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o H,E. PAWSOL.....ooocmns .  :: . pae.danuery. 15, 197k
From .. Ao Cheng e o ) " Boks v Fe i

Sdmd The Utlllzatlon of Mlne Water in Arsenlc Supnre551on

- A prellmlnary survey was conducted to 1nvest1gate the effect of m1x1ng
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
4procedure of that survev, 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 suppression effect of the mine water on the soluble
arsenic. The filtering process removed most solids which at -this point would
compllcate the 1nterpretatlon oi data relating to soluble arsenlc depre831on.

‘ The dilution tesﬁawere run for this apparent varlable to see what . o
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 intrn one to two of waste solution to mine water, However, the.
dilution ratio: is only an apparent variable. A closer control of the process

~will have t6 study the true variables, among which the most obvious are pH of "

the #8 Agitator Discharge, pH of the resultant solution, the ‘iron content of

the mine water and other unknown variables. Some of the operational variables
were also. dlscussed, such as, agitation time, operetlonal stablllty of ‘the ..
preclp;tate, pH of the resultant solutlcn and iron content oi mlne water. R S

. It was found that the net depre881on was affected by agltatlon tlme,‘
but lt 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 brlng
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: 51mpllfy the model and as the solution in the - ‘
tailing pond is very low in iron content. It was found that the stability oi
the precipitate depended on the concentratlon of the unreacted iron and the
pH in the resultant mlxture. ' : o

If the pre01p1tate cannot be stanlllzed or be separated before g01ng
to the talllng pond ‘the method cannot- be encouraged
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”EXPERIMENTAL PROCEDURE ;.

The waste solutions were filtered and then mixed w1th the mine water
with a good agitation. The resultant solutions were filtered twice to
: ensure thdt only soluble arsenlc was determlned by the tests. '

The followmng mlne waters were used for thlS survey ;

DENQTED RY. DATE pH  "' As.(pepa.)  Fe. popan.
oML  Dec. 7,/73 7.5 2.05. 19.5
oMz _Dec. 17/73 7.6 - 1.86 ;_: S 3ka0

SMw3o Dec. 27/73 7.8 2 34 20
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DILUTION TEST

ThlS set of tests was conducted to see What effect m1x1ng dlfferent

waste solutions with mine water in different volume ratios had on the
reduction of soluble arsenic. The bulk of the data is related to the -

#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
agitator to see if they would yield more favourable depressions. The - o
results are expressed in terns of total and net As. depre551on.. They are .
deflned as follows: : . - , v : e

Total As. depreSsion - As. content-of waste solution ”'éﬁﬁ ggn&engnef result-

As. content of waste solution N

Net. As. de ression = As. content of 1deal.m1xture,~ Ae, cggggggogf resultant

. by mine wa er

As. content of 1deal mlxture

(Vol ) w.s.'x (8s.) w.s: ¥ (Vol ) m.w. x (As.) m.w;\

As. content of 1deal‘

mixture (Vol) w.s. e (Vol) m. W',‘"

- |

The dllutlon test data are presented in the tables below ' iy
TABLE 1 | R

1. #11 thickener 0'flow (D.W.T.0.) with MWL (;qg For) o

Agltatlon tlme 3 mlnutes- -

 MIXTURE COMPOSITION . .~ 'PH As.(ppm)  Total As. Net As.
e o e e Depression  Depress.

D.W.T.0. + lime 109 35,9 65.6 5.4 |

Dpart DLT.0. 4 lime 103 7.6 8.68 ®2 7.25

-+ 1 part mine water

1 part D.W.T.0. + lime 94 - 9.3 9.0, 98 20.66
+ 2.5 parts mine water o :
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TABIE 2

2. #6 Thickener O'Flow (M.W.T.0.) with MWl (\‘ﬂS()

Agitation Time: 3 mlnutes

BLXTURE COMPOS LITON . RH

Aﬁ¢~p¢meL Total As. Nﬁn.AaL
’ Depre551on Depress
. R L % % |
M.W.T.O. | 6.2 39.58°
M.W.T.0. + lime o 11.3 12.10 69.43 1L
1 part M.W.T.0. + lime - 10.9 6.92 82.52 85 1,56
+ 1 part mine water _ S LT e
1 part M.W.T.O. + lime _~  10.2 5.05 87.17 8%  «2.55
-+ 2.5 parts mine water ‘ L L
' TABLE TABIE 3 |
3. Carbon Plant Thlckener O'Flow (c.p. .) with MWl (yaSFé)
Agltatlon time: 3 minutes
C.P.T.O. o 6.1 79h.6
C.P.T.0. + lime 0 10.2 91.5.  88.48
1 part C.P.T.0. + lime ~  -£9:9 e384 9L97 -33.62
+ 1 part mine water SR o : « o <
1 part C.P.T.0. + lime 9.5  45.22 9431 -63.79

