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Environment & Infrastructure, a division of AMEC Americas Limited 
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supplied by outside sources and iii) the assumptions, conditions and 
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Summary 

New Gold Inc. is proposing to develop its Blackwater Gold Project. During the construction 
phase of the proposed project, total suspended solids (TSS) in surface runoff from the site 
would need to be managed. Overall for this project AMEC was mandated to: 

1. Characterize the surface runoff from Blackwater’s site for metals and relevant 
physiochemical properties.  

 
2. Indentify chemicals and/or physiochemical parameters of the surface runoff that are 

above the respective Metal Mining Effluent Regulations (MMER) limits and/or trigger 
levels.  

 
3. Investigate treatment solutions that could be used to treat those chemicals and/or 

physiochemical parameters that are established to be above their respective MMER 
limits and/or trigger values. 

 
4. Submit samples generated upon application of best treatment solution for toxicity testing 

with Daphnia magna and rainbow trout.  
 

Characterization of surface runoff from Blackwater site indicated that of the parameters 
regulated by MMER, only the TSS content of the samples would need to be addressed. 
Extensive testing of the samples indicated that the TSS of the received samples could 
successfully be treated using an engineered settling pond with a retention time of 24 hours.  

Provisions should be made for addition of lime and ferric sulphate to the Blackwater 
construction runoff prior to the inlet of ponds where the overflow will be discharged to surface. 
Test results suggest that settling alone may be sufficient for normal runoff flowrates. The 
addition of ferric sulphate and lime may only be required during high flow events. Samples 
treated with iron and lime at dosages of 10 to 20 mg Fe per litre met all regulated limits including 
toxicity.   

Results also indicate that the addition of a flocculant offers no significant advantage and even 
reduced settling efficiency in some cases.  
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1.0 Introduction 

New Gold Inc. is proposing to develop its Blackwater Gold Project, located approximately 160 
km southwest of the city of Prince George (Figure 1). During the construction phase of the 
proposed project, the surface runoff from the site would need to be managed. It is expected that 
total suspended solids (TSS) content of the surface runoff would need to be treated so that 
relevant compliance limits can be met.  

 
Figure 1: Location of Blackwater Site  

 
AMEC was mandated to: 
 

 Characterize the surface runoff from Blackwater’s site for metals and relevant 
physiochemical properties.  

 
 Indentify chemicals and/or physiochemical parameters of the surface runoff that are 

above the respective Metal Mining Effluent Regulations (MMER) limits and/or trigger 
levels.  

 
 Investigate treatment solutions that could be used to treat those chemicals and/or 

physiochemical parameters that are established to be above their respective MMER 
limits and/or trigger values. 

 
 Submit samples generated upon application of best treatment solution for toxicity testing 

with Daphnia magna and rainbow trout (O. mykiss).  
 

Such testing will aid in drafting of construction water management/treatment and erosion control 
plans for the site as required for permitting.  



Treatability Tests for Construction Runoff  
Blackwater Project – New Gold Inc.  
February 2014 

VE 52277 8200 06 Page 2 

 

2.0 Methodology 

2.1 Sample Collection 

On July 17th 2013, eight 19-liter pails of raw water samples were collected from New Gold’s 
Blackwater site. The samples were collected by Avison Management Services as per sampling 
guidelines provided by AMEC (Appendix A). Four pails were collected at location DS-1 and 
another four were collected at location R1 (Figure 2). To prevent oxidation of the collected 
samples, the containers were completely filled and covered before shipment. The samples were 
received at AMEC’s water treatment laboratory located in Pointe Claire, Quebec on July 29th.  

 

Figure 2: Sampling Locations 

 
2.2 Sample Preparation and Initial Characterisation  

Immediately upon reception, the content of all pails for each sampling location were combined 
and stirred vigorously to yield a single homogenized composite sample for location DS-1 and a 
single composite sample for location R1. All testing and characterization was performed with 
these composite samples.   

Physico-chemistry parameters (pH, conductivity, ORP, turbidity) and TSS for each sampling 
site’s composite sample were measured at AMEC’s lab. Filtered and non-filtered aliquots of the 

DS-1

R1
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composite samples were also submitted to an accredited external laboratory (Maxxam) for the 
analysis of the following parameters:  

 Metal Scan (Al, Sb, As, Ba, Be, Bi, Cd, Ca, Cr, Co, Cu, Fe, Li, Mg, Mn, Mo, Ni, 
Pb, K, Se, Si, Na, Sr, Tl, Zn) by Inductively Coupled plasma mass 
spectrometry (ICP-MS) 

 
 Hg by Cold Vapor Atomic Absorption 

 
 Total Suspended Solids (TSS) 

 
2.3 Treatment Objective 

Bench-scale tests were conducted in order to define the required operating conditions for pH, 
settling duration and reagent addition to achieve a final target TSS of 15 mg/L. This TSS level is 
the 30 day average required by Metal Mining Effluent Regulations (MMER) in final effluents from 
mining operations. 

2.4 Treatability Test Plan 

Treatability testing of Blackwater samples was accomplished in three phases. The 
methodologies applied for each of these phases are summarised below. Detailed 
methodologies for each phase can be found in Appendix B.  

All tests were performed with composite samples for each water source.  

2.4.1 Phase 1: Flocculant Screening 

During the first phase, 8 flocculants (see Table 1) were tested to establish which amongst them 
is the most effective in removing TSS from Blackwater samples. MagnaFloc 10, MagnaFloc 
1011, Flomin 905 MC and Flomin 920 MC were tested because they are known to be broadly 
effective in removing TSS from a diverse set of samples. MagnaFloc 155, MagnaFloc 368 and 
ZFloc 558 were tested because they have been shown to be effective in treating some 
particularly problematic samples. MagnaFloc 333 has previously been shown to be the most 
effective in removing TSS from Mt. Milligan, a site located in close geographical proximity to 
Blackwater. However, MagnaFloc 333 is now obsolete and has been replaced by BASF with 
MagnaFloc 351. Therefore, MagnaFloc 351 was also tested.  

The material safety data sheet (MSDS) of the most successful flocculant (Flomin 920 MC) can 
be found in Appendix C. 
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Table 1: Flocculants Screened 

 

Flocculant screening tests were performed on 0.5 L of raw water sample. Each flocculant was 
dosed at 3 mg/L followed by 5 minutes of mixing. No pH adjustment was made. After 1 hour of 
settling time, an aliquot of the supernatant was drawn for turbidity analysis. 

2.4.2 Phase 2: Flocculant Dosage  

The two best performing flocculants from the screening phase were retained for each water 
source. The dosage of each retained flocculant was optimized by performing additional tests. 
These tests were performed on 0.5 L of raw water sample. Each flocculant was dosed at 1, 2, 3 
or 5 mg/L followed by 5 minutes of mixing. No pH adjustment was made. After 1 hour of settling 
time, an aliquot of the supernatant was drawn for turbidity analysis. 

2.4.3 Phase 3: Flocculant and Coagulant Testing 

The final phase involved testing the best flocculant at different testing times and evaluating the 
addition of coagulants. Settling times of 1 hr, 8 hr and 24 hrs were evaluated. Additional testing 
was also completed using a coagulant (ferric sulphate) with an alkali (lime [Ca(OH)2] and caustic 
[NaOH]). These tests verified the effectiveness of iron (Fe) dosage of 10 mg/L at a pH value of 
8.5. TSS and turbidity was measured for all treated samples.   

One-hour settling tests were conducted to simulate performance expected from a clarifier in an 
active treatment system. The 8 hr and 24 hr tests were conducted to simulate performance 
expected in a settling pond. Experience has shown that quiescent settling in the laboratory can 
simulate pond settling by applying a time-factor of three. Therefore, a 3-day settling pond can be 
simulated in the laboratory by allowing the treated samples to settle out for 24 hours. The 8-hr 
tests represent a pond with 24 hours retention time. 

