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1. INTRODUCTION

Rowan Williams Davies & lrwin Inc. (RWDI) was rctained by Laidlaw Environmental
Services Linuted (Laidlaw) lo undenake an assessnient of Posi-Shell, a cover material. to reduce air
cinissions of volatile organic compounds (VOC's), aldehydes, kelones and alcohols from the
cxposed.\msle at Laidlaw's Corunna Facility. Posi-Shell is described by its supplier as an agprepate
of (recycled) cementitious mineral binder, liquid (water), recycled plastic and cellulose fibres. After
curing, the cover is considered (o providg an non-permeable cover over the exposed waste,

minimising any chemical emissions.

Pl BN

The objectives of this study was 10 provide an independent assessment of the cover’s ability

10 surpress odourous emissions up to three weeks after application.

The basic 1asks undeniaken in this study are described below:

. select three sampling locations on the exposed waste at the pit face of the land{ill;

. deterimine 1he emission rate of target compounds, prior to application, using an isolation fhux
chamber;

. determine the emission rates of the twrget compounds one day, two days, one weck. two

weeks and ithree weeks after application; and

. assess the emission reductjon efficiency of the foam.
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2. METHODOLOGY

2.1 Selected Target Compounds

Table 1 presents the list of selected target compounds. The list was based on sampling and

headspace analysis conducted by Laidlaw at three Test-Bucket locations on the landfill pit face (Pit

Cell #17) during July 11 and 14,. 1997 [1]. Figure 1 shows a site map with the three sample

locations. Shows a site plan of the facility including the three sample locations The list represents

a cross-section of contaminants that are common to the waste stream at the Corunna facility.

Table 1:  List of Target Compounds..

Acclone o-Xylene

Benzene p--m-Xylene

Butancdiol Propanal |
1-Buianol Propanol

2-Butanol Styrene

Butenal Tetrachlorethylene
Chlorobenzene 1.3.5-Trimethyl Benzene i
Cyclohexane 1.2.4-Trimethy] Benzene
Ethyl Benzene 1,2,3-Trimethy] Benzene
Heptane Toluene

Methy1 Ethy] Ketone
2-Methy! Hexane
3-Methyl Hexane
Methy! Isobutyl Ketone
Methyl Pentanone

Acetaldchyde -
Difuro-Fuoran
Dichloromethane
Ethanol

Methyl Butanol

|

2,2 Sampling Protocol

In the original work plan submitted by RWDI to Laidlaw, it was proposed to conduct

continuous VOC measurements over the surface of the pit face, using a PhotoVac MicrﬁSﬁd Model

MP 1001. in order to select locations with significant emissions which were also safely accessible.

These measurcments were conducted on July 22.1997; however, they proved to be inconclusive in

locating areas of peak emissions because of relatively low and uniform VOC concentrations above

RWDI .
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LG

the pit fuce, Therefore. it was duecided 10 locate the sampling points in close proximity to the existing

{aidlaw Tesi-Drum locations (see Section 2.1).

The flux chamber was then used 10 collect samples at these three locations. The flux
chamber is shown schematically in Figure 2. It was constructed according to the designer's
specifications {2]. The chamber is 71 cm in diameter and 31 cm high and is constructed of 14 gauge
stainless steel. All interior and exterior fittings were stainless steel and all lines were made from
Tefon tubing. The chamber was equipped with five exil ports (labelled A to E in Figure 2), air and
waste temperature probes and a chamber differential pressure pauge. The {lux chamber was placed
on the surface of the waste and the botlom edge of the chamber was forced a short depth into (he
waste surfzee. The interface between the chamber and the surface was covered with comimon sand
to provide the best seal possible. The flux chamber was operated under a slight positive pressure o

further prevent outside ajr entering underneath and into the chamber.

The flux chamber was operated within paramelers recon'.xmended by the designers [2]. The
[Tux chamber was purged with ulira-high purity nitropen gas for a minimum of 30 minutes at a rate
ol 17 Vmin (2.83 x 10* m'/s). This removed any residual outside air present in the chamber after
it was placed on the surface of the waste. The purpose of diluting the chamber air was to establish
an squilibrium between pas emissions from the sample surface and the sweep gas entering the
chamber. The purge pas was introduced into the flux chamber using Teflon wbing equipped with
fifteen, 0.6335 mm diameter, downward-facing vent holes. The flow of purge gas (sweep rale) was
regulated vsing a Matheson rotameter, which was calibrated using a Gilibrator automated bubble
meter, which is a primary standard airflow calibrator. The total amount of purged gas introduced
inlo the chamber was such that aboul 99% of the original air was purged from the flux chamber.
Onee the flux chamber had been purped, samples were drawn from the chamber throush the exhaust
port using a sample train consisting of a vacuum pump and a calibrated mass flow controller. The
saniples were collected by on a multi-phase carbon adsorbent TO1 tubes with Tenax provided by
Laidlaw Environmental. The on-site Laidlaw laboratory conducted the analysis for the compounds

shown jn Table 1,
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The concentration for each compound. C, was detennined using Equation 1:

