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Mussel shells Limestone

— Short HRT
N> 3.2 - 3.3 days

.
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Mussel shells Limestone

W ]
Long HRT it
9.8 - 10 days
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3 weeks acclimation (ORP, S%)
20 weeks flow-through treatment
~Weekly sampling
“Tedlar bags...



2 months mterruptlon (1 SO 2= ?1)
21 supplementary weeks treatment
4 reactors only
~Fortnight sampling
“Additional Nutrients and TOC/DOC analyses
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® AMD (influent) B LS-Short HRT - 6.14
2.87 M [S-Long HRT - 6.36

Median pH
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@® AMD (influent) M LS-Short HRT-6.14 A& MS-Short HRT - 6.43
2.87 M [S-long HRT-6.36 & MS-Long HRT - 6.73
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B | S-Short HRT -12.7

B [S-Long HRT -123.4

Median Net Alkalinity

(mg/L CaCO,)
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A \S-Short HRT - 139.4
B [S-Long HRT - 118.2

Median Net Alkalinity
(mg/L CaCO,)
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A \S-Short HRT - 139.4
B [S-Long HRT - 118.2 A VS-Long HRT - 250.2

Median Net Alkalinity
(mg/L CaCO,)
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M | S-Short HRT - -1.3 A |\S-Short HRT - 139.4
B [S-Long HRT - 118.2 A VS-Long HRT - 250.2

Median Net Alkalinity
(mg/L CaCO,)
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M | S-Short HRT > 68%
B [S-Long HRT > 81%
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M | S-Short HRT > 68% A \S-Short HRT > 82%
B [S-Long HRT > 81% A MS-Long HRT > 86%
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M | S-Short HRT > 68% A \S-Short HRT > 82%
B [S-Long HRT > 81% A MS-Long HRT > 86%
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M | S-Short HRT > 68% A \S-Short HRT > 82%
B [S-Long HRT > 81% A MS-Long HRT > 86%
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A MS-Short HRT
A MS-Long HRT
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M | S-Short HRT - 0.79 A \|S-Short HRT - 0.63
M | S-Long HRT - 0.88 A VS-Long HRT - 0.76
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Tedlar bags acted
like ‘lungs’

Strong H,S smell
during sampling
events

GC analysis...



Gas Sample Report of Analysis
Tedlar gas bags sampled by Client.
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Meeasursment atandard:

The test was conductsd with an Agllent 30002 TCD micre gas chromatograph, using CRL Enengy Lids
IN-houss procedurss and SOC Alpha and Beta callbration gassas.

*H2% teated with 3 Crowcom Tetra 3 with no detectable H2S pressnt.
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H,S gas and
dissolved species
escaped with
effluent

Quantification
for mass balance
budget ?!#%



@® AMD (influent) M LS-Short HRT-0.13 A& MS-Short HRT - 0.13
M [S-long HRT-0.12 & MS-Long HRT - 0.14

Reduction
rates
(mol/m3/d)
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® AMD (influent) M LS-Short HRT A MS-Short HRT
B [S-Long HRT A MS-Long HRT
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~2 5g of wet Operational Seq uen t| al

substrate fractions:

sample extractions

(1) Water soluble
species

(2) lon b6-ste PS

exchangeable

1M MQ'CJ'E from FED, MHD, eXtraCtiOn
B process

1M NaOAc (adjusted to pH 5.5 with (3) Carbonate
HOAc) bound

0.04M Hydroxylamine hydroxide in (4) FeO-MnO (4) Am. & “fresh”

25% HOAc. bound O ( O H)

(5) Org/Sulfide
0.02M HNO; and 30% H,0, bound

Conc. HNO; and conc. HCI _ (6) CrySt- & “Old”
O(OH)

Residual
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Al Mn Fe Ni Cu Zn Cd

m Water soluble Exchangeable = Carbonate bound
® FeO-MnO bound = Org/Sulfide bound = Residual
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Al Mn Fe Ni Cu Cd

m Water soluble Exchangeable Carbonate bound
FeO-MnO bound ® Org/Sulfide bound = Residual




What’s next ?!

« Scanning Electron Microscopy (with EDS)

e Sorption tests
batch experiments, pH control,
modelling (?)

« “Carbon species” extractions
EAS, cellulose - hemicellulose, lignin



Conclusions

Waste mussel shells are a sustainable and effective
alternative to limestone In passive treatment systems.