+ 2.5 part mine water

TABLE 4

L. Dust Treatment Barren Solutlon (D T.B.) w1th MW14[q5I;3

Agltatlon tlme‘ 3 mlnutes

D.T.B., + lime ' SRS '9'.@11-'

D.T.B. - N o 8.2
1 part D.T.B. + lime C 9.2

+ 1 part mine water

758.10 32,14

1117.2 o
L73.4L8 57,61 ~2L .58
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pLATUne Guir Ud L1 Ui ‘ f’ ' PH o AS. D.P.R. Total As. Net As.
R ‘ T s B Depression Depress

T T S S % %
1 part D.T.B. + lime © 9.2 . - 289.40 . 7h10  ~32.71
-+ 2.5 part mine water o 4 R R T : S

- TABLE 5 (a)

#8 Agltator Dlscharge |

) #8 Agitator D:x.scharge of November 27, 1973 wa.th MWIL(HS F)
Agltatlon time: 3 minutes

#8 A. D ' gﬂ : As. Total As. = Net As.

P et

{ppm) Depression % Depre851onAZ

. Mine Water

e AD.only o 12,0 12.98 B R P 8
‘Jﬁgﬁ /1 Tl 495 L6L87 - 4170
A2 —us s s 72,72 129 (C
# s o 10.5 2693_- | L7743 - 36.98

TABLE 5 (b) : :
#8 Agitator Dlscharge of December 8, 1973 with MW1 ’%SFh3
- Agitation tlme 3 mlnutes _

#8 A.D.only 120 '15._59.}:‘,, B Ry s
21 1.8 6970 '[-bﬂss 29 o 37.90-
1/1 , 1.5 kb7 o733 $0.58D

1/2 R & P 3.59 76.97 17.69
/e . .10 7;,‘1 2 82,62 47.05

o

o ' : , TABLE 5 (e) T Py
c) #8 Agltator Dlscharge of December 1h, 1973 with MW2 (3‘ x»
Agitateon tlme 3 minutes ‘
#8 A.D. only 11.8 - - 6.85£s | o |
2/ AL 3k o B9.TANF® 33.62
/1 R ll(S?Tf'bi*1;21“5i;: | 'f'82.37%1$%f4”£§§?§2>‘”
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Net As.
Depre881on %

-~ 6 -
TABLE § (c) cont'd
#8 A.D. o P Ag, e Total As.
Mine Water | ~ {ppm) 5 Depre551on %
12 11;3,1;:‘ 1.2 82.37 3134

1/k L 10.6 1.20 S 82.48

TABLE 5 (d)
d) #8 Agitator Discharge of January 5, 1974 with MW3 Cflég
Agitation time: 5 minutes

#8 4.D. only S 1.9 15.2 _ SRR
2/1 11.55 7.45 51.0 % -
1/1 o 11.4 3.62 76.2
/2 - 10.85 2.23 85.5 883
1/k . 10.3 2.87 80.9 gl.I

TABLE 6 (a) =

6. #5 Agitaor Discharge = B 3
(a) #5 A.D. of December 10, 1973 with MWl QV%SEL
Agitation time: 3 minutes - ~

#5 A.D. . PH As. Total As.

Mine Water - T :'Lppml__ -

#5 A.D. Only | 12,0 - 10.27
2/1 11.8 8.99 12. 46
1/1 | 11.7 - 8.0 18.21
1/2 11.4 o ho97 51.61

/W - 10.8 . 3.96 61, 4L

(5

31,2

58.6

(66. 4 >

- 6L.7

Net As.