C

MV {(H
where: C = VOC concentration {ngln’).

M = moss on tube (ng): and 7
V = total volume of air sumpled (n?).

The emission {lux rate (ng/m*/s) was determined using Equation 2:

(9
y )

E

where: £ = VOC flux rate (ngln’lsy,
@ = sweep rate of nitrogen hnto the flux chamber = 283 x 107 nr’fe; wnd
A = surfuce area enclosed hy the flux chanmber = 0.40 m™

1]

The flux chamber requires low wind speeds 1o sample praperly. Strong winds may create
a region of Jow pressure on the downwind side of the flux chamber. Winds were light during the

fNlux chamber sampling and no provisions for wind breaks were required.

Assessment of Cover Application to Reduce Air Emissions from Hazardous Waste
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3.1 Sampling Results

3. RESULTS

The site selection and initial sampling, before cover application, was carried out on July 22,

1997, Covering of the pit face (approximately 90% of the exposed waste) was carried out by the

supplier, Landfill Service Corporation, on-July 23. Aficr the cover was applied and the curing

process was underway, sampling was repeated one day (July 24), two days (July 25), onc week (July

31), two weeks (Aupust 7) and three weeks (August 14) afler covering. Secctions 3.1.1 10 3.1.6

presents pertinent sampling information and the resuits. Sections 3.2 presents a summary of the

results and emission reduction efficiency. All field note information taken during the study have

been included in summary tables. All times are given in Eastern Daylight (Savings) Time (EDT).

3.1.1 Site Selection and Pre-Cover Application Sampling

Sample site selection and sampling prior 1o cover application was conducted on July 22.

Table 2 presents a description of the sampling site locations.

Table 2: Sampling Locations.

Sample Number

Localtion : h

Site 1
Site 2
Site 3

Two metres west of Laidlaw Test-Bucket #3
Two metres west of Laidlaw Test-Bucket #2
Yo-metre south of Laidlaw Test-Bucket #1

Assessaent of Coner Application 10 Reduce A Raissions from 1 Tzurdous Wast )
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The sampling parameters (slart time, end time, elc.) are presented in Table 3.

Table3: Sampling Parameters - July 22, 1997,
Parameter Site 1 Site 2 Site 3 ]
Purge Start (hours) 1355 1455 1552
Sweep Rate (I/min) 17.2 17.2 17.2
Sample Slart (hours) 1436 1531 1629 |
Sample End (hours) 1451 1548 1644 1
Sample Flow Rate (m]/min) 300 300 300 -
Iniernal Pressure (“H,0) 0.055 0.050 0.030
Waste Temperature (C) 31 3 36 !1
| Ambient Temperature {C) 25 25 27
Wind Specd (my/s) 2.0 . 2.8 3.0
W -ather Conditions Sunny/Clear | Sunny/Clear | Sunny/Clear
| Sample Tube Number D B E__ |

Table 4 presents the pre-cover samipling results. The table shows the emission rate in ng/mYs

for the tarpet compounds at each sampling location.

RWDI ...

| ezom
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Table 41 Pre-Cover Initial Samphing Results - July

