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sflfid The Utilization of Mine Water in Arsenic Suppression 
' A preliminary survey was conducted to investigate the effect of mixing 

waSte solutions and mine water in hope that mine water could be utilized 
to dilute the arsenic content and to supply part of‘ the ferrous iron for ‘ 

arsenic suppression. After reviewing the results and the experimental , 

uprocedure of that survey, it was found that some modifiCation should be taken' 
to improve the survey. The folloWing changes were made:; good agitation was 
provided to mix the solutions thoroughly, product solutions were filtered 
twice to ensure that only Soluble arsenic was under determination. The 
‘filtrate from the waste solution was used to Carry the survey so as to know 
'what is the maximum suppres31on effect cf the mine water on the soluble "’ 
arsenic.~ The filte1ing process removed most solids which at this point would 
complicate the interpretation of data relating to soluble arSenic depression. 

1 The dilution tesuawere run for this apparent variable to see What M “up 
effect the mixing of waste solutions and mine water in different volume ratio‘ 
had on reduction of arsenic.. The results indicated that the optimum volume 
ratio fell into one to two of waste solution to mine water. However, the 
dilution ratio is only an apparent Variable._ A closer control of the proness 

1 will have to study the true variables, among which the most obvious are pH of i“? 
the #8 Agitator Discharge, pH 0f the reSultant Solution, the iron content of 
the mine water and other unknOWn variables. Some of the operational variables 
were also diacussed, such as, agitation time, operational stability of the ,.,‘ 
prec1p1tate, pH of the resultant solution and iron content oimine water. 1“*‘ 

, 
It was found that the net depression was affected by agitation time,‘ 

but it reaches equilibrium quickly. The precipitate was operationally stable. 
A study of the precipitate stability in the tailing pond was done. DiStilled‘ 
Water was added to the miXture With agitation _to model the consequences of “‘ 

the mixture entering the tailing pond. The distilled water was used to bring 
the pH of the unfiltered mixtures down so as to see how the pH affected the 
precipitate in the tailing pond. It was chosen as it does not contribute any 
unknown effects so as to simplify the model and as the salution in the- ‘ 

tailing pond is very low in iron content It was found that the stability of 
the precipitate depended on the concentration of the unreacted iron and the 
pH in the resultant miXture. ' 

v _. - 

if the prec1p1tate cannot he staoilized or be separated before going 
to the tailing pond, the method cannot- be enCouraged.



”fimmmm 
_‘ , MEMORANDUM 

To H E. Pawsoni 
,’V ‘J Mifij‘V'""ECTSTfi7t n Indg‘January 15,il97hr 

The Utilization of Mine water in Aréenic _Suppression ' 

Subject 

.2‘ 'e 2 T. 4'2C ;.*.' 

”EXPERIMENTAL PROCEDURE: 
The waste solutions were filtered and then mi? ed with the mine water 

with a good agitation. The resultant solutions were filtered_twice to 
1 ensure that only soluble arsenic was determined by the tests. ' 

The foliow1ng mine waters Were need for this survey
J 

DENQIED_31 DATE ' pH ' 4*" Asiip1p1m11 1- Ee1_p1pim1 

‘ 

.e . 

. 

-' 

1- Dec. 7,/73 
._ 

7 5 
_ 

2 05 ‘ 

, 
a 19.5 

‘1 ny j]‘ ‘ 

T"pep. 17/73 :1 17.6V1 ‘1‘--‘ 1. 86 5_; ,, K'_3234,o,; _,4 
‘TMW3WLg44‘;- ~<ne¢; 27/73‘ 7 8 

' ' 
' 

2. 34 {L if, .2327.03~WfA:-”
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(A) 
DILUTION TEST: 

This set of tests was conducted to See what effect mixing different 
waste solutions with mine water in different volume ratios had on the 
reduction of soluble arsenic. The bulk of the data is related t.o the 3 

#8 and #5 agitator discharge as these are the most prominent waste solutions 
but some tests were also run on those solutions which enter the #8 and #5 ‘ 

agitatbr .to see if they would yield more favdurable depreSsiOhs. The ' _ 
results are expressed in terms of tetal and net As. depress1on.. They are ,, defined as follows: . 