2.4.4 Toxicity Testing  

The best and the most applicable treatment scenario from phase 3 was applied to 30 litres of 
raw water from each source to generate samples for toxicity testing (Daphnia magna and 
rainbow trout). Toxicity testing was performed by an accredited external laboratory (Exova).  

Fish Daphnia

Flomin 905 MC SNF Anionic > 100 > 100
Flomin 920 MC SNF Non-ionic >   10 >   10
Magnafloc 10 BASF Anionic > 100 > 100
Magnafloc 1011 BASF Anionic     357     212
Magnafloc 155 BASF Anionic > 100 > 100
Magnafloc 351 BASF Non-ionic > 100 > 100
Magnafloc 368 BASF Cationic        4     1.6
ZFlocc 558 Zeroday Anionic > 1000      15

Charge Manufacturer Flocculant Trade Name 
Toxicity (LC50)

mg/L
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3.0 Characterisation of Raw Water Samples  

The raw water samples as received were turbid with a brownish solids suspension (Figure 3). 
Summarized in Table 2 are the physico-chemical parameters and the metal concentrations of 
the composite raw water samples. Detailed analytical results are presented in Appendix D. 

 

Figure 3: Received Blackwater Sample from Site R1 

 
The metals content of the two samples was well below discharge limits. Of the parameters 
regulated under MMER, TSS content of both raw waters was above the MMER limit of 15 mg/L. 
Therefore, characterization of collected samples from the Blackwater site suggests that the 
construction runoff will need to be treated for TSS content.  

Although not regulated under MMER, iron concentrations are relatively high in the total analysis. 
As the dissolved concentrations are low, this indicates that the Fe is contained in the suspended 
solids. Similarly, Al concentrations are shown to be contained in suspended solids.  
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Table 2: Physico-Chemical Parameters and Metals Contents of Received Samples 

 

             Red cells show parameters that exceed an MMER limit or a trigger value. 
             (*) Trigger limit above which fish tissue analyses for mercury become necessary.  
 
 
 
 

 

Total Dissolved Total Dissolved

Aluminum (Al) 1.2 0.08 2.4 <0.04 none

Antimony (Sb) <0.02 <0.02 <0.02 <0.02

Arsenic (As) <0.05 <0.05 <0.05 <0.05 0.5
Barium (Ba) <0.02 <0.02 0.02 <0.02
Beryllium (Be) <0.002 <0.002 <0.002 <0.002
Bismuth (Bi) <0.05 <0.05 <0.05 <0.05
Cadmium (Cd) <0.01 <0.01 <0.01 <0.01
Calcium (Ca) 3.9 3.6 11 11
Chromium (Cr) <0.01 <0.01 <0.01 <0.01
Cobalt (Co) <0.01 <0.01 <0.01 <0.01
Copper (Cu) <0.009 <0.009 <0.009 <0.009 0.3
Iron (Fe) 1.6 0.1 2.9 <0.1 none
Lithium (Li) <0.1 <0.1 <0.1 <0.1
Magnesium (Mg) 1 0.7 2.3 1.8
Manganese (Mn) 0.14 0.03 0.67 <0.01
Mercury (Hg) <0.00001 <0.00001 0.00002 <0.00001  0.0001(*)

Molybdenum (Mo) <0.01 <0.01 <0.01 <0.01
Nickel (Ni) <0.01 <0.01 <0.01 <0.01 0.5
Lead (Pb) <0.01 <0.01 <0.01 <0.01 0.2
Potassium (K) 1.1 1.0 1.4 1.1
Selenium (Se) <0.05 <0.05 <0.05 <0.05 none
Silicon (Si) 9.2 6.9 9.4 6.5
Sodium (Na) 2.9 2.8 4.1 4.1
Strontium (Sr) <0.05 <0.05 0.07 0.06
Thallium (Tl) <0.01 <0.01 <0.01 <0.01

Zinc (Zn) <0.02 <0.02 0.14 0.03 0.5

Temperature oC 23.5 23.3
pH 7.06 7.80 6.0 to 9.5
Conductivity µs/cm 40 91.3
TSS - In house mg/L 128 147 15
TSS - Maxam mg/L 95-110 160 15

ORP mV 383 401
Turbidity NTU 33.2 > 100

Metals/ 
Physiochemical 

parameters

mg/L

P
h

ys
ic

o
ch

em
ic

al
 

MMER limit  
M

et
al

s
R1 -Raw DS1 - Raw

Units
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4.0 Treatability Test Results 

This section presents the results of the treatability tests performed on Blackwater samples.  

4.1 Phase 1: Flocculant Screening  

During the first phase, eight flocculants were screened to establish which amongst them is the 
most effective in removing turbidity from Blackwater samples. In total, 18 tests were performed 
during this phase (see Table 3). Turbidity results after one hour of settling for all tests performed 
during this phase as well as that for received raw water samples are presented in Figure 4. 

 

Figure 4: Flocculant Screening Results 

 
Figure 4 demonstrates that the raw sample collected at location DS-1 was far more turbid than 
the one collected at location R1. However, for equivalent treatment conditions the sample 
collected at location DS-1 was easier to treat than the one collected at location R1.This 
relative difficultly in treating the sample collected from location R1 was observed in all phases 
of testing, except when final samples were prepared for toxicity testing.  

Settling alone was able to significantly reduce turbidity for both samples. Addition of anionic 
flocculants in most cases inhibited the removal of turbidity from Blackwater samples. Addition 
of non-ionic flocculants (Magnafloc 351 and Flomin 920 MC) enhanced the removal of 
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turbidity from Blackwater samples. Overall, for both Blackwater samples, addition of 
Magnafloc 351 and Flomin 920 MC followed by settling yielded lowest residual turbidities and 
hence the best treatment performance. Therefore, both Magnafloc 351 and Flomin 920 MC 
were retained for the next phase of testing.  

Table 3: Phase 1 Flocculant Screening Tests and Results 

 

4.2 Phase 2: Flocculant Dosage 

In the second phase, the impact of dosages for the two flocculants retained (Magnafloc 351 and 
Flomin 920 MC) was evaluated with one hour settling. In total, 18 additional tests were 
performed during this phase (see Table 4). Turbidity results for all tests performed during this 
phase as well as that for received raw water samples are presented in Figures 5 and 6. 

Results presented in Table 4 and Figures 5 and 6 demonstrate that within the tested dosage 
range of 1 to 5 mg/L, the settling efficiency was not greatly affected by the flocculant dosage.  

The two flocculants yielded very similar results. Therefore, to select which of the two to carry to 
the next phase of testing, the relative cost of the two flocculants was considered. Flomin 920 
MC is commercially available through SNF at $4.85 per kg. Magnafloc 351 is commercially 
priced by BASF at $5.35 per kg. Flomin 920 MC was retained for the next phase of testing.  

 

Volume
Flocculant 

Concentration
Agitation 

Time
Settling 

Time
Turbidity

(mL) (mg/L) (min) (h) (NTU)

R0-D DS-1 NA 7.1 None - Raw NA NA NA NA > 100

F1-D DS-1 500 7.6 None 0 5 NA 1 12

F2-D DS-1 500 7.6 MagnaFloc 1011 3 5 7.6 1 18

F3-D DS-1 500 7.7 ZFlocc 558 3 5 7.6 1 17

F4-D DS-1 500 7.7 MagnaFloc 155 3 5 7.7 1 17

F5-D DS-1 500 7.7 Flomin 905 MC 3 5 7.7 1 14

F6-D DS-1 500 7.6 MagnaFloc 10 3 5 7.7 1 10

F7-D DS-1 500 7.6 MagnaFloc 368 3 5 7.6 1 8.8

F8-D DS-1 500 7.7 MagnaFloc 351 3 5 7.7 1 6.4

F9-D DS-1 500 7.6 Flomin 920 MC 3 5 7.6 1 6.1

R0-R R1 500 7.8 None - Raw NA NA NA NA 33

F1-R R1 500 7.8 None 0 5 NA 1 19

F2-R R1 500 7.8 MagnaFloc 1011 3 5 7.8 1 22

F3-R R1 500 7.8 ZFlocc 558 3 5 7.8 1 23

F4-R R1 500 7.9 MagnaFloc 155 3 5 7.8 1 20

F5-R R1 500 7.8 Flomin 905 MC 3 5 7.8 1 21

F6-R R1 500 8.0 MagnaFloc 10 3 5 7.8 1 16

F7-R R1 500 7.9 MagnaFloc 368 3 5 7.8 1 16

F8-R R1 500 8.0 MagnaFloc 351 3 5 7.8 1 14

F9-R R1 500 7.9 Flomin 920 MC 3 5 7.8 1 14

NA : Not Applicable 

pH After 
Agitation

Test
Sample 
Location

Flocculant
Initial 

pH
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Table 4: Phase 2 Flocculant Dosage Tests and Results 