22,1997.
Target Compound Emission Rate (ng/m?/s) |
Site 1 Site2 | Site3 |
Acetone 1.8 26! 14.5
Benzene ) 0.80 0.58 0.96
1-Buianpl 0.641 0.00 1.a4
Butanediol 5.58 0.00 18.8 1
2-Butanol 0.60 0.00 1.9¢ F
Butenal .48 (.00 0.48
I chiorobenzene 0.16 0.00 0.48
Cyclohexane 0.48 g.00 0.48
Ethyl Benzene 4.62 0.73 3.99
5 Icptane 0.0 6.00 0.80
Muthy! Ethyl Ketone 0.48 131 4.15
2-Methyl Hexane (.00 0.00 032
3-Methy) 1lexane .16 0.00 0.64
Methyt tsobiny] Kewone 2.535 13] 320
Methyl Pentanone 2.55 0.00 0.00
o-Nylene 0.96 0.00 0.00
pan-Xylene 7.81 1.74 14.3
Propanal 0.00 0.06 7.81
Propunol 0.00 0.00 0.00
Styrenc 6.86 1.31 5.
Tetrachlorethylene 0,48 0.00 0.7
1,3.5-Trimethyl Benzene .48 D.00 3.5
1,2 3-Trimethyl Benzene .12 0.00 1.43
{.2.3-Trimethyl Benzene .12 0.00 239
Tuluene 13.6 5.51 136
Aceraldehyde 0.00 0.00 0.00
Difuro-Furan 0.00 0.00 0.00
Dichlaromethanc .00 0.00 0.00
Ethangl 0.00 0.00 0.00
Mprethy) Butanol 0.00 0.00 0.00

The table shows that there is some variability between sample sites. This is especially
notceable at sampling Site 2, which generally shows much lower emission rates than the other two
sites. Some species predominate in the emissions, for example, acetone, butandiol, ethyl benzene,

methy} ethyl ketone, methyl isobutyl ketone, xylene, styrene, tetrachloroethylenc and toluene.
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3.1.2 One Day After Cover Application - July 24

Cover was applied o the waste materiol on July 23. Approximately 90% of the pit face was

covered. The cover had “cured” to a stable surface by July 24, but it was still wet in spots and the

cover appeared {o be thin in various locations. It also had a distinct odour. Table 5 presents a

description of the cover at the three sampiing locations.

Table 5:  Deseription of Sampling Locations on July 24.
Sampling Location | Deseription "
Site 1 - Even grey colour ]
- No surface cracks r
- Approximately 2 cm. thick
Site 2 - 10% grey, 90% lime green colour
- Approximately 5% of surface cracked Ii
- Approximately 1.5 em. thick
Site 3 - 90% grey, 5% green colour
[ .
- No surface cracks
- Approximately 1.5 cm. thick
Table § presents the sampling parameters on July 24,
Table &:  Sampling Parameters - July 24
Parameter Site 1 Site 2 Site 3
Purge Start (hours) 0850 1027 1203
Sweep Rate (I/min) 17.2 17.2 17.2
Sample Start (hours) 0924 1057 1235
Sample End (houts) 1024 1200 1335
Sample Flow Rate (ml/min) 300 300 300
Internal Pressure (*H,0) 0.050 0.045 0.040
Waste Temperature (C) 20 23 23
Ambient Temperature (C) 20 21 23
Wind Speed (mV/s) 1.8 2.6 1.3
Weather Conditions Overcast | Overcast { Overcast
Samiple Tube Number F B E

AWN-TRE -AAB="RE
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~ Tuble 7 presents the sampling results for July 24, 1997, one day afler cover application. The

table shows the emission rate in ng/in?/s for the target compounds at each sampling location.

Table 7:  Sampling Results - Juiy 24, 1997,

Target Compound Emission Rate (ng/m¥/s)
Site 1 Site 2 Stte 3

l Acetone 1.28 432 620
Benzene 0.20 038 0.00
1-Butanol 0.20 D24 0.84
Butancdiot 148 3.36 0.12
2-Butano) 044 0.00 0.40
Butenal 0.00 0.00 68.0q
Chlorabenzene .00 0.08 0.08
Cyclubexane D.0D 0.00 0.00
Lthyl Benzene g.20 {56 0.24
Heplane 0.00 a.0u 0.00
Methyl Libyl Ketone 0.64 1.40 1.92
2-Methyl | lexane 0.00 0.00 0.00
“ 3-Methyl llexane 0.00 000 6.00
Mathy! lsobuty) Ketone 0.24 1.76 0.36
Mcihyl Pemanone 0.00 0.00 0.00
o-Xylene .00 0.00 0.00
p-.m-Xylene 0.16 3.96 040
Propanal 0.00 0.00 0.00
Propanol 0.00 0.00 0.40
Styrene 020 444 .24
Tetrachlorethylene 0.00 024 G028
1.3,5-Trimcthyl Benzenc 0.00 0.40 0.16
1,2.4-Trimethyl Benzene 0.00 0.12 0.72
1.2,3-Trimethy] Benzene 0.00 024 0.2¢
Tolucne 0.60 844 0.84
Acetaldehyde 108 0.00 0.00
Difuro-Furan 0.00 116 0.00
Dichloromethanc 0.00 0.00 0.00
Ethanol 0.00 0.00 0.00
Methyl Busanol 0.00 £.00 8.88

