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Snow removal

Plow into windrows
Remove to snow storage sites

In the past

« empty fields

e along the river

Recent years

 engineered sites,
monitored



e SNoOw storage
e clay liner
e Setting pond
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clay liner

_ environmental protection
local till source

(sand, silt, clay)
compacted to desired K
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e Seftting pond s
L

— sides HDPE, base RCC \
— sediments: / e i :
* 62% clay I 4 f_k\ {a /’ ,:I

e 32% silt ' :

— discharge to storm sewer




sadignant ceeuipnileije pin ‘ettliro ponds at engineered
STIOWASIOTEUETSIIESTENUITES COoStly, malntenanée

After 2 years operation
« removed 20,000 tonnes wet
sediment
e ~ half a million $

e TSS exceedances
e it curtain
 flocculants

 Value Engineering Session

How can we improve the
operational performance and

= o = 7
rage site reduce maintenance costs”



Sreplem Formulation \
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N POSSIPIETOIEIPIIE sedlmel:nts s}attle faster?
o [SITpOSSIbIe to reduce the amotint of sediment?
o \Where,is.the sedlment coming from’?

— snow/pile oriclay| Imer’P \/ =
= o
& \ 5

. Objecti\“Ie -
— Characterize —\e\oond el
— Simulate si s\e@ondltlons observe settling/ behaviour
— |nvestigate potential additives & mitigation strategies

— .-Id@tify primary.soeurce of pend sediment

:”%She;ttling Experiment & Mass Balance
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e variables:

moisture retention 3

cohesion — clay mineralogy
plasticity ﬁﬁ — solution chemistry:
hydraulic conductivity - cations

swelling e charge

soll texture, structure e concentration

erosion, settling * pH




interactions [

*

Salt dissolves in water /
— positive ion and negative ion
NaCl =» Na* + CI-

CaCl, = Ca2+ + 2CI

PRSI
e Clay has a negatlve surface charge

_+ Clay adsorbs positive ions
— cation exchange capacity
1 — sodium adsorption ratio

Thi > AR+ ~ > Ba?* ~ Sr2* > Ca?* > Mg?* > NH,*~ K* > Na*



adsorpediions influence  ~ .
physicaliproperties oficlay.
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« Monovalent ions yield a thick DDL e Particles with thick DDL tend to
— hydrated radius DISPERSE

— charge density

, s ) « Particles with a thin DDL tend to
e cations with higher charge yields FLOCCULATE

thin DDL
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o Settling rates:
— Increase with increasing cationic charge
(Al** > Ca?* > Mg?* > K* > Na*)
but also...
— Increase with ionic strength (salt concentration)

T s Al |
* Particles that resist settling are susceptible
to erosion.

— physical disturbance + wet conditions
flow velocity, rain, equipment, wind

— disperse into suspension,
— stay suspended longer,
— transport further.
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Pond sediment:

| Shake with water and salt
*‘*:‘ ~ solutions;

: ; ' : '
- . Observe settling behavior
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- over a 24 hour period.
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Adapted the standard
hydrometer test for
grain size analysis.




Setlling Test

deionized water

4~ A 4 A dust abatement and stabilization

D IR sddive for unpaved roads,doice

B A=A fertilizer and amendment to improve
150 1,500 o
! sodic soils
Caso,-2H,0 Ml

A coagulant that is effective in the
a|um absorption and precipitation of
3064 3,640 naturally occurring negatively
KAl(SO4)2°12HZO charged colloidal material (e.g. clay
and silt) from surface waters.



Increasing ionic charge
-
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. ow concentrations:

Settling improves
with increasing ionic
charge

Settling time:
30 — 60 minutes

=

= | sum
P NaCl ayp cacl, alum

: S 330mg/l  (CaS0,2H;0) 364 mgl/l
e 9 150 mg/l 313 mgfl



Increasing ionic charge
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- High concentrations:

| Settles well,
- regardless of ionic charge

Concentration increases, ions in
solution are closer together, collapses
the DDL

x10 higher concentration

Rj‘aql_ : Hoseim " CaCl alum S . . . .
CaS0O,.2H 2 ettling time: 30 — 60 minutes
3330 mg/ . (Ca 4'rﬁ'gzli0} ey 3640 mg/| 9



Simulated site: conditions

NELE | f \x\
i x:-""-ff}lh

High concentration settled well

‘clean’ water settled the most
slowly, remained turbid for
duration of test

deionized NaCl NaCl
water 330 mg/L 3300 mg/L



PETiorIMance obsernved inthedield .