=17.06
~31.56
+ 2.36
+ 2.32
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TABLE 6(b)

(b) #5 Agltator Dlscharge of December 15, 1973 with MWE(}4F5>
Agitation time = 3 minutes ‘

éﬁlﬁ:g; . L o as. . Total As. Net As. ;
‘Mine Water : (ppm) ~ Depression % Depression %
#5 A.D. only S 12.0 2.66 | |
R/ e 0.90 66.17 6017
1/1 ©11.8 d.12 07 57.89 50.hk
1/2 - 11.6 0.6h 75.94 71.68%
B /P 11.3 S 0.96 | 63.16 (3.1 57.52
TABLE 6(c)

. #5 Agltator Dlscharge of January 3, 1974 w1th MWB(JI?)
Agltatlon time = 5 minutes

#5 A.D. only - 12, l .79 =

o2 11.95 156 6.7% 1.8 61.1
/1 11.62 0.64 R6.6 82.0
1/2 11.3 0.27  96.00 94.Y 91. 4
1/ 0.9 0.27 - 96.0 qyy  89.3

Note the results of the tests on the 1nd1v1dua1 solutlons (D.W.T.O.
M.W.T.0., D.T.B., C.P.T.0.) were not encouraging. Dilution of #8 and #5
with mine water showed that the optimal ratio is mixing 1 part of #8 or
#5 hgitator Discharge with 2 parts of mlne water. At these ratios, the
depression of arsenic is as much as 66.4% net for #8& and 91.4% net for
#5. As Figure 1 and Figure 2 of depression versus dilution indicates,
dilution ratio up to 1/5 does not adversely affect deprression by too
great a factor :
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From A, Cheﬂg crisionin : - 7_ B Ref,

‘&M“tThe Utlllzatlon of Mlne Water 1n Arsenlc Suppressmon ,
- 8 -

(B) Operation Variables =

(a) Agitation Time:

_ Iron content of mine water is suspected to be one of the factors
which contributes to the suppression of soluble arsenic in waste solutions.
A% 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 7

Test 1

| #8 Agitator Dlscharge of December 24, 1973 (As. = 15 16 ppm) with MW2.

‘Agltatlon Time (min.) . As, (pgm) : Net As. Depre551on
' 1 5.21 38,78
5 _ 4. 20 . 50.65
25 . 319 . - 62.51
50 : ' 4.52 e L6.89
TABLE 8
Test 2
#8 Agltator Dlscharge of January 5, 197h (As. = 15 2 ppm) with MW3
1 B o k6.0
5. 3620 o 58.6
20 . L .20 | 52.0
40 . 4{31 , 50,9

 Figure 3 indicates that the: net - As. 'suppfe531on rises rapidly within the
- first 5 to 10 minutes of agitation and does not change further. The best
agltatlon time is about 5 minutes.
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Subject. The..lltilization.of. . Mine. Waler ih'Arsenic Supnression

k(b) Operatlon Stabllltv

Table 9 shows the stablllty of mine water and waste solutlon mlxtures
when subgected to physical’ agltatlon sebarated byiz period of rest :

TABLE 9

Equal Vol. 1st Agltatlon As. Content Rest Time 2nd Agltatlon As. Content

Mixture = _. Tlme B L _ Tlme -
#8AD. of S | e 5 o
 Dec. 1@/73. 3 min. 1.998 15 min. 2 min. 1;768 |
with MW2 . - ' '
#8 A.D. of 3.62 ppm ' - .2 p p.
Jan. 5/7h4 5 min. (58 6% nef - 17 hrs. 5 m;n;“ ¥ ‘72 L% 3857
 w1th MWB o S | As. Dep. o v c e e 52 O% HeE
#8 A.D. of ‘ RURECT AP
Jan.. 5/7h 5 min. 5% 2; ggﬂ 17 hrs. 5 min. 4 62 ppm
with M3 - E As. Dep. | o - (69.7% Fok;
‘ g ' ‘ L 46 7% get
e

The data shows that after a sufflclent total agltatlng time . (>5 min.) more :
dgitatien and sitting time tend to be sllghtly unfavourable for arsenic
depression due probably to concentration of soluble arsenic contend due to
evaporation of test samples overnight.

(&) PH of the Resultant Solution and the Tron Content of Mine Jater

The pH of the resultant solution and the iron content of mine water.
‘are believed to be the most important variable affecting the maximum net
" arsenic depression. An indirect result was found and was shown in
Figure L (the pH of #8 Agitator Discharge was assumed to be the same
since it only varies from 11.8 -~ 12.0.) At the fixed dilution ratio (%),
the_lower the pH of the resultant solution, the higher the net As. depress-
jon. The rough trend is pH decreasing with theincreasing of iron content -
of mine water; it means that, the net depression might increase with the
increasing of iron content 1n mine water. . Figure 4 also has a distinct
‘maximum net arsenilc suppression which coincided exactly with the local
minimum in the pH curve. The 81gn1fance of this is grthi lnvestlgatlng
in order to closely control the process if it -is adapted. '
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To H.E, Pawson.. ’ ' ,'-  . pate.danuarvy 15, 1974
A. Cheng , : : Ref.