The table shows that, similur to the results on July 22, emissions of some species

predominate; however, in general, the emissions rates are preatly reduced. Table 8 shows the percent

reduction in the emission rates from July 22 10 July 24.
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Table 8:  Percent Reduction In Emission Rates from July

22 to July 24,
Target Compound Emission Rate Reduction (%)
Site ] Site 2 Site 3 i

[ Acctone 89.2 -65.6 57.3
Benzene 74.9 379 100.0
l-Butangl 68.6 NA 415
Butanedjol 735 NA 59.4 g
2-Butanoi NA NA 79.1 é
Butenal 100.0 NA 100.0 .
Chlorobenzenz 100.0 NA 83.3
Cyclohexane 100.0 NA 100.0 g
Ethyl Benzene 93.7 -1152 24.0
Heptane NA NA 100.0
Methy! Ethyl Ketone 338 7.3 53.7 g
2-Methyl Hexane NA NA 100.0
3-Mcthyl Hexane 100.0 NA 1000 |
Methy! isabury! Ketone 90.6 -34.9 38.7
Methyl Pentanone 100.0 NA NA %
o-Xylene 100.0 NA NA
p-.m-Xylene 98.0 -127.7 97.3
Propanal NA NA 1000 ﬁ
Propanol NA NA NA =
Styrene 57 2403 95.8 :
Tetrachiorethylene 1000 NA 88.6
1.3.5-Trimcthy! Benzene 100.0 NA 95.4
1.2.4-Trimethy} Benzene 100.0 NA 49.3
{,2.3-Trimethyl Benzene 100.0 NA 9.6
Toluene 95.6 -53.2 936 |
Acetaldehyde NA NA NA
Difuro-Furan NA NA NA
Dichleromethane NA NA OA

1| Exhanal NA NA NA
Methy} Butano) NA NA NA
Average . 87.5 | -758 86.8 |
NA: Emission Rate Below Detection Level b

The table shows thal, on average, the emission rates arc reduced by 87.5% at Site 1 and
86.8% at Site 3. However, Site 2 shows some anomalous results. where the cmission rates actually
increased by 75.8%. The reason for this is unclear, but the surface at Site 2 was found to be different
in appearance than at Sites 1 or 3 (i.¢., Jarpe surface cracks and lime green in colour as opposed to
arcy at the other Jocations). Tt may also be due to the low initial sampling results, which may have

heen a sampling anomaly.

Assessment of Cover Applicution to Reduge Afr Emissious from Hazardous Wasic
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3.1.3 Two Days After Cover Application - July 25°

Table 9:  Sampling Parameters - July 25.

Table 9 presents the sampling paramelers on July 23,

Parameter Site 1 Site 2 Site 3
Purpe Start (hours) 1015 1150 1327
Sweep Rate (I/min} 17.2 172 17.2
Sample Start (hours) 1048 1223 1403
Sample End (hours) 1148 1324 1508
Sample Flow Rate {m!/min) 300 300 300 *
Iiernal Pressure ("11,0) 0.08 0.06 0.09 ]
Waste Temperature (C) 24 31 3
Ambient Temperatore (C) 24 25 28
Wind Speed (m/s) 0.5 1.7 1.6
Weather Conditions Foppy Sunny/Hot { Sunny/Hot

It Sample Tube Number E D F

The cover cover appeared 1o be slightly harder and exhibited less adour. Table 10 presents -

the sampling results for July 25, 1997, wwo days aflier cover application. The table shows the

emission rate in ng/m’/s for the larget compounds at each sampling location. The internal chamber

pressures were found to be higher than recommended by the designer. Correction factors, supplied

by the desipners, were applied to the emission rates to account for this slight overpressure condition.

Sasessiient nr('iv.-ur Applicution to Redoee Air Emissions from llmmuﬁﬁ Waste
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Table 10;: Sampling Results - July 25, 1997.