. ., , . 

. 

’ ” 

Total As. depreSsion = As. content-of waste solution ”Iéfifi §8&E%§Bn9f result- 

As. content.of waste solution 1 

Net As. de ression a ‘As. content of 1deal.m1xture,— As. cggggggogf resultant 
‘.~ by mine we er 

As. content of ideal mixture 

(Vol ) w.s. x (As.) w.s: + (Vol ) m w. X(As.) m-WQ‘ 
As. content of ideal= 
mixture 

. (Vol) 3.5. 
I + (Vol) m. -Wf.‘" .. 

The dilution test data are presented in the tables below ' 

5, TABLE 1 . 
' 3p 

1. #11 thickener O'flow “('1)" .‘w. T. 0. ) with MW]. 03.5 F...) . 

Agitation time. 3 minutes v' 

, 

MIXTUREILCOMPOSIT‘ION , ,.. f ‘33:.- 
.. 33.333; _ 

. Total As. [Net [11s.- w» - 

. w 
. 

. .1 :~st “F93_w ~~f‘~ ' 

_ 

Depression Depress.- 
. . 

, 
.- ,_ "?T% ' 

‘ A " 
D W T O + lime Q .- . 

_ 

10.9 
. 

7.33.5.9 65. 6' ESL!
. 

1 part D w T o + linie ;- 103 ‘ 

1716*. » 

_ .33 63 33v 7.25 
1 + 1 part mine water

, 

lpart 3.11.1.0. _+ lime . 

' 9.1.7- 
' 

9.3; 
'I 

- 91.01 3.33 20. 66 
+ 2.5 parts mine water ' 

' 

‘ 
-

.

‘
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2. #6 Thickener O'Flow (M. W. T. O. ) with MWl Ct‘iSf) 
Agitation Time: 3 minutes 

* 

' “" ‘- 
, 

’ Depression , Depress.. 

M.W.T.O. . 6.2 39,58“’ 

M.W.T.O. + lime v 11.3 12.10 69.43 7LL' 

1 part M.W.T.O. + lime ' -1o.9 -6.92 82.52 325 ' 1:56 
+ 1 part mine water _. 

V 

‘ '1 
7 

I

' 

1 part M.W;T.O. + lime‘ ,,“ T' 10.2 
V 

“ 5.05 .» 87.17 81243‘42.55” 
“+12.5 parts mine water> ‘ 

. 

» 
'7‘ ‘ ‘7‘.‘ ‘ghu‘f 

TABLE 3 

3. Carbon Plant Thickener O'Flow (C. P. .2 with MWl CVWSF;> 
Agitation time: 3 minutes ‘

‘ 

C.P.T.O. 7_ 

'g 6.1- 791 6 

C.P.T.O. + lime , 
Vii'i.r 10.2 

' 

j 

91. 5 - 

. 88.48 
. 

3

. 

’1 part C.P.T.O. + lime 
' 

517' T »g9;9'" 
' 5 63.81'B,'»- r91.97'7‘ ,5';33.62’ 

+ 1 part mine water ~v=>; 2, -‘. ' 

. 1 v, ' 4 

1 part C.P.T.O. + lime ,"1' {9:5* ‘ 

1 

15.22 
I 

'91.31 -_63.79 
+ 2.5 part mine water , 

‘

, 

TABLE h 
4. Dust Treatment Barren Solution (D T. B. ) with MWlIqigv 

Agitation time: 3 minutes '

' 

D.T.B. + lime ‘ 

- I.’%3f"9;1 .758.10 I 32.14 
D.T.B. 

‘ 

‘y . )., 
7 3.2 -. 1117.2 

,
; 

1 part D.T.B. + lime - 

7 

9.2 
' 

473.48 757.61 -21.58“ 
+ 1 part mine water
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gmhfl The Utilization of MineWater in Arsenic Suppression 

MLATUHD GUMFUD+TAUN ‘ f‘H' PH (6 As; p.p.m. Total As. Net As. 
, 

A 

‘ _“’ - - - 
, Depression Depress 

. 