From

subject 1028 Ubilization of sine 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 wmll fall to that
of the talllng pond (around PH = 10.2).

To medel thls, an equal volume mlxture prepard by agltatlng for 5
minutes, was allowed to stand for 20 minutes, and then was re-agitated for
1 more minute with distilled water added simultaneously. This 1 minute
re-agitation simulated all the motion the flow undergoes after exit of the

agltator.

' ‘ — — epress. Redlssolv.
Set 1 ‘ Vol. #8 A.D. B
#8 A.D. December i, 1973 . o SRR
+mw2 0 11.5  2.00 54,12 f"Q”‘;

#8 A.D. December 1k, 1973 |

+ M2 | 2.50 1.1 1.71 11.86  78.09

Set 2 . ' e ‘ ‘

#8 £.D. December 24, 1973 0 C1l.4 0 L4420 0 50.65 O

+ MW2 R e b R

#8 A.D. December 24, 1973 | 2.94 ' 10.8  3.95 0 Almost

+ Mw2 . S o v completely
redissolv.

@i§€i} Relationship betweeh % preéipitate redissolved and pH

48 A.D. January 5, 1974 0 1l 3.62 58.6 0

+ MW3 , o ST R S SR
#8 A.D. January 5, 1974 - 1 . 11.26. 3.03 L3.08  17.99
+ MW3 ‘ . | | \
#8 A.D. January 5, 1974 2 S 11.12 3.35 © 23.52  59.84
+ MW3 R e o

#8 A.D. January 5, 197, 3~ 11.0k/ 2.29  34.57 L1.04
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~GIANT YELLOWKNIFE MINES LIMITED

| YELLOWKNIFE, NW.I.. - .]f1 _ﬂg  -MEMQRANDUMN 
To ..M E Pawson . . Date January 15, 197Zp
From .2h:.ChENg ‘ Bobs oo,

Subject The Utilization of Mine Water in Arsenic Suppression

TABLE 11 (cont'd)

Set 3 (cont'd)

Vol. Dist; HéO o {' “%‘of As.

PH  As.(ppm) _Net As. © L

Vol. #8 A.D. - ‘Depress. 'R2322501,

48 A.D. of January 5/7% & 10.95  2.61 0.6, 81.98
+ 103 - <6l s

'The Figure 5 showed precipitate instability. The precipitate will dissolve®
back according to the pH. However, combining 1 part of #8 agitaltor -
discharge with L parts of mine water, which also brings down the pH to 10.8,
- :did not make the precipitate unstable. This is probably due to an. -~ . ...
equilibruim existing between reacted and unreacted iron content 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 its: iron content and pH. ‘Since
" the iron content in the tailing pond is very low (1.5 ppm), the stability
of the precipitate will behave according to:the graph (Figure 4). . S
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muﬁ‘gwm“m“wmm ~~ MEMORANDUM

H.E. Pgwson
A. Cheng

From ' : ’ o E s : Ref.
The Utilization of Mine Water in Arsenie Suppression

To ’ -Date.

 January 15, 197

Subject

‘ : - 12 —-‘-. .
(D) RECOMMENDATIONS: | |

The mein problem associated W1th the mine water method for suppr6351on
of arsenic in waste solutions is the stability of this gprecipitate.
Stabilization or elimination of the precipitate going to the tailing pond
is the challenge to be faced. One solution to this problem is to pump
the resultant solution to a thickener; the overflow from the thickener to
g0 to the tailing pond, and the underflow should go underground. If the
stability of the. precipitate was affected only by the pH; ths nrncess.
can be improved by using high dilution ratio of mine: water to #8 Agltator :
Discharge (to adjust the pH to that of the tailing pond) since hlgh dllutlnn
ratio lowers the net suppression of arsenic only sllghtly.

However, it seems that the stability depends also on the uhreacted
iron concentration in the surrounding solution so that the precipitate
will 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 pre01p1tate wicon mixing with large amount of talllng
pond solutlfn (which is unaccessible until spring due to the irozen
outlet

A, Cheng . ‘
__‘: MillvEngineeri>