Target Compound Emissien Rate (ng/m’/s)
Site 1 Site 2 Site 3

Acetone ' 7.9] 441 10.03
Benzene 0.70 832 0.55
1-Butanol 06! 0.00 0.9%
Butanediol 0.00 1.81 26.12
2-Butanol 0.00 0.00 0.22
Rutenal 0.17 0.24 0.00
Chlorcbenzenc 0.17 0.0 0.33
Cyclohexane 0.00 0.06 0.00
Ethy! Benzene 0.35 138 0.55
Heptane 0.00 0.24 0.00
Methyl Ethyl Ketane 0.17 0.20 0.11
2-Mcthyl Hexane ¢.00 0.12 0.00
3-Mcthyl Hexane 0.00 0.00 0.00
Methy! 1sobutyl Ketone 0.87 1.50 1.2
Methyl Pentanone 0.26 1.14 4.96
o-Xylene 0.00 a.c0 0.55
p-m-Xylene D44 311 1.43
Propanal 0.00 0.00 0.00
Propanol 0.00 0.00 5.29
Styrene : 0.44 4.68 0.00
Tetrachlorethylene 0.00 0.51 1.43
1,3.5-Trimethyl Benzene 0.00 0.32 0.00
1.2.4-Trimethy! Benzene 0.00 0.71 6.00
|.2,3-Trimethyl Benzene G.00 039 0.00
Toluene 1.30 7.79 2,75
Acetaldehyde 5.13 0.00 16,50
Difurg-Furan 0.00 0.00 0.00
Dichloromethane 0.00 0.63 0.00
Ethanol 000 0.00 172
Methy! Butanol 0.00 0.00 0.00

Similar to the previous days sampling results, the emission rates are still greatly reduced
compared to the pre-covering results on July 22. Table 11 shows the percent reduction in the

emission rates from July 22 to July 25.

Asscssment of Cover Application 1o Reduce Air Emissions from | lasardous Waste
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Table 11: Percent Reduction In Emission Rates from July

22 10 July 25.

Target Compound Emission Rate Reduetion (%)
Site 1 Site 2 Site 3

Acetone 329 -58,9 76.3
Benzene 127 457 80,7
1-Buunoel 486 NA 76.8
Butanudiol 99.9 NA 535
2.Butanal NA NA, 96.1
Butenat 636 NA 999
Chlarobenzone NA NA 76.8
Cyclohexane 99.9 NA 99.9
Ethyt Bznzene 925 90,0 95.4
Heptanc NA NA 999
Muthyl Ethyl Kelone 63.6 34.9 99.1
2-Methyl [lexane NA NA 99.9
3-Meihyl Hexane 999 MNA, 99.9
Methy! Isobutyl Ketone 65.9 -14.6 87.3
Methyl Pentanone 30,8 NA NA
o-Xylene 999 NA NA
p-.m-Xylene 944 -18.7 96.8
Propanal NA NA 99.3
Propanol NA NA NA
Styrene 93.7 -258.9 99.9
Tetrachlorethylenc 99.9 NA 95.5
1,3.5-Trimethyl Benzene 999 NA 99.9
1.2,4-Trimethy| Benzene 99.9 NA 99.9
1,2,3-Trimethyl Benzene 99.9 NA 99.9
Toluene 05.6 -41.4 94.1
Acctaldehyde NA NA NA
Difure-Furan NA NA NA
Dichloromethane NA NA Na
Ethanol NA NA :2
Methy| Bianol NA NA

j Average 753 | -sa7 82.3

MA: Emission Rate Below Detection 1 evel |

The table shows that at Sites 1 and 2, the average reduction in the emission rates has

decreaséd slightly (ie., 87.5% to 75.3% at Site 1 and 86.8% o 82.3.8% at Site 2. This slight

decrease may be due to the fact that any suppression of emissions due 1o moisture js absent as the

waste and cover dries out and the fact that the cover has not yet completely cured, siatistical

Variations in the anulysis, or because of additional curing of the cover producing a more impervious

surface. Site 2 stll shows anomalous results with an increase in the average emission rate; however,

the increase was slightly smaller (i.e., 52.7% , down from 75.8%) then was found after first day
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{post-cover).

Table 12: Sampling Parameters - July 31.

3.1.4 One Week After Cover Application - July 31

Table 12 presents the sampling paramecters on July 31.

Parameter Site 1 Site 2 Site 3
Purge Start (hours) 1020 1155 1328
Sweep Rate (I/min) 17.2 17.2 17.2
Sample Start (hours) 1040 1225 1353
Sampie End (hours) 1140 1325 1453
Sample Flow Rate (ml/min) 300 300 300
Internal Pressure (“*H,0) 0.04 0.06 0.06 ‘
Waste Temperature (C) 31 40 42 !
Ambient Temperature (C) 23 26 28

Wind Speed (m/s) 1.0 1.7 2.0
Weather Conditions Sunny Sunny/Tlot | Sunny/Hot
Sample Tube Number C D E

The cover surface was noticeably harder, with very little odour. Also no additional cracking

of the surface was evident. Table 13 presents the sampling results for July 31, 1997, one week afler

cover application. The table shows the emission rate in ng/nr’/s {or the target compounds at cach

sampling location.