NA: Not Applicable  

 

Volume
Agitation 

Time
Settling 

time
Turbidity

(mL) (min) (h) (NTU)

R0-D DS-1 NA 7.06 None-Raw NA NA NA NA 100
D1-D DS-1 500 7.61 None 0 5 NA 1 12
D2-D DS-1 500 7.08 1 5 7.05 1 6.2
D3-D DS-1 500 6.81 2 5 6.75 1 7.0
D4-D DS-1 500 7.57 3 5 7.59 1 6.1
D5-D DS-1 500 6.77 5 5 6.74 1 6.7
D6-D DS-1 500 6.98 1 5 7.17 1 5.9
D7-D DS-1 500 6.75 2 5 6.57 1 5.7
D8-D DS-1 500 7.68 3 5 7.67 1 6.4
D9-D DS-1 500 6.66 5 5 6.8 1 6.1
R0-R R1 NA 7.06 None-Raw NA NA NA NA 33.2
D1-R R1 500 7.82 None 0 5 NA 1 19.3
D2-R R1 500 7.07 1 5 7.12 1 12.6
D3-R R1 500 7.14 2 5 6.95 1 12.8
D4-R R1 500 7.86 3 5 7.83 1 13.7
D5-R R1 500 6.86 5 5 6.8 1 15.5
D6-R R1 500 7.06 1 5 7.03 1 12.5
D7-R R1 500 7.1 2 5 6.67 1 14.9
D8-R R1 500 7.96 3 5 7.84 1 13.8
D9-R R1 500 6.98 5 5 6.86 1 14.5

pH after 
agitation

Flomin 920 MC

MagnaFloc 351

Flomin 920 MC

MagnaFloc 351

Test
Sample 
Location

FlocculantInitial pH
Flocculant 

Concentration
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Figure 5: Impact of Flocculant Dosage in Removing Turbidity from Sample DS-1  

 

   

Figure 6: Impact of Flocculant Dosage in Removing Turbidity from Sample R1 

 

0

5

10

15

20

0 1 2 3 5

Tu
rb
id
it
y 
(N
TU

)

Flocculant Dosage (mg/L)

Flomin 920 MC

MagnaFloc 351DS ‐1 

Raw Turbidity = > 100 NTU

0

5

10

15

20

25

0 1 2 3 5

Tu
rb
id
it
y 
(N
TU

)

Flocculant Dosage (mg/L)

Flomin 920 MC

MagnaFloc 351

R‐1

Raw Turbidity = 33 NTU



Treatability Tests for Construction Runoff  
Blackwater Project – New Gold Inc.  
February 2014 

VE 52277 8200 06 Page 11 

4.3 Phase 3: TSS Reduction - Flocculant and Coagulant Testing 

The final phase explored the suitability of the following treatment scenarios in removing TSS 
from received Blackwater samples:  

1. Settling alone  
2. Flocculant addition (Flomin 920 MC at 3 mg/L) followed by settling  
3. Coagulant addition (Fe3+ at 10 mg/L), controlled to pH 8.5 with lime addition, followed by 

settling 
4. Coagulant addition (Fe3+ at 10 mg/L), controlled to pH 8.5 with caustic, followed by 

settling 

Experience has shown that quiescent settling in laboratory containers could simulate pond 
settling by applying a time-factor of three. Therefore, a 3-day settling pond can be simulated in 
the laboratory by allowing the treated samples to settle out for 24 hours. A one-day pond is 
simulated by an 8-hr settling time. The one-hour settling tests represent the expected results 
from a clarifier in an active treatment system, as opposed to a pond. Performance of scenarios 
1, 2, and 3 above was evaluated after settling durations of 1 hr, 8 hr, and 24 hrs. Performance 
of scenario 4 was only evaluated after 1 hr and 8 hr of settling as it was eliminated early due to 
poor performance. 

In total, 22 additional tests were performed (see Table 5). TSS results for all tests performed 
during this phase as well as that for received raw water samples are presented in Figures 7 and 
8. 

Consistent with testing performed in earlier phases, R1 was harder to treat even though the raw 
waters contained lower levels of suspended solids (Figures 7 and 8). Therefore, results 
obtained with R1 are used as a basis to select treatment scenarios that can be successfully 
applied to Blackwater runoff to ensure that TSS in treated waters meet the limit of 15 mg/L.  

The results presented in Figure 8 suggest that at least 8 hrs of quiescent settling are required in 
the lab with settling alone to achieve the target TSS level. Eight hours of settling are also 
required if a flocculant is added. However, the results obtained after eight hours of settling with 
the addition of flocculant were worse than those obtained with settling alone. Addition of Fe3+ as 
a coagulant at pH 8.5 followed by settling achieved the target TSS level in a duration of one 
hour. For coagulation tests, better performance was always observed when the alkali used for 
pH adjustment purposes was lime instead of caustic.  

Due to capital and operational investment required, the temporary nature of the construction 
phase, and the fact that settling alone appears a feasible option, it was decided that the use of a 
clarifier would not be pursued. As of this point, only treatment scenarios that simulated settling 
in a pond were considered. The results indicate that a settling pond with a 24-hour retention 
time should be sufficient to remove the TSS to meet the 15 mg/L limit, although the final TSS 
content was close (9.6 mg/L). The results also show that the addition of ferric sulphate with lime 
significantly improved settling and clarification efficiency.   
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Table 5: Phase 3 Testing and Results  

 
N.A. =not applicable 
n.m. = not measured 
D.L. = detection limit  
(*) Discussed in further detail in section 4.4

Flocculant 
Concentration

Ca(OH)2
NaOH 
(1.0 N)

Fe+3 

Concentratio
Agitation 

Time
Settling 

Time
Final 
ORP

Final 
Conductivity

Final 
Temperature

TSS
Solids 

Production (*)
Turbidity

(mg/L) (mg/L) (mL) (mg/L) (min) (h) (mv) (µs/cm) (ºC) (mg/L) (mg/L) (NTU)

R0-D DS-1 None-Raw NA NA NA NA NA NA NA NA NA NA 147 NA NA

T1-D DS-1 Settling Alone 0 0 0 0 5 386 91 24 7.0 12.4 n.m. 20.1
T2-D DS-1 Flomin 920 MC 3 0 0 0 5 328 88 25 7.1 4.0 n.m. 7.7
T3-D DS-1 Fe3+ (Lime pH control) 0 36 0 10 5 234 177 23 8.5 3.6 197.5 1.6
T4-D DS-1 Fe3+ (Caustic pH control) 0 0 1.45 10 5 305 207 22 8.6 4.4 206.3 1.3
T5-D DS-1 Settling Alone 0 0 0 0 5 n.m. n.m. n.m. n.m. 5.2 n.m. n.m.
T6-D DS-1 Flomin 920 MC 3 0 0 0 5 330 90 24 6.9 2.4 n.m. 3.9
T7-D DS-1 Fe3+ (Lime pH control) 0 38.8 0 10 5 267 194 22 8.6 < D. L. n.m. 0.8