A . A 

. _ 
A 

, 

‘1 
- 8 

.‘1 part D T.B.N+ iimevi‘ iL55;* 9.2~9';a;;7289510fr2 A 7A;10_ ~32 71 
‘ + 2.5 part mine water =~r 

‘ 

' 

- .1 A 

, ,._ , 

,
, 

_ 

,_ TABLE 5 (a) 

#8 Agitator Disoharge 
I

I 

:81) #8 Agitator Discharge of November, 27-, 1973 with MWIO‘ISF> 
Agitation time: 3 minutes 

#8.A. D 
‘ 

33 ~ Air" Total As.‘ Net As. 
~—-———~‘ A 

‘ 

' 

(22m) . 

' Depression % Depre851onAZ 
A. M1ne WAter 

. . 7 

.7 :2 >_' '_ *‘-v 
1 

_: 
-‘ 

- 

‘ 

, 

A 

A 
7‘ 1 

-p 

7‘#8 A. D only ty1’k A, -12.o.7' 
' 

12;98" ‘1 :_~»;- ‘1 ~7 ._ .7 77_1 

7188* 
1/11. 72:7 

, 

—‘11;5 1.95_ "A .6118? » 

, 

11.70 ‘7' 

N >91/2 - 
' '“zj'g; 11.3- . 

T 3.51*' 
7 

, "72.72 7288"7 
’% ' 

1/5 ,7, 7- , . 10 5_ 7 2.93_' 5,777.13 j_' 36.98 

TABLE 5 (D) .

. 

)#8 Agita tor Discharge of December 8,1973 with Mwl 135;;3 
, 
Agitation time: 3 minutes

_ 

#8 A D. oA1y . 7, 
' g12 o.{, 

' v15.59.§,.~f 
' 

{E y”‘ ‘, “AQACD 
A 2/1 

. 

.‘7 ‘ 11.8”{f 3*‘i6.97;i‘35=. 'f-8155 29' '7 -A, 37.9o>= 
, 1/1 A 

, 11;5j"j,3 [1;A7[f-Vf' 
A 
(71.33, *7 q§0.58:> 

1/2 
‘ 

, 

-11.1 , 3.59f a 76.97 A7.69 
1/1‘ .. g. ; 10. 7;7_C , 

2 71, _ . 

7 

f 

821627 
“ 
,._ 17.05 

«J 

' 
~ 

, 
TABLE 5 (a) _ 

-‘ 
s g .r 

(c) #8 Agitator Discharge of December in, 1973 with MWZ IWCBL F:§ 
Agitation time. 3 minutes _

‘ 

#8 A D. only 
_ 

7 

11.87 x. , 6.855n 
, 

' 

>

A 

‘_2/17, 
A 

,1_*‘A _1117g,g,g5 3A§#£j_7‘ A ,rviA9A7A%flflfi;j 33.62 

1/1 .~ 

g 

‘ 

f 
‘ 115 1.2:" 1 

‘ 8237811 @783
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$hwt The Utilization of Mine‘Water -in Arsenic Suppre551on 

; 6 m 

11111131 «>a 
#8 A. 0. 7‘ PH .’ 

' 

hs. .. Total 15. Net As. 
Mine Water .‘_ 

‘ 

,1; f_> 
' (ppm) __ Depression % Depression % 

‘ 

1/2 ‘ 

A 

. 

' 11.3" 
, 

1.21 
' 

, 82.37 8234 J’ 
1/1 

1 

‘ 

10.6] 1.20 1 82.18 58.01 

TABLE 5 (d) 
d) #8 Agitator Discharge of January 5, 1971 with MWB Cflég 

Agitation time: 5 minutes 

#8 1.1. only 'j ‘ 11.9 
2 

' 

15.2 
, 

' 

r '. ~ 

.; , ,_, 
2/1 

. 

- 
- 11.55 7.15 -* 51.0 11w 17 1 

31.2' 
1/1 ‘_ 11.1 3.62 76.2. . 1"; 58.6‘ 
1/2 

. 