RWDI -
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Table 13: Sampling Results - July 31, 1997,

Target Compound Emission Rate (ng/m?/s)
Site 1 Site 2 Site 3
—J
[ Acetone 492 | 508 10.52 T
Benzene : 0.40 0.08 2.76
|-Butanal 0.28 0.00 1.96
Butahediol 0.00 0.00 0.00 k
2 Butanol 0.40 0.00 0.24 I
Butcial 0.00 0.00 0.52
Chlorobenzene 0.00 0.00 0.00
Cyclohexane ‘ 0.00 0.00 0.00
Ethyl Benzene ' . 1.58 000 | 0.2
Heptane 0.00 0.00 0.00
Methyl Elhyl Ketone 2.44 0.00 0.12
2-Methyl Hexane 0.00 0.00 0.00
3-Methyl Hexane 0.00 0.00 0.00
Methyl Isobmyl Ketone 1 1.20 0.00 0.44
Muihyl Pemanone 0.00 0.00 0.00
o-Xylene .00 G.00 0.12
p-.m-Xylkene 1.56 0.00 0.36
Prapanal 0.00 0.00 0.00
Propanoi 0.00 0.00 0.00
Sryrene 1.56 .00 0.00
Taruchlorethylene D.28 0.08 0.30
1.3,5-Trimethy| Benzene 0.00 0.00 0.00
1.2.4-Trimethyl Benzene 0.00 0.00 0.00
1,2, 3-Trimethy! Benzene 0.00 .00 0.00
Tolucne 4.04 0.08 0.84
Acetaldehyde 0.00 0.00 0.00
Difuro-Furan 0.00 0.00 .00
Dichloromethane 0.76 252 . 0.00
Ethanol 0.00 Q.00 0.00
HML‘th)‘I Bulanat 7.60 0.00 0.16
The results show that, although the cover surface had appeared to have undergone additional
curing, the emission rates have increased for the majority of compounds compared to the
measurements conducted a week ago on July 25, However, emissions from Site 2 have significantly

decreased. This is also evident in Table 14, which shows the percent reduction in the emission rates

from July 22 to July 3i.
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Table 14: Percent R

eduction In Emission Rates from July

22 10 July 31.

I[ Target Compound Emission Rate Reduction (%)
Site 1 B Site 2 Site 3

FAcetone 583 947 247
Benzene 49.8 86.2 -188.5

| 1-Butanol 56.1 NA -36.6
Butanediol 73.5 NA 99.9
2-Butanol NA NA 875
Butenal 99.9 NA -37
Chiorobenzene 99.9 NA 99,9
Cyclohexane 99.9 NA 999
Ethyl Benzene 66.3 99.9 97.0
Heptane NA NA 999
Methy! Ethyl Kctone -410.1 99.9 97.1 |
2-Methyl Hexane NA NA $9.9
3-Methy! Hexane 99.9 NA 99.9

{| Mcthyl 1sobutyl Ketone 5340 99.9 26,2
Meihyl Pentanone 99,9 NA NA
a-Xylene 99.9 NA NA
p-m-Xylene 200 999 97.6
Propanal NA NA 99,9
Propanol NA NA NA
Styrene 772 99.9 999
Tetrachlorethylene 415 NA 96.3
{,3.5-Trimethy| Benzene 999 NA 099
1.2.4-Trimethyl Benzene 99,9 NA 99.9
1.2.3-Trimethyl Benzene 999 NA 99,9
Toluene 702 98.5 94.6
Acetaldehyde NA NA NA
Difuro-Furan NA NA NA
Dichloromethane NA NA NA
Ethanol NA NA NA

I Methyl Butano] NA NA NA

Average 557 | 137 70.3 ||

{ NA: Emission Rate Below Detection Level _"

The table shows that the average reduction in the emission rale has changed from 75.3% on

July 25 to 55.7% on July 31 at Site }. Similarly, at Site 3. the average emission rate has changed

from 82.3% on July 25 te 70.3% on July 3

1. However, the emission rale at Site 2 is now comparable

to the other sites with an emission rate reduction, compared to the initial measurements on July 22

of 73.7%. The reason for the slight increase in the emissions at Sites 2 and 3 is unclear. There was

no indication from observation of the cover surface thal deterioration had taken place. In fact, the

surfuce was found to be harder and looked more likely to be less perméahlc‘ Therefore, the
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difference may be due to just statistical variation in the analysis from sample 1o sample. There is
also no explanation in the results from Site 2. as apain there wos no evidence of change in the cover

surface at this location.