T8-D DS-1 Fe3+ (Caustic pH control) 0 0 1.5 10 5 252 201 22 8.5 3.6 n.m. 1.4
T9-D DS-1 Settling Alone 0 0 0 0 5 339 89 25 7.0 4.0 157.2 3.8
T10-D DS-1 Flomin 920 MC 3 0 0 0 5 337 91 25 7.0 2.0 165.5 2.9
T11-D DS-1 Fe3+ (Lime pH control) 0 42 0 10 5 282 206 24 7.4 1.2 221.6 0.5

R0-R R1 None-Raw NA NA NA NA NA NA NA NA NA NA 128 NA NA
T1-R R1 Settling Alone 0 0 0 0 5 388 40 24 7.2 22.4 NA 24.4
T2-R R1 Flomin 920 MC 3 0 0 0 5 338 39 25 7.2 16 NA 17.0
T3-R R1 Fe3+ (Lime pH control) 0 23 0 10 5 293 106 23 8.6 < D. L. 224.7 0.7

T4-R R1 Fe3+ (Caustic pH control) 0 0 1 10 5 265 124 23 8.5 13.2 160.2 4.1
T5-R R1 Settling Alone 0 0 0 0 5 n.m. n.m. n.m. n.m. 9.6 n.m. n.m.
T6-R R1 Flomin 920 MC 3 0 0 0 5 321 39 24 7.1 10.5 NA 10.7
T7-R R1 Fe3+ (Lime pH control) 0 41.6 0 10 5 220 156 23 8.6 1.6 161.0 1.0

T8-R R1 Fe3+ (Caustic pH control) 0 0 1.5 10 5 203 174 23 8.6 3.6 n.m. 2.2
T9-R R1 Settling Alone 0 0 0 0 5 333 39 25 7.1 6.8 187.2 9.4
T10-R R1 Flomin 920 MC 3 0 0 0 5 331 39 25 7.0 4.0 156.8 8.3
T11-R R1 Fe3+ (Lime pH control) 0 41.7 0 10 5 181 155 24.3 8.2 < D. L. 228.2 0.41

1

8

24

pHTest
Sample 
Location

Treatment  System 

1

8

24
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Figure 7: Effectiveness of Treatment Scenarios in Removing TSS from Sample DS-1 

 

 

Figure 8: Effectiveness of Treatment Scenarios in Removing TSS from Sample R1 
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For these treatment scenarios, it was also of interest to establish the final metal contents of the 
respective treated samples. Therefore, a number of additional tests were performed to generate 
treated samples that could be submitted for metals scan using ICP-MS. Conditions with which 
these tests were performed can be found in Appendix E. Summary of the metal scans is 
presented in Table 6. Detailed analytical results are presented in Appendix E. 

Table 6: Metals in Treated Blackwater Samples 

 
Treatment Scenario coding: 24H: 24 hr quiescent settling alone; 24H-FLOCC: Flomin 920 (3 mg/L) addition 
followed by 24 hr quiescent settling; 8H-Fe-Lime: 10 mg/L Fe3+, at pH 8.5 with lime, followed by 8 hrs of settling. 
n.m. = not measured 
 
The analytical results suggest that the metal content of all treated samples do not pose a 
concern. All metals regulated by MMER were measured at levels considerably below their 
respective limits. Adding ferric sulphate and lime to pH 8.5 followed by 8 hours of settling 
yielded the lowest levels of MMER regulated metals.  

24H
24H-

FLOCC
24H

24H-
FLOCC

Total Total Total Dissolved Total Total Total Dissolved

Aluminum (Al) 0.062 0.059 0.025 <0.030 0.290 0.180 0.019 <0.030

Antimony (Sb) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Arsenic (As) 0.003 0.003 <0.001 0.002 0.002 <0.001 0.50

Barium (Ba) 0.004 0.004 0.003 0.007 0.006 0.004

Beryllium (Be) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Bismuth (Bi) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Cadmium (Cd) <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002

Calcium (Ca) 10.0 10.0 34.0 3.9 3.9 28.0

Chromium (Cr) < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005

Cobalt (Co) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Cooper (Cu) 0.004 0.011 0.008 0.007 0.003 0.002 0.30

Iron (Fe) 0.063 0.060 0.270 <0.100 0.430 0.280 0.270 <0.100

Lithium (Li) < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010

Magnesium (Mg) 1.70 1.70 1.70 0.76 0.76 0.86

Manganese (Mn) 0.005 0.008 0.008 0.015 0.008 0.002

Mercury (Hg) <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001 0.0001

Molybdenum (Mo) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Nickel (Ni) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.50

Lead (Pb) <0.0005 <0.0005 <0.0005 0.0010 0.0008 <0.0005 0.20

Potassium (K) 1.00 0.99 0.97 0.98 0.95 1.10

Selenium (Se) <0.003 <0.003 <0.003 <0.003 <0.003 <0.003

Silicon (Si) 6.3 6.2 4.3 7.7 7.7 5.0

Sodium (Na) 3.9 3.9 3.8 2.8 2.9 2.9

Strontium (Sr) 0.059 0.059 0.070 0.040 0.040 0.048

Thallium (Tl) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Zinc (Zn) 0.012 0.012 <0.007 0.010 0.009 <0.007 0.50

MMER 
monthly 
average 

limit 

8H-Fe-LIME8H-Fe-LIME

n.m.

Parameter 

mg/L

n.m.

n.m.

n.m.

8H-Fe-LIME

Treated DS-1 Treated R1 
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Settling results show that a 1-day retention time in a settling pond may be sufficient to allow the 
site runoff to meet the TSS limit of 15 mg/L. The results varied between the two collected 
samples and the actual construction runoff may contain greater concentrations of TSS than 
those collected on site in 2013. Ferric sulphate addition showed excellent results and is 
expected to properly treat construction runoff from the site in worse conditions, if these occur.  

4.4 Solids Production 

The solids produced during testing were measured at the end of most tests. The bulk of the 
mass of solids produced is from the TSS themselves and will vary as per the variability of the 
runoff. The raw waters from these tests contained approximately 0.15 g/L of solids. With a 
coagulant and lime added, this will increase marginally. The best available estimate of solids 
production that can be obtained from these samples is a conservative value of 0.2 g/L or 0.2 
kg/m3 of treated water.  

The corresponding sludge volumes were difficult to quantify in the laboratory due to the small 
volume formed from a 1-L sample. To convert the mass of sludge produced to a volume, an 
estimate of solid content of the settled solids is required. Through experience with similar 
projects, 2 to 6% solids are expected. This represents 3 to 10 L of sludge formed in the pond 
per cubic meter of water treated (or 3 to 10 m3 per 1000 m3).  

These values can be used to estimate the rate of filling in the ponds by factoring in the total 
predicted runoff over a period of time. Depending on the pond configuration, the frequency 
required for pond dredging can then be scheduled in advance. Obviously, a smaller pond will 
need to be dredged more frequently than a large one.  

4.5 Toxicity Testing  

Although results indicate that settling alone may allow Blackwater to meet discharge limits for 
TSS, the addition of ferric sulphate and lime showed a clear improvement in treated water 
quality and may be required during high-flow events. In order to ensure that the addition of 
reagents to the raw waters would not cause any toxicity concerns, the most effective treatment 
scenario was planned to be repeated with a large volume of raw water.  

To generate the simulated treated water for toxicity testing, 30 litres of each raw water source 
was mixed with ferric sulphate and lime to attain a 10 mg/L iron dosage and a pH of 8.5. The 
treated samples were then allowed to settle for 8 hr. Results are shown in Table 7. 

Following this treatment, the supernatant water quality from R1 was as expected from previous 
tests. As shown in Table 7 for sample Tox1-R, the final TSS was of 1.6 mg/L. The treated water 
from DS1 did not meet expectations and even exceeded the limit of 15 mg/L (Tox1-D). Instead 
of sending this sample for toxicity testing, the sample was re-mixed and another 10 mg/L Fe 
was added (Tox2-D). As shown, this second treatment resulted in a final TSS of 1.2 mg/L, which 
is more than acceptable.  
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Table 7: Preparation of Treated Samples for Toxicity Testing 

 
 Red cell shows a final TSS that exceeded the target level of 7.5 mg/L. 
 

