c 

Lime as Neutralizing Agent 

Mine water at this Greene County, PA, 
site originates from an underground oper
ation and has an untreated pH of 3.0, 955 
mg/L acidity (as CaC0 3 ), 9 mg/L ferrous 
iron, and 180 mg/L total iron. The 
treatment plant consists of ~ holding 
pond, lime slaker, flume and settling 
pond. The plant treats approximately 400 
gal/min. 

Field test procedures involved the fol
lowing. Gel logs were wrapped in chicken 
wire (fig. 11) and were positioned in the 
flume (fig. 12). The logs were partially 
immersed, which provided maximum scouring 
by the flowing water. Figure 12 shows 
proper installation with good scouring 
action. The positioning is important 
because very little polymer will be dis
solved if the logs are completely im
mersed . Samples of the treated water 
were taken from the flume before and af
ter contact with the gel logs. Sludge 
settling tests were performed according 
to Standard Methods (8). Both pH and 
temperature were monitoreri during these 
t ests. 

FIGURE 11 •• Gel logs being wrapped in chicken wi re. 
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FIGURE 12. u Gel log installation in flume. 

Gel logs were added one at a time in an 
attempt to find the minimum effective 
dosage. Although a total of eight gel 
logs were installed in the flume at one 
time, little or no flocculation was ob
served in the settling tests. Analysis 
of the treated water indicated that pH of 
the treated mine water ranged between 
4.2 and 12.2. Laboratory analysis of 
the quicklime used at this plant indi
cated that the lime was of inconsistent 
quality, which accounted for the pH 
variation. 

Sodium Hydroxide as Neutralizing Agent 

The third site is a surface operation 
located in Allegheny County, PA. The un
treated mine water has a pH of 3.9, and 
contains 486 mg/L acidity (as CaC03 ) and 
360 mg/L total iron. The acid water i~ 
being pumped out of the pit and treated 
with 50 pct sodium hydroxide (NaOH) 
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FIGURE 13 • • Settling rates of sludge before 

and after adding polymer. 

30 

solution. The amount of sodium hydroxide 
is regulated to yield a pH near 8. The 
treated water travels down a trough cut 
in the spoil and then through three set
tling ponds. Three gel logs were placed 
in the trough leading to the first set
tling pond. 

Samples were taken before and after 
the water contacted the gel logs. The 
gel logs increased the rate of settling 
(i.e., the slope of the curve shown in 
figure 13) from 0.19 em/min to 0.46 cm/ 
min over a 30-min settling period. Once 
again, the detention time requirement was 
decreased. 

CONCLUSION 

Polymeric floccu1ants in gel log form 
were examined at three sites. Two of the 
sites had good pH control, and maintained 
a pH between 7 and 8. At these sites, 



the gel logs noticeably improved settling 
of the iron hydroxide sludge. The other 
site had poor pH control; pH ranged from 
4.2 to 12.2. No improvement in sludge 
settleability was found at this site. 

Before gel logs are used, a simple lab
oratory test should be performed to se
lect the ionic functionality best suited 
for the site. Based on our experience, 
anionic polymer gel logs will provide 
better flocculation over the pH range 6 
to 9 than nonionic or cationic polymers, 
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but the specific anionic polymer gel log 
(ionic strength, viscosity characteris
tics) must be selected based on individ
ual mine water composition. 

The advantages of gel logs over con
ventional systems are (1) no electrical 
requirement, (2) no equipment needed, 
(3) possibly effective at lower dosages , 
(4) low maintenance, and (5) easy instal
lation. At sites where a steady pH was 
maintained, polymeric flc~culants in gel 
log form proved beneficial. 
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APPENDIX.--BACKGROUND 

"Polymeric flocculants," are water
soluble, vinyl-addition polymers with a 
molecular weight of 100,000 or greater, 
capable of promoting flocculation of sol
ids in liquid suspension. Other commonly 
used terms are polymers, polyelectro
lytes, flocculants , a nd coagulant aids . 
Most polymeric flocculants are structured 
on an acrylic monomer backbone. A mono
mer is a basic chemical unit that can re
act itself or with another monomer to 
form a long-chained molecule called a 
polymer. Anionic polymers have the high
est molecular weight and are the most 
linear in nature, with few side branches 
to the polymer molecule. This is an im
portant characteristic for efficient 
flocculation of treated acid mine 
drainage. 

Particle charge 
neutral ized 

Flocculation is an irreversible kinetic 
process in which two reactions (shown in 
figure A-I) take place: (1) charge neu
tralization and collision , followed by 
(2) bridging and agglomeration. Normal
ly, a particle in suspension will not be 
attract ed t o a similar particle bec~use 

their net surface charges are alike , No 
collision will occur. When a polymeric 
flocculant of the proper functionality, 
or charge density, is added to the sys
tem, its structure is attracted to the 
particles and will neutralize their sur
face cha rge so that collisions will occur 
between the suspended particles. The 
second reaction takes place when the pol
ymer i c flocculant bridges among several 
particles and pulls them together to form 
a larger, faster settling particle (~). 

Bridging 

Agglomeration 

FIGURE A.l. - Charge neutralization, bridging 6 and agglomeration of particles using polymeric 
flocculant. 
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