3.1.5 Two Weceks After Cover Application - August 7

Table 15 presents the sampling parameters on August 7.

Tuble 15: Sampling Parameters - August 7.

Parameter Site 1 Site 2 Site 3
Purge Start (hours) 0910 1122 1303
Sweep Rate (I/min) 172 17.2 17.2
Sample Start (hours) 1020 1153 1344
Sample End (hours) 1120 1301 1444
Sample Flow Rate {ml/min) 300 300 300
Internal Pressure (1H,0) 0.02 0.04 0.03
Waste Temperature (C) 22 30 30
Ambient Temperature (C) 24 26 26
Wind Speed (m/s) 1.5 25 2.0
Weather Conditions Sunny Sunny/Hot | Sunny/Hot
il Sample Tube Number B D F

There was little change in the cover surface from that observed on July 31. A few cracks had
appeared, but they were relatively small. Table 16 presents the sampling results for August 7, two

weeks afier cover application. The table shows the emission rate in ng/m*/s for the tarpet compounds

at each sampling location.
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Table 16: Sampling Resulls - August 7.

Target Compound Emission Rate (ng/m?/s)
Site ] Site 2 Site3 |
Acelone 1.84 6.60 6.04
Benzene .12 0.00 0.20
1-Butanol 0.12 0.00 0.20
Butanediol .00 0.00 0.00
2-Butanol 0.00 0.36 0.56
Bulcnal 0.00 0.00 0.60
h Chigrobenzene 0.00 0.00 0.00
Cyclohexane 6.00 0.00 0.00
Ethy! Benzene 0.52 2.36 020
Heptane 0.00 0.32 0.00
Methyl Ethy! Ketone 0.76 0.00 232
2.Methyl Hexane 0.00 0.00 0.00
3-Methyl Hcxane 0.00 0.00 0.00
Methy! Isobutyl Kectone 0.44 2.20 0.44
Methyl Pentanone 0.00 0.00 0.00
o-Xvlcne 0.00 0.00 020
p--m-Xylene 0.60 32 0.68
Propanal 0.00 0.00 0.00
Propanol .00 0.00 0.00
Styrene 0.36 4.84 0.00
Tetrachlorcthylene 0.16 0.68 0.64
1.3.5-Trimmethyt Benzene D.00 0.56 0.00
1.2, 4-Trimethy! Benzene 0.00 043 0.00
1.2,3-Trimethyl Benzene 0.00 0.00 0.00
Toluene 240 10,12 1.68 I
Acetaldchyde 0.00 0.00 0.00 w
# Difuro-Furan 0.00 0.00 0.00
Dichioromethane 0.32 1.36 0.00
Ethanof 0.00 0.00 0.00
| Methyi Butanoi 1.04 540 1.64

The emission rates in Table 16 are similar to the emission rates measured on July 24 and 25.

Therefore it appears that the results on July 31 may have been an anomaly. This is evident in Table

17, which shows the percent reduction in the emission rates from July 22 to August 7.
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Table 17: Percent Reduction In Emission Rates from July
2210 August 7.

Target Compound Emission Rate Reduction (%)
Site 1 ' Site 2 ’ Site 3

i~ Y -

ausinile 2. ERY i S
Benzene 84.9 99.9 79.1
1-Butanol 1.2 NA Ba.]