- 10.85 
' 

2.23 85.5 as}. ’1 §§§:§:> 
1/1 . 10.3 2.87 I 80.9 311 1 

' 

61.7
‘ 

" TABLE 6 (a) f 
‘f 

6. #5 Agitaor Discharge 
' 

_ 

'.
3 (a) #5 A.D. of December 10, 1973 with MWl £V%Sfi; 

Agitation time: 3 minutes v' ~ 

#5 A'D- {' 
' PH .zv As. ‘_ 

. 

Total As. Net As..
_ 

Mine Water 
“ e~_,151._ :IAQl...‘1 

’ 

D38295512n_% 
, 

D811885101411 

#5 A. D on1y 
' 

1 

‘ 12.0.3 g 
'10§27‘. 

2/1 11.8 
' 

- 8.99 «‘ 
1 

_ 

12.16 ,~17.06. 
1/1 - 11.7 ~ - 

' 

8.10. 18.21 ‘ 7 ~31.56 
1/2 11.1 = - 1.97 51.61 

. 

+ 2.36 
‘1/1 ... 

' 10.8 ; » 
. 3.96 

_ 

‘. 61.11' 
_ 

‘ 

+ 2.32
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‘ 

TABLE 6( b) 

(b) #5 Agitator Discharge of December 15, 1973 with MW2(}4F€> 
Agitation time= 3 minutes ‘ 

ffi15;2; :1: £5. » 

7‘ 
' 

I 

hs.“'-# .»> ‘Total As. Net As. , 

'Mine water_ ' (pEET . 

1' Depression % ‘Depression % 

#5 A D. only 6.12.0 
, 

2.66' 
. 

,

, 

2/1. ,_. . 

2 _ 
_~— .3 . 9:29 . 66.17 

” 
.6o.17 ,1' 

‘1/1 - 11.8 g1.12‘>? 
' 

57.89 
' 

50.44‘ 
‘1 1/2. 

‘ 

‘ 11.6 '- 0.6A' ' 

. 

' 

75 9A “71.69‘ , 

‘.j 1/A77‘.._ . 11.3 
' 

. 

' 0.96' 
j 

63.167635?! 
7 

157.52 

TABLE 6( c) 

#5 Agitator Discharge of January 3, 197A with MW3(}I{) 
Agita.tion time = 5 minutes 

#5 A.D. only - 12.1 4_79, .
_ 

* .2/1 
' 

l,' _11 95 
' 

1.5A.7, _; ,_ 6.78 518 
j 

61.1 
1/1 . 

' 

11. 62 ';' 0.61ff ”Av. 26.6 
_ 

82.0 
1/2 11.3 o. 27 . 

‘ 
' 

, 

9é.0i" 79.7 91.1 
1/4. 

_ 
10.9 o. 27- ‘ 

. 96.0 97.7 89.3 

Note the results of the tests On ~the individual solutions (D.N. T O. 
M.W. T. O. , D. T. B. , C. P T. O. ) were not encouraging. Dilution of #8 and #5 
with mine water showed that the optimal ratio is mixing 1 part of #8 or 
#5 Agitator Discharge with 2 parts of mine water. At these ratios, the 
.depression of arsenic is as much as 66. 63% net for #8 and 91. 4% net for 
#5. As Figure l and Figure 2 of depression Versus dilution indicates, 
dilution ratio up to 1/5 does not adversely affect depression by too 
great a factor. .
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awwt The Utilization of Mine water in Arsenic SuppresSion , 

_ 8 _ 

(B) Operation Variables f . 

(a) Agitation Time: 

_ 

Iron content of mine water is suspected to be one or the factors 
which contributes to the suppression of soluble arsenic in waste solutions._ 
As it was found that the iron present in the mine water is in the form of 
minute solid particles, agitation time is expected to be a variable for 
the reaction of solid with liquid. 

Equal volume mixing was used to carry out the test. 
‘ 

. TABLE 2 
Test 1 

‘ 

#8 Agitator Discharge of December 26, 1973 (As. = 15. l6 ppm) with MWZ. 

‘Agitation Time (min.) 
‘ 

As. (ppm) , Net As. DepreSSion 
' 1 5.21 f_3e. 78 i 

5 _ 3 

1.20 
p 

. 

a 
50.65 

25 . 

'.', 
. 