The exact cause of the discrepancy in the settling performance of sample DS-1 is unknown. The 
samples were almost 40 days old by the time they were treated for toxicity testing and had been 
stirred vigorously each time testing was completed. It is possible that attrition of agglomerated 
solids resulted from the repeated agitation of the sample. This initial agglomeration could have 
occurred during sample transport or could represent the natural condition of the solids as they 
are expected on site. It should be noted that the final sample used for toxicity testing did not 
settle in the mixing tank as per previous samples, suggesting that this sample would not have 
met limits by settling alone.  

Whatever the cause, there was no significant effect on the treatability of sample R1. Also, these 
tests showed that if settling becomes difficult, increasing the iron dosage to 20 mg/L will resolve 
the issue.  

After settling, aliquots of the treated supernatant from tests Tox1-R and Tox2-D were sent for 
metal scan analyses. The results are summarized in Table 8 with detailed analytical results 
presented in Appendix F. Large samples of these treated supernatants were sent for toxicity 
testing with the results summarized in Table 9 and details presented in Appendix G.   

The metal scan analyses and toxicity tests showed that treated Blackwater samples met all 
regulations with respect to metal content and toxicity. Therefore, Blackwater samples that have 
been treated with 10 to 20 mg/L Fe3+ to a pH of 8.5 followed by a day of settling in field 
conditions are expected to yield an effluent that is non-toxic and in full compliance with MMER. 

 

 

 

 

 

 

 

 

Fe+3 

Concentration
Lime 

Consumption
Agitation 

Time
Settling 

Time
Final 
ORP

Final 
Conductivit

Final 
Temperature

TSS Turbidity

(mg/L) (mg/L) (min) (h) (mv) (µs/cm) (ºC) (mg/L) (NTU)

Tox1-D DS-1 10 28 5 8 131 172 23 8.6 16.0 5.4

Tox2-D DS-1 20 33 5 8 224 254 23 8.7 1.2 1.2

Tox1-R R1 10 29 5 8 265 126 23 8.4 1.6 0.9

pH
Treatment    

System 

Fe3+           

(Lime pH 
control)

Test
Sample 
Location
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Table 8: Metals in Treated Samples for Toxicity Testing 

 
                           n.m. = not measured 
 

Table 9: Toxicity of Treated Blackwater Samples 

 
(a) Zero immobility with exposure to 100% of the treated sample; (b) Zero mortality with exposure to 100% of 
treated sample. 

 

Total Dissolved Total Dissolved

Aluminum (Al) 0.021 0.020 0.037 0.013
Antimony (Sb) <0.001 <0.001 <0.001 <0.001
Arsenic (As) <0.001 <0.001 <0.001 <0.001 0.5
Barium (Ba) 0.003 0.003 0.004 0.004
Beryllium (Be) <0.002 <0.002 <0.002 <0.002
Bismuth (Bi) <0.001 <0.001 <0.001 <0.001
Boron (B) <0.050 <0.050 0 <0.050 <0.050
Cadmium (Cd) <0.0002 <0.0002 <0.0002 <0.0002
Calcium (Ca) 39.0 39.0 17.0 16.0
Chromium (Cr) <0.005 <0.005 0 <0.005 <0.005
Cobalt (Co) <0.001 <0.001 <0.001 <0.001
Cooper (Cu) 0.002 0.002 0.002 0.002 0.3
Iron (Fe) 0.60 0.07 0.74 0.08
Lithium (Li) < 0.010 < 0.010 < 0.010 < 0.010
Magnesium (Mg) 2.10 2.00 0.88 0.80
Manganese (Mn) 0.005 0.002 0.006 0.001
Mercury (Hg) <0.00001 n.m. <0.00001 n.m. 0.0001
Molybdenum (Mo) <0.001 <0.001 <0.001 <0.001
Nickel (Ni) <0.002 <0.002 <0.002 <0.002 0.5
Lead (Pb) <0.0005 <0.0005 <0.0005 <0.0005 0.2
Potassium (K) 1.40 1.30 1.10 0.98
Selenium (Se) <0.003 <0.003 <0.003 <0.003
Silicon (Si) 3.40 3.30 6.40 6.20
Silver (Ag) <0.001 <0.001 <0.001 <0.001
Sodium (Na) 4.40 4.20 3.10      2.90       
Strontium (Sr) 0.079 0.083 0.053 0.047
Thallium (Tl) <0.002 <0.002 <0.002 <0.002
Titanium < 0.010 < 0.010 < 0.010 < 0.010
Uranium (U) <0.001 <0.001 <0.001 <0.001
Vanadium (V) 0.003 0.002 0.004 0.003
Zinc (Zn) 0.007 <0.007 <0.007 <0.007 0.5

mg/L

Parameter 

Treated DS-1 Treated R1 MMER 
monthly 
average 

limit 

TOX2-DS-1 TOX1-R

Daphnia EC50
Rainbow 

Trout

(mg/L) (h) % Single point 

Tox2-D DS-1 10 8.7 > 100 (a) Not toxic(b) 

Tox1-R R1 20 8.4 > 100(a) Not toxic(b) 

Fe3+           

(Lime pH 
control)

pH

Fe+3 
Concentration

Settling 
Time

Toxicity 

8

Test
Sample 
Location

Treatment   
System 
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5.0 Full Scale Considerations 

The results from this study show that the only potential concern with the water quality in the 
expected runoff during Blackwater construction is total suspended solids. The test results 
suggest that it will be possible to remove these solids using an engineered pond with a 24-hour 
retention time for the design flowrate. Results suggest that settling alone may allow for sufficient 
TSS removal to meet the target limit of 15 mg/L. Treatment efficiency was considerably 
improved when ferric sulphate was used to coagulate the suspended solids at a pH of 8.5, 
controlled with lime. An iron dosage of 10 mg/L was sufficient for all but one test where a 
dosage of 20 mg/L was required. In practice, optimisation of this dosage in the field will 
determine if 20 mg/L is required.  

Provisions should be made for addition of lime and ferric sulphate to the Blackwater 
construction runoff prior to the inlet of ponds where the overflow will be discharged to surface. 
Test results suggest that settling alone may be sufficient for normal runoff flowrates. The 
addition of ferric sulphate and lime may only be required during high flow events. 

Results also indicate that the addition of a flocculant offers no significant advantage and even 
reduced settling efficiency in some cases.  

6.0 Closing 

We hope that this report meets your expectations. Please do not hesitate to contact the 
undersigned with any questions or for additional information. We thank you for providing us this 
opportunity to offer you our services. 

AMEC Environment & Infrastructure 
A division of AMEC Americas Limited 
 
Prepared by:      Reviewed by: 
  
 
 
  
Usman Khan, M.Eng.  Bernard Aubé, Eng., M.A.Sc. 
Water Treatment Specialist  Service Manager, Water 
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AMEC Environment & Infrastructure 
a division of AMEC Americas Limited 
1868, boulevard des Sources, bureau 400 
Pointe-Claire (Québec)  H9R 5R2 
Tel 514 429-6555 
Fax 514 429-6550 
www.amec.com  

 
 
 
 
 
 
   

 

MEMORANDUM 

To Ryan Todd (New Gold) File no QP 4454 

From Usman Khan (AMEC) 
 

cc Alvaro Paredes (AMEC) 
Bernard Aubé (AMEC) 
 

Tel 514-426-4102 (ext. 300)   

Email Usman.khan@amec.com    

Date June 27th, 2013   

Subject Sampling Guidelines 
 
 

Sampling Guidelines 
 

 Take flowing water, not stagnant (ditch, culvert, dam spillway…). 
 Ensure not to collect bottom sediment. 
 Use judgment – which water would be most likely to represent what is expected in the 

long term?  
 The water must be dirty/contaminated, otherwise there is no point in testing.  
 Make sure there is no external effects that may cause problems – oil, petrol, or other 

reagent contamination. 
 Make sure the pails (or other containers) are clean – preferably new (and never used for 

gas or oil or reagents). 
 Rinse both the pails and the lid with sampled water (normally 3 rinses, make sure not to 

re-suspend sediments at sampling location).   
 Preferably use snap-on lids with tag to be removed, these are more secure, and many 

Include a seal to minimise the risk of leakage.  
 Fill the pails as much as possible, to minimise reactions with oxygen. 