| Butancdiol 995 NA 99.9
2-Butancl| NA NA 70,7
Butenal 999 NA 99.9
Chlorobenzene 999 NA 999
Cyclohexane 99.9 NA 99.9
Ethy] Benzene 88.8 -125.6 95.0
{eptane NA NA 9%.9
Meihyl Ethyl Ketone -38.9 099 44.0
2-Methyl Hexane NA NA 999
3-Methyl Hexane 99.9 NA 99.9
Methyl Isobuty] Ketone 528 «68.6 862
Mcthyl Pentanong 99.9 NA NA
o-Xylcne 99 9 NA NA
p-.1m-Xylene 923 -203.9 954

i Propanal NA NA 95 .9
Propanol NA NA NA
Styrene 94.7 =271.0 99.9
Tetrachlorathylene 66.6 NA 94.0
1.3.5-Trimethy! Bunzene 9.9 NA 99,9
1.2, 4-Trimethy! Benzene 99.9 NA 699
1,2,3-Trimethy! Benzeny 99.9 NA 99.9
Teluene 823 -83.7 §92
Acctaldchyde NA NA NA
Difluro-Furan NA NA NA
Dichloromethane NA NA NA
Ethanol NA NAa NA
Methyl Butanol NA NA NA
Avernge 849 -101.6 9.8
NA: Emission Rate Below Detection Level

The table shows that the average reduction in the emission rate is similar to the reductions
measured on July 24 and 25. The ave}a_ge emission rate reduction a1 Site 1 was 84.9%, compared
to 87.5% on July 24, 88.3% on July 25 and 55.7% on August 7. At Site 3, the average emission rate
reduction was 90.8%, cotnpared 10 86.8% on July 24, 92.2% on July 25 and 70.3% on July 31.
However, the average emission rate at Site 2 is again showing an increase compared to the original
measurements on July 22, Therefore, it appears that the measurements conducted on July 31 were

anomalous.
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3.1.6 Three Weeks After Cover Application - August 14

Table 18 presents the sampling parameters on August 14.

Table 18: Sampling Parameters - Augunst 14.

Parameter Site 1 Site 2 Site 3
Purge Start (hours) 1030 1225 1400
Sweep Rate (Vmin) 172 17.2 17.2
Sample Start (hours) 1122 1256 1344
Sample End (hours) 1222 1356 1444
Sample Flow Rate (ml/min) 300 300 300
Internal Pressure (“H,0) 0.025 0.05 0.045
Waste Temperature (C) 24 29 30
Ambient Temperature (C) 25 25 26
| Wind Speed (mi/s) 2.5 2.7 2.5
Weather Conditions Sunny Sunny/Hot | Sunny/Hot L
Sample Tube Number D E F

mm wm T oWH W W PR

Similar to the observations made on August 7, there was little change in the cover surface.
Table 19 presents the sampling results for August 14, three wecks afier cover application. The table

shows the emission rate in ng/m’/s for the target compounds at each sampling location.
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Table 19; Sampling Results - Aug—usl 14,

Target Compound Emission Rate (ng/m%/s)
Site 1 Site 2 Site 3

Acetone 0.36 | 3.2 4.76
Benzene ' 0,038 0.36 0.16
1-Butano] p.00 0.00 0.28
Butanediol 0.00 0.00 0.00 |
2_Butanol 0.20 0.00 1.24
Butenal 0.00 0.68 0.20
Chlorobenzenc 0.00 0.00 g.00
Cyclohexane 600 0.00 0.00
Eiliy! Benzent 0.04- 1.84 0.08
Heptane 0.00 0.00 {.00
Methy! Ethyl Ketone Q.20 0.96 2.16
2.Methyl Hexane 6.00 0.00 ¢.00
3-Methyl Hexane 0.00 0.00 ¢.00
Methy! Isobutyl Ketone 0.16 1.08 0.32
Methy1 Pentanone 0.00 0.00 0.00
o-Xylkne 0.00 (.00 0.00
p-m-Xylene 0.08 3.6 0.16
Propanal g.00 0.00 0.00
Propanv! 0.00 0.00 0.00
Styrene 0.00 .58 0.08
‘l'etrachlorethylene 0.00 0.28 0.00
1,3,5-Tritnathyl Benzene 0.00 0.00 0.00
1,2,3-Trimethyl Benzene 0.00 0.00 (.00
1,2,3-Trimethyl Benzene - 0.00 0.00 0.00
Toluene 0.20 7.20 048
Acetaldehyde 0.00 0.00 0.00
Difuro-Furan .00 0.80 0.00
Dichoromethane 0.00 1.12 0.00
Ethanol 0.00 0.00 0.00
Methy! Butanol 0.36 4.84 12.96

The emission rates in Table 192 are similar to the emission rates measured the previous week
on August 7. In fact, with the exception of methy] butanol at Site 3, the emission rates are all slightly
lower. This is also shown in Table 20, which presents the percent reduction in the emission rates

from July 22 10 August 17.
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Table 20: Percent Reduction In Emission Rales from July
22 to August 14,

. Target Compound Emission Rate