. 

' 

3.19,‘Mr g f‘62.51 
50 

. 

" ' 4.52 
. 

‘7 £6.89 

11813.4 
1 Test 2 

#8 Agitator Discharge of January 5, 197A (As. = 15. 2 ppm) with MWB 
1-. ,j._1743_ 

. 

K460 
5 ~ -. 1.j '.v'« v3.621_ 

: 

. 

,, Vt}58.6 
20 ' 

v 1.20 
p 

52.0 
no ,1 1g31 

, 

‘3 50.9 

- Figure 3 indicates that the net As. '_SuppressiOn rises rapidly Within the 
« first 5 to 10 minutes of agitation and dees not change further.’ The best' 
agitation time is about 5 minutes..
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ampaThe Utilization of Mine meter in Arsenic Suppression 

‘ 

~9'- 
(b) Operation Stability 

Table 9 shows the stability of mine water and waSte solution mixtures 
when subjected to physical agitation separated bye period of rest ~ 

TABLE 9 

Equal Vol. lst Agitation As. Content Rest Time 2nd Agitation As. Content 
Mixture c ~. Time ‘1 

. . 

. 

Time ., 

A#8 A D. of 
7 

V. ‘6 A 

A 

. 

A. 
1 

' '1 ” 1~ 1'mwfiy1 
‘ Dec. 1M7}~ 3 min. 1.998 15 min. '2'min. , 

. 1;768 
with MWZ 

. 

- 

' ' 

#8 A.D. of 1 

‘ 

3. 62 ppm 
I 

- 1 

' 

A 

' 1M2 p. p. 
Jan; 5/74 5 min. (58. 6% he; . 17 hrs. '5 min;‘1pg A72 4% Egg 
with MW3 fi' 

, 

1,1 
.1 > 

As. Dep. .1 V 

A 1;" 1‘ 52 0% he? 
5#8 A. D. of 1' 

' ‘ 

1} 1.
. 

Jan 5/7t 
. 

5 min. ‘ 

(5%: 2% EB? 17 hrs. 5 ming‘ 1‘1 h. 62 ppm 
with MW3 11- 

;_ As. Bap) _ , 1 
_ 

(69 7% 505) 
‘ 

‘ 
' > (46. 7% gete 

The data shows that after a Suffici ent total agitating time (>5 min. )more 1 

agitation and sitting time tend to be Slightly -unfavourable for arsenic ‘ 

depreSSiOn due probably to concentration of soluble arsenic contend due to 
evaporatiOn of test samples overnight. 

(a) PH of the Resultant Solution and the Tron Content of Mine Water 

ihe pH oi the resultant solution and the iron content of mine water 
lare believed to be the most impertant variable affecting the maximum net 

‘ arsenic depreSSion. An indirect result was found and Was sh own in 
Figure A (the pH of #8 Agitator Dis Charge was assumed to be the same 
since it only varies from 11.8 ~ 12. O. ) At the fixed dilution ratio (a), 
the lower the pH of the resultant solution, the higher the net As. depress- 
ion. The rough trend is pH decreasing,with theincreasing of iron content1 
Of mine water; it means that, the net depression might increase with the 
increasing of iron content in mine water.1 Figure 4 also has a distinct 
‘maximum net arsenic suppression which coincided exactly with the local 
minimum in the pH curve The signifance Of this is worthinvestigating 
in order to closely Control the process if it is adapted.’
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&mthe Utilization of mine Water in Arsenic Suppression 

(C) Stability of Precipitate' 
Consider the stability of the precipitate after the mixture is pumped 

out to the tailing pond. The pH of the incoming mixture will fall to that of the tailing pond (around pH = _10. 2). 
To model this, an equal volume mixture prepard by agitating for 5 

minutes, was allowed to stand for 20 minutes, and then was re—agitated for 
l more minute with distilled water added simultaneously. This 1. minute 
re~agitation simulated all the motion the flow undergoes af te r exit of the agitator. 

' 
‘ —— ———————— epress. Redissolv. 

Set 1 . 

Vol. #8 A.D. 
.»‘ ‘ 

#8 A. D. December 14, 1973 
. 