 
 
 
Prepared by        

 
 
 

Usman Khan, M. Eng. 
Wastewater Specialist 
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Characterisation and Treatment Protocols 

The protocols below were used to characterize and treat received Blackwater samples. All 
treatment tests were performed with the laboratory setup shown in Figure B1. 

 

Figure B1: Laboratory set-up 

Runoff Water Characterisation: 

1. Combine the raw water samples and mix vigorously 

2. Take well mixed samples to measure turbidity and TSS 

3. Measure temperature, pH, conductivity and ORP  

4. Take a sample of non-filtered water and a sample of filtered water (through 0.45 µm 
filter) for ICP-MS scan by an accredited external lab 

5. Take a sample of non-filtered water and a sample of filtered water (through 0.45 µm 
filter) for Hg cold vapour AA assay by an accredited external lab 

6. Take a sample of non-filtered water for TSS analysis by an accredited external lab 

 



 

Phase 1 Flocculant Screening Protocol: 

1. Transfer 0.5 L of well mixed raw water into a 0.6 L beaker  

2. Agitate the sample with a stirrer 

3. Measure the initial pH of the sample 

4. Add the 3 ml of 0.05% of flocculant, if required, into the raw water 

5. Mix the slurry for 5 minutes 

6. Record the pH 

7. Allow the slurry to settle for 1 hour for all tests 

8. Take a 20 mL sample of the supernatant to measure turbidity 

9. Repeat test for all conditions listed in the table below: 

 

 

Phase 2 Flocculant Dosage Optimization: 

1. Transfer 0.5 L of well mixed raw water into a 0.6 L beaker  

2. Agitate the sample with a stirrer 

3. Measure the initial pH of the sample 

Volume
Flocculant 

Concentration
Agitation 

Time

(mL) (mg/L) (min)

R0-D DS-1 NA None - Raw NA NA

F1-D DS-1 500 None 0 5

F2-D DS-1 500 MagnaFloc 1011 3 5

F3-D DS-1 500 ZFlocc 558 3 5

F4-D DS-1 500 MagnaFloc 155 3 5

F5-D DS-1 500 Flomin 905 MC 3 5

F6-D DS-1 500 MagnaFloc 10 3 5

F7-D DS-1 500 MagnaFloc 368 3 5

F8-D DS-1 500 MagnaFloc 351 3 5

F9-D DS-1 500 Flomin 920 MC 3 5

R0-R R1 500 None - Raw NA NA

F1-R R1 500 None 0 5

F2-R R1 500 MagnaFloc 1011 3 5

F3-R R1 500 ZFlocc 558 3 5

F4-R R1 500 MagnaFloc 155 3 5

F5-R R1 500 Flomin 905 MC 3 5

F6-R R1 500 MagnaFloc 10 3 5

F7-R R1 500 MagnaFloc 368 3 5

F8-R R1 500 MagnaFloc 351 3 5

F9-R R1 500 Flomin 920 MC 3 5

Test
Sample 
Location

Flocculant



 

4. Add the 1 or 2 or 3 or 5 ml of 0.05% of flocculant, if required, into the raw water 

5. Mix the slurry for 5 minutes 

6. Record the pH 

7. Allow the slurry to settle for 1 hour for all tests 

8. Take a 20 mL sample of the supernatant to measure turbidity 

9. Repeat test for all conditions listed in table below: 

 

 

Phase 3 Coagulant and Flocculant treatment: 

1. Transfer 1.5 L of well mixed raw water into a 2 L beaker  

2. Agitate the sample with a overhead stirrer 

3. Measure the initial pH, conductivity, ORP and temperature of the sample 

4. If required, add appropriate volume of ferric sulphate solution to achieve ferric dosages 
of 10 mg/L. 

5. If required, adjust the pH of solution to 8.5 with lime or caustic.  

6. Mix the slurry for 5 minutes and, if relevant, note the amount of lime or caustic required 
to maintain the pH set point for this duration. 

7. If required, add the appropriate mls of 0.05% flocculant into the raw water to achieve 
optimized dosage 

Volume

(mL)

R0-D DS-1 NA None-Raw NA
D1-D DS-1 500 None 0
D2-D DS-1 500 1
D3-D DS-1 500 2
D4-D DS-1 500 3
D5-D DS-1 500 5
D6-D DS-1 500 1
D7-D DS-1 500 2
D8-D DS-1 500 3
D9-D DS-1 500 5
R0-R R1 NA None-Raw NA
D1-R R1 500 None 0
D2-R R1 500 1
D3-R R1 500 2
D4-R R1 500 3
D5-R R1 500 5
D6-R R1 500 1
D7-R R1 500 2
D8-R R1 500 3
D9-R R1 500 5

Sample 
Location

Flocculant
Flocculant 

Concentration

Flomin 920 MC

MagnaFloc 351

Flomin 920 MC

MagnaFloc 351

Test



 

8. Mix the slurry for 5 minutes 

9. Allow the slurry to settle for 1 hour or 8 hours or 24 hours  

10. Take a 20 mL sample of the supernatant with a syringe just below the surface of the 
water to measure turbidity 

11. Take another 200 or 250 mL sample of the supernatant with a syringe just below the 
surface of the water for TSS determination 

12. Note the final measurements for pH, conductivity, ORP and temperature 

13. Filter the rest of treated slurry on a pre-weighed Whatman filter paper #40 to measure 
the solids production 

14. Dry the paper and solids at 70oC until constant weight and calculate solids production 

15. Repeat test for all conditions listed in table below: 

 

 

 

 

Flocculant 
Concentration

Fe+3 

Concentratio
Agitation 

Time

(mg/L) (mg/L) (min)

R0-D DS-1 None-Raw NA NA NA

T1-D DS-1 None 0 0 5
T2-D DS-1 Flomin 920 MC 3 0 5
T3-D DS-1 Fe3+ (Lime pH control) 0 10 5
T4-D DS-1 Fe3+ (Caustic pH control) 0 10 5
T5-D DS-1 None 0 0 5
T6-D DS-1 Flomin 920 MC 3 0 5
T7-D DS-1 Fe3+ (Lime pH control) 0 10 5

T8-D DS-1 Fe3+ (Caustic pH control) 0 10 5
T9-D DS-1 None 0 0 5
T10-D DS-1 Flomin 920 MC 3 0 5
T11-D DS-1 Fe3+ (Lime pH control) 0 10 5

R0-R R1 None-Raw NA NA NA
T1-R R1 None 0 0 5
T2-R R1 Flomin 920 MC 3 0 5
T3-R R1 Fe3+ (Lime pH control) 0 10 5

T4-R R1 Fe3+ (Caustic pH control) 0 10 5
T5-R R1 No 0 0 5
T6-R R1 Flomin 920 MC 3 0 5
T7-R R1 Fe3+ (Lime pH control) 0 10 5

T8-R R1 Fe3+ (Caustic pH control) 0 10 5
T9-R R1 No 0 0 5
T10-R R1 Flomin 920 MC 3 0 5
T11-R R1 Fe3+ (Lime pH control) 0 10 5

Test
Sample 
Location

Treatment       System 
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Material Safety Data Sheet 
 

FERRIC SULFATE
 

1.  CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

Product Name: FERRIC SULFATE 
Synonyms: Iron (III) Sulfate
Chemical Family: Inorganic salt
Application: Water treatment (potable and waste water). Odor removal.
 

  
2.   COMPOSITION/INFORMATION ON INGREDIENTS

 
Ingredients Percentage 

(W/W)
LD50s and LC50s Route & Species:

Ferric sulfate 
10028-22-5

40-70 Oral LD50 (Rat) = 500 mg/kg

Sulphuric Acid 
7664-93-9

1-5 Oral LD50 (Rat) 2140 mg/kg 
Inhalation LC50 (Rat) 510 mg/m3 (2-hour exposure) 
LC50 (Rat): 255 mg/m3 (equivalent 4-hour exposure) 

LC50 (Mouse): 160 mg/m3 (equivalent 4-hour exposure). 

 
Note: No additional remark.
 

3.   HAZARDS IDENTIFICATION
Potential Acute Health Effects: 
Eye Contact: Causes moderate eye irritation.
Skin Contact: Causes moderate skin irritation.
Inhalation: May irritate mouth, nose, and throat. Inhalation of mist will irritate mucous membranes.
Ingestion: May be harmful if swallowed.
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Emergency contact: 613-996-6666 (Canutec 24h)

Supplied By:  

 

CNS Inc.

159 Père Divet

Sept-îles, Qc

Tel: 418-932-5876   FAX: 418-968-3917
G4R 3P5

Revision date: 20/04/2011
 



4.   FIRST AID MEASURES
Eye Contact: In case of contact, or suspected contact, immediately flush eyes with plenty of water for at least 15 minutes 
and get medical attention immediately after flushing.
Skin Contact: Flush skin with large amounts of water.  If irritation persists, get medical attention. Remove contaminated 
clothing and launder before reuse.
Inhalation: Remove person to fresh air. If not breathing, give artificial respiration. If breathing is difficult, get immediate 
medical attention.
Ingestion: Do NOT induce vomiting. Never give anything by mouth to an unconscious or convulsing person. Seek 
immediate medical attention. If vomiting occurs spontaneously, keep head below hips to prevent aspiration of liquid into 
the lungs.
Notes to Physician: Treatment based on sound judgment of physician and individual reactions of patient. 
 

5.   FIRE FIGHTING MEASURES
Flash Point: None.
Flash Point Method: Not applicable.
Autoignition Temperature: Not available.
Flammable Limits in Air (%): Not Available.
Extinguishing Media: Use extinguishing media appropriate for surrounding fire.
Special Exposure Hazards: Under fire conditions, toxic, corrosive fumes are emitted. Sulfuric acid could react with metal 
to produce hydrogen.
Hazardous Decomposition/Combustion Materials (under fire conditions): Oxides of sulphur.  
Special Protective Equipment: Wear protective clothing and self-contained breathing apparatus.
NFPA RATINGS FOR THIS PRODUCT ARE:  HEALTH 2, FLAMMABILITY 0, INSTABILITY 1 
HMIS RATINGS FOR THIS PRODUCT ARE:  HEALTH  2, FLAMMABILITY  0, REACTIVITY  1
 

6.   ACCIDENTAL RELEASE MEASURES
Personal Precautionary Measures: Ventilate spill area if possible.  Wear appropriate protective equipment.
Environmental Precautionary Measures:  Prevent entry into sewers or streams, dike if needed. Notify the appropriate 
authorities.
Procedure for Clean Up:  Stop leak only if safe to do so. Isolate hazard area and restrict access. Neutralize with lime 
slurry, limestone, or soda ash. This will generate carbon dioxide, so additional ventilation may be necessary. Absorb with 
an inert dry material and place in an appropriate waste disposal container. Flush area with water to remove trace residue.
 

7.   HANDLING AND STORAGE
Handling: Avoid breathing vapors, mist, fume or dust. Avoid contact with eyes, skin and clothing. Handle and open 

containers with care. Use caution when handling any chemical substance. Keep the containers closed when not in use. 
Empty containers may contain hazardous product residues. When cleaning, decontaminating or performing maintenance 
on tanks, containers, piping systems and accesories, and in any other situations where airborne contaminants and/or dust 
could be generated, use protective equipment to protect against ingestion or inhalation. Hepa or air supplied respirator, full 

Tyvek coveralls with head cover,  or chemical suits, gloves and boots are suggested.
Storage: Store in a cool, dry, well ventilated area. Do not store in metal containers, because the metal will dissolve and 
generate hydrogen. Vent rubber lined steel containers to avoid pressure build up if the lining fails. Avoid storage with 
incompatible materials. Keep containers tightly closed. Store only in dry rubber-lined, plastic, FRP or stainless steel (304, 
316). Store between 10°C (50°F) - 30°C (86°F). Product should be used within one (1) year.
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8.   EXPOSURE CONTROLS/PERSONAL PROTECTION
Engineering Controls: 
Local exhaust ventilation as necessary to maintain exposures to within applicable limits.
Respiratory Protection: If airborne concentrations exceed the Occupational Exposure Limit, use a NIOSH/MSHA 
approved full facepiece respirator with acid gas cartridges. 
Gloves: 
Impervious gloves. Neoprene gloves.
Skin Protection: Skin contact should be prevented through the use of suitable protective clothing, gloves and footwear, 
selected for conditions of use and exposure potential. Consideration must be given both to durability as well as permeation 
resistance.
Eyes: Chemical goggles; also wear a face shield if splashing hazard exists.
Other Personal Protection Data: Ensure that eyewash stations and safety showers are proximal to the work-station 
location.
 

Ingredients Exposure Limit - ACGIH Exposure Limit - OSHA Immediately Dangerous 
to Life or Health - IDLH

Ferric sulfate 1 mg/m3 Not available. Not Available.

Sulphuric Acid 0.2 mg/m3 TLV-TWA 1 mg/m3 TWA 15 mg/m3

  
9.   PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Liquid.
Colour: Reddish Brown
Odour: Acidic
pH  <2.0
Specific Gravity: 1.38 - 1.59
Boiling Point: 110°C 
Freezing/Melting Point:  <-32°C
Vapour Pressure:  Not Available.
Vapour Density:  Not Available.
% Volatile by Volume: ~50
Evaporation Rate:  Not Available.
Solubility:  Soluble in water.
VOCs: Not Available.
Viscosity: Not Available.
Molecular Weight:  Not Available.
Other:  Not Available.
 

10.   STABILITY AND REACTIVITY
Chemical Stability: Stable.
Hazardous Polymerization: Will not occur.
Conditions to Avoid: Excessive heat.
Materials to Avoid: Strong acids. Strong bases. Corrosive to some metals. Strongly corrosive to mild steel.
Hazardous Decomposition Products: Thermal decomposition above 600°C will evolve toxic and irritant vapors (sulfur 
oxides).
Additional Information: 
No additional remark.
 

11.   TOXICOLOGICAL INFORMATION
Principle Routes of  Exposure
Ingestion: May be harmful if swallowed.
Skin Contact: Causes moderate skin irritation.
Inhalation: May irritate mouth, nose, and throat. Inhalation of mist will irritate mucous membranes.
Eye Contact: Causes moderate eye irritation.
 
Additional Information:  
Acute Test of Product: 
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Acute Oral LD50: Not Available.
Acute Dermal LD50: Not Available.
Acute Inhalation LC50: Not Available.
 
Carcinogenicity: 
 

Ingredients IARC - Carcinogens ACGIH  - Carcinogens 
Ferric sulfate Not listed. Not listed.

Sulphuric Acid Group 1 A2

 
Carcinogenicity Comment: Epidemiological studies of workers chronically exposed to sulfuric acid have suggested an 
increased risk for upper respiratory cancers. The International Agency for Research in Cancer has concluded that 
occupational exposure to strong inorganic acid mists containing sulphuric acid is carcinogenic to man, however, sulfuric 
acid itself is not considered a confirmed human carcinogen at this time. The epidemiological studies which provided the 
basis for the IARC assessment were confounded by exposure to alkyl sulphates (known animal carcinogens), other 
chemicals, and smoking. Based on the evidence from all human and animal studies, no definative relationship has been 
shown between increased risk of respiratory tract cancer and sulfuric acid alone. Sulfuric acid can react with other 
substances to form mutagenic and possibly carcinogenic products such as alkyl sulfates. 
 