—&— Electrical Conductivity (uS/cm at 25 C)
—B— Total Suspended Solids (mg/L)
—a— Chloride (mg/L)

v

2007 environmental monitoring data,
17t Street, weir outlet




—— water

—— NacCl (330 mg/l) L

NaCl (3300 mg/l)

CaCl2 (313 mgll)

0.02 (T - < —%—CaCl2 (3130 mg/l) ||
—@— gypsum (150 mg/l)
0.015 -
\X\ \ —+— gypsum (1500 mg/l)
0.01 alum (364 mg/l) 2
\ \ \ alum (3641 mg/l)
0.005
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Differential specific gravity

100

Time (minutes)

Thé majority of
settling took place
during the first hour

Except for water,
which remained
turbid for duration
the test.



. Source of pond sedlments’7
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IS It a design problem’?
or
Just the way it iIs? a cost of
doing business?
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VIass Balance
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= liners h:" :\/
?.#\tl‘afflclféed 5‘nh'?]on~tr fficked areas
~spnowpil 4
:{: —gramé{jdistribution

s clayumineralogy
I fmld?écords

=

- "~ _ (snow volumes, sand application
= rates, sand recycle recoveries, etc.
S R



O clay
O silt

M sand
@ gravel

pond sediment
pond sediment
solids from
snow pile
liner (traffic)
liner (no traffic)

Preferential transport of clay




e
Clay mineralogy

Sample %

kaolinite illite smectite

pond sediment 1 not observed

compacted clay till liner
(trafficked area)

31 0

compacted clay till liner
(no traffic area)

snow pile sediment

i
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Clay minerals illite and kaolinite preferentially transport.
Smectite does not transport (swelling clay).
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| 1.
2.
3.
4.

Viassibalance f \

N
Limiting variable: illite & kaolinite

Mass of street sand applied

20,000 tonnes (wet) removed in 2007

Estimate

- 70% of applied road sand recovered and recycled.
- Assume 30% recovered with snow, no losses.

Snow removal inventories, include public contributions.



setLvng ﬁond Cléy/
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' CGalculations likely over-estimate the snow pile contributions.



OpEratenal ImpllcatlonSK
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S USeNieldimoenitoringjdata opréfl{ct S\S
Whenrsalbconcentrations: in runoff are. h1gh
s expect low TSS

— \When salt cmﬁc‘entratlohs are low

o expeg_f‘s"édI@p\\rf nigh TSS

. minlmlzg de nce
* |ncrease retentlon time to reduce TSS

= divalent cation amendments may help
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T o Sediment impoundment (“primary retention pond”)

R Berms: retain sediment-laden water to allow
settling, control location of deposition.



StUimman/ of test results/ \

=HEIORNINEE | Nmprove settlrng / L J\
INacCl|isetiled slowly A

= \Waters=aINasrich sedimept IS WQ;I performer
— VoSt settlrng%ccurre“d durrhg,«ﬁrst noeur:.

Increase‘*cat@\Mprove settiing.

= preferen a\ransport of clay,
- elllite. & ka Ir_nrte

. — 20% snow. pile

~y s ] :
— 80% eresion of clay liner
iy * “infinite source”

= —_



lusions -

Worst-case scenario for erosion and TSS e
« Na* +clay
* Low conductivity meltwater & rain
e Physical disturbance
« Clay particles repel each other, disperse, resist settling
 Encourages erosion and transport of clay minerals
ST
Design problem: unsuitable application of technology
« clay liner for environmental protection:
o diffusion dominated environment
e undisturbed
e not a trafficable or erosion resistant surface
» incompatible materials selection
: e Wwaste interaction with construction materials
» Site operations (running water, equipment)
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Design Modifications
« choose alternate materials
o clay-free, low-fines
and/or
e |solate liner from surface with an erosion-
resistant, trafficable surface

AV~ R g

Hard surface
- » reduce erosion & sediment transport

« significantly reduce clean-out costs (by >80%)
| » easier to recover and recycle snow-pile sand
“» reduce environmental impacts

e cost
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