« Greater alkalinity generation

« Better metal removal (e.g. Mn)
« Greater nutrient and organic carbon source

Long HRT resulted in a better overall treatment.
Short HRT (i.e. mussel shells) was sufficient to
remove > 80% metals and raise pH > 6 for more than

40 weeks -> intermediate HRT ?

Upward-flow design maintained reducing conditions
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Substrate

Mussel shells mix Limestone mix Recom.

Porosity 0.51 0.49 0.35-0.65

Keat (cm/sec) 6.3 107 9.7 *¥10 10%- 107
MS—Short MS—Long| LS-Short LS-Long
3.3 10 3.2 9.8 variable

nHRT(days)

* 3 weeks batch-mode
» Microbial population growth and acclimation
period

* 41 weeks flow-through experiment
» weekly sampling of influent, effluent and pore-
water



Water Quality Guidelines

Al Mn ' Cu Zn Cd

Recreational 02 | 03 01 0.1 | 0.005 400
purpose values

Trigger values

(80% protection) ID ID 3.6 | 0.0025  0.03 | 0.0017 | 0.0008 n/d n/d

Median effluents

MS-S : : 10.16 | 0.1685 0.0204 3.86E-05
MS-L : : 6.70 | 0.0449 0.0175 |1.75E-05
LS-S : : 11.88 | 0.1955 0.0433 |5.12E-05

LS-L : : 8.69 | 0.1805 0.1668 3.34E-05

ID = insufficient data

n/d = not defined TV = In-stream concentrations




PW. ORP (mV)

| |

21 26
Time (weeks)

® AMD (influent) MR |S-Short HRT--115 @& MS-Short HRT --70
465 B LS-long HRT--199 A& MS-Long HRT --216




M [ S-Short HRT - 83.9% A \1S-Short HRT - 90.9%
B [S-Long HRT - 90.6% A MS-Long HRT - 95.2%

©
o

Fe removal (%)
o0
o

~
o

|

20 27
Time (weeks)

|




A MS-Short HRT
A MS-Long HRT

Time (weeks)

2 =
T x

T
T oo
o c
< O
AN
Vv UV
N I |

® AMD (influent)

(7/6n) apyIns "}




® AMD (influent) M LS-Short HRT

~~
—l
~
(@)
=
—
)
]
©
L
Q.
7P
o
e
ol

B [S-Long HRT

Effluent

| | | | |

22 25 28 31 34 37 40
Time (weeks)

A MS-Short HRT
A MS-Long HRT

Pore-water

1

28 31 34 37 40
Time (weeks)




@® AMD (influent)

~—~
-l
~
(@)
&
~
)
s
©
—
=
Z

4

B LS-Short HRT

B [S-Long HRT

Effluent

| | | | |

28 31 34 37 40
Time (weeks)

0

|

A MS-Short HRT
A MS-Long HRT

Pore-water

| | | | |

22

25

28 31 34 37 40
Time (weeks)




® AMD (influent) M LS-Short HRT A MS-Short HRT
B [S-Long HRT A MS-Long HRT

Effluent

)
(@)
£
O
O
—

I I I I

32 34 36 38
Time (weeks)




~2.5g of wet
substrate
sample

v

Residue (1)

A

Residue (3)

v

Residue (4)

A 4

Residual

>

30mi HP water, 2hrs continuous agitation.

16mil IM MgCi2 (near soil pH), 1hr continuous agitation.

16ml 1M NoOAc (adjusted to pH 5.5 with HOAc), Shrs
continuous agitation.

40mi 0.04M Hydroxylamine hydroxide in 25% HOAc,
4hrs occasional agitation, 1hr water bath 96C

occasional agitation.

&eémi 0.02M HNO3 and 10mi 30% H202 (adjusted at pH
2 with conc. HNO3) - 1hr room temp. occasional
ggitation, 2hrs water bath 85C occasional agitation.
Extra 6ml 30% H202 (pH 2} — 3hrs water bath 85C
occasional agitation. When cold, add 10mi NH4OAc,
dilute to 40mi with HP water.

Sml conc. HNO3 —digest under gentle reflux, add
conc. HNO3 until digestate is clear. When cold, add
10ml conc. HCI, digestate for ~30min. Cold down and
filtrate using Whatman filter #541.

Operational
fractions:

(1) Water soluble species

(2) lonexchangeable
from FeO, MnO, Org’'s

(3) Carbonate bound

{4) FeO-MnO bound

(S) Org/Sulfide bound