Reproductive Toxicity/ Teratogenicity/ Embryotoxicity/ Mutagenicity: Not Available.
 

12.   ECOLOGICAL INFORMATION
Ecotoxicological Information: 
 

Ingredients Ecotoxicity - Fish Species 
Data

Acute Crustaceans Toxicity: Ecotoxicity - Freshwater 
Algae Data

Ferric sulfate LC50 96 h (Gambusia affinis) 
37.2 mg/L static

Not Available. Not Available.

Sulphuric Acid LC50 (Brachydanio rerio) 500 
mg/L 

LC50 (Oncorhynchus mykiss) 
2.8 ug/L (96hr)

Not Available. Not Available.

 
Other Information:  
No additional remark.
 

13.   DISPOSAL CONSIDERATIONS
Disposal of Waste Method: Any residues and/or rinse waters from cleaning of tanks, containers, piping systems and 
accessories may be a hazardous characteristic waste and must be properly disposed in accordance with all federal,  
provincial and local laws.
Contaminated Packaging: Empty containers should be recycled or disposed of through an approved waste management 
facility.
 

14.   TRANSPORT INFORMATION
DOT (U.S.): 
DOT Shipping Name: CORROSIVE LIQUID, ACIDIC, INORGANIC, N.O.S. (FERRIC SULFATE)
DOT Hazardous Class  8
DOT UN Number:  UN3264
DOT Packing Group: III
DOT Reportable Quantity (lbs): Not Available.
Note:  No additional remark.
Marine Pollutant: No.
 
TDG (Canada): 
TDG Shipping Name: CORROSIVE LIQUID, ACIDIC, INORGANIC, N.O.S. (FERRIC SULFATE)
Hazard Class: 8
UN Number: UN3264
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14.   TRANSPORT INFORMATION
Packing Group: III
Note: No additional remark.
Marine Pollutant: No.
 

15.   REGULATORY INFORMATION
U.S. TSCA Inventory Status: All components of this product are either on the Toxic Substances Control Act (TSCA) 
Inventory List or exempt.
 
Canadian DSL Inventory Status: All components of this product are either on the Domestic Substances List (DSL),  the 
Non-Domestic Substances List (NDSL) or exempt. 

 
Note:  Not available.
 
U.S. Regulatory Rules  
 

Ingredients CERCLA/SARA - Section 
302:

SARA (311, 312) Hazard 
Class:

CERCLA/SARA - Section 
313:

Ferric sulfate Not Listed. Listed Not Listed.

Sulphuric Acid Listed Listed Listed

 
California Proposition 65: Not Listed.
MA Right to Know List: Listed.
New Jersey Right-to-Know List: Listed.
Pennsylvania Right to Know List: Listed.
 
WHMIS Hazardous Class:
E    CORROSIVE MATERIAL
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Certificates of Analysis – Raw Water  







































Appendix E 

Metals in Treated Blackwater Samples 



Metals in Treated Blackwater Samples Following Some Phase 3 Test 

 

 

 

The following phase 3 tests were repeated with the purposes of generating treated samples that could be submitted for metal scan analysis: 

Flocculant 
Concentration

Ca(OH)2
NaOH 
(1.0 N)

Fe+3 

Concentration
Agitation 

Time
Settling 

Time
Final 
ORP

Final 
Conductivity

Final 
Temperature

Turbidity

(mg/L) (mg/L) (mL) (mg/L) (min) (h) (mv) (µs/cm) (ºC) (NTU)

1H-Fe-LIME Fe3+ (Lime pH control) 0 37 0 10 5 150 194 24 8.5 5.4
1H-Fe-NaOH Fe3+ (Caustic pH control) 0 0 1.5 10 5 150 208 24 8.5 4.0

8H-Fe-LIME Fe3+ (Lime pH control) 0 45 0 10 5 146 214 23 8.5 0.7
24H Settling Alone 0 0 0 0 5 342 97 24 6.1 1.9

24H-FLOCC Flomin 920 MC 3 0 0 0 5 324 94 24 6.3 1.4

1H-Fe-LIME Fe3+ (Lime pH control) 0 36 0 10 5 186 143 23 8.6 2.4

1H-Fe-NaOH Fe3+ (Caustic pH control) 0 0 1.3 10 5 154 167 24 8.4 3.0

8H-Fe-LIME Fe3+ (Lime pH control) 0 46 0 10 5 206 171 23 8.5 0.6
24H Settling Alone 0 0 0 0 5 281 42 24 6.8 8.1

24H-FLOCC Flomin 920 MC 3 0 0 0 5 293 41 24 6.9 6.1

DS-1

R1

24

pH

1

8

24

1

8

Test
Sample 
Location

Treatment  System 

 

 

 

 

 

 

 



 

The metal scan analyses for samples treated with the tests listed in the table above are summarized in the following table:  

24H 24H-FLOCC 1H-Fe-LIME
1H-Fe-
NaOH

24H 24H-FLOCC
R1-1H-Fe-

LIME
R1-1H-Fe-

NaOH

Total Total Total Total Dissolved Total Total Total Total Dissolved Total Total 

Aluminum (Al) 0.062 0.059 0.092 0.025 < 0.030 0.091 0.290 0.180 0.019 < 0.030 0.041 0.056

Antimony (Sb) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Arsenic (As) 0.0027 0.0027 < 0.001 < 0.001 < 0.001 0.0021 0.0019 < 0.001 < 0.001 < 0.001 0.5
Barium (Ba) 0.0040 0.0039 0.0039 0.0030 0.0028 0.0067 0.0059 0.0035 0.0038 0.0023
Beryllium (Be) < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Bismuth (Bi) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Cadmium (Cd) < 0.0002 < 0.0002 < 0.0002  < 0.0002 < 0.0002 <0.0002 <0.0002 <0.0002 < 0.0002 < 0.0002
Calcium (Ca) 10 10 27 34 9.2 3.9 3.9 28 20 3.2
Chromium (Cr) < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005
Cobalt (Co) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Copper (Cu) 0.0044 0.011 0.0028 0.0084 0.0033 0.0068 0.0033 0.0020 0.0057 0.0096 0.3
Iron (Fe) 0.063 0.06 1.70 0.27 < 0.1 2 0.43 0.28 0.27 < 0.1 1.2 1.6

Lithium (Li) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 
Magnesium (Mg) 1.7 1.7 1.8 1.7 1.6 0.8 0.8 0.9 0.8 0.6
Manganese (Mn) 0.0049 0.0078 0.026 0.0076 0.024 0.015 0.0076 0.0020 0.0087 0.013
Mercury (Hg) < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.0001
Molybdenum (Mo) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Nickel (Ni) < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.5
Lead (Pb) < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.2
Potassium (K) 1.0 1.0 1.5 1.0 1.1 1.0 1.0 1.1 1.2 1.0
Selenium (Se) < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003 < 0.003
Silicon (Si) 6.3 6.2 5.0 4.3 4.8 7.7 7.7 5.0 5.8 5.4
Sodium (Na) 3.9 3.9 3.9 3.8 26.0 2.8 2.9 2.9 2.9 25.0
Strontium (Sr) 0.059 0.059 0.066 0.070 0.05 0.040 0.040 0.048 0.045 0.026
Thallium (Tl) < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Zinc (Zn) 0.012 0.012 0.01 < 0.007 0.02 0.010 0.0085 < 0.007 0.0076 0.021 0.5

n.m.

n.m.

n.m.

8H-Fe-LIME

Metals 

8H-Fe-LIME8H-Fe-LIME

Treated DS-1 Treated R1 

n.m.

MMER limit  

mg/L

 

 



































 

Appendix F 
Certificates of Analysis – Metal Scans of Samples Submitted for Toxicity 

Testing  
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Certificates of Analysis – Toxicity Testing  
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