=~ 
, 

. ._ .y.‘ ‘..g 
+ mwz 

‘ 

‘ 

. o 11.5 
' 

2.00 .5A.12 1-.o*. 
#8 A.D. December'lh, 1973

I 

+ mw2 , 2.50 11.1 1.71 ,11.86 78 09 
Set 2 . 

' 1"
p 

#é A.D. December 24, 1973 O ' ll.h ' 4.20 ' 

‘_ 50.65 ‘ O 
+ MW2 ' 

‘ 

a ' 

, . 

' ifv' ‘ 

. 

A“ '1 “ 7 

#8 A.D. December 24, 1973 
‘ 

2.9a 
' 

10.8 ‘_3.95 0 Almost 
+ MWZ C . . 

.~‘ .(. 
. complete 

redissolv. 

fiffiti} Relationship between % preoipitate redissolved and pH~ 
#8 A.D. January 5, 197A "1 0 'j ‘11.A ' 

3.62 .58.6 O + MWB 
p 

"‘ "' 
‘_ 

_ 

a. 
g 

, 
. 

,*~ ,

; 

#8 A.D. January 5, 1971,; 1 "'. 11.26. 3.03 18.08 17.99 
+ MW3 _ 

~ 

. 
,

. 

#8 A.D. January 5, 197A 2 
_ 

_ 

11.12‘ 3.35 , 
23.52 59.88 

+ Ame 
‘ _ 

, 

,- . 

_ p. 
'.'f _(‘_- 

#8 A.D. January 5. 197A , 

I j 
'3' ' '*'“ 

11.04. _2.29 - £31.57 41.01
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‘TABLE 11 (cont’d) 

'Set 3 (cont'd) 
" > 

Vol. Dist; Héo 
‘ 

' /of A817" 
PH. As;(ppm) "Net As. p ~~, 

Vol. #8 A.D. ,‘ gDepress. 'Rgggsgol. 

f#8 A.D. of January 5/74 
' 

i' ' 10495 '2.61 »1o.6i v. ,81;9g ’ 

+ MWB ; , 

, 

p_ 
-

, 

~#8,A.D, of January 5/74 - 5'f ,. i, 10.8 
' 

;2'21, ,_11.6c:~g\~“80.2i51 
p‘The Figure 5 showed precipitatainstability. Ehe precipitate will disSolvei 
back according to the pH. However, combining 1 part of #8 agitator 1 

, discharge with L parts oi mine water, which also brings doWn the pH_to 10.8, 
‘2 did not make the precipitate unstable. *This is probably due to an~ V ‘n,~‘ 
“equilibruim existing between reacted and'unreacted iron centent-in the 
solution. From this, one concludes that the characteristics of the ‘ 

‘Solution‘in the tailing pond will be an important factor affecting the. , 

stability of the precipitate — especially itsg iron content and pH. VSince 
‘,the iron content in the tailing pond is very low (1.5 ppm), the stability‘g 

of the precipitate will behave acCording to the graph (Figure«b)ug '_,'»1~
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(D) RECONMENDATIONwS 
‘ H 

The main problem associated with the mine water method for suppression 
oi arsenic in waste Solutions is the Stability of this precipitate. 
Stabilization or elimination of the precipitate going to the tailing pond 
is the challenge to be faced. One sulution to this problem is to pump 
the resultant solution to a thickener; the overflow from the thickener to 
go to the tailing pond and the underflow should go underground. If the 
stability of the precipitate was affected only by the pH th s‘process 
ca1 he improve d hv using high dilution ratio of mine water to #9 Agitator . 

Discharge (to adjust the pH to that of the tailing pond) since high dilution 
ratio lowers the net suppression of arsenic only slightly. 

However, it seems that the stability depends also on the unreacted 
, 

iron concentration in the surrounding solution so that the preCipitate 
Vwill redissolve upon the lowering of iron content in the Solution of the 
‘tailing pond. (only 1 5- Ppm) This would -necessitate further study- of 
the Stability of the precipitate upon mixing with large amOunt of tail1ng 
pond selutifn (which is unaccessible until spring due to the irozen Outlet 

A. Cheng V

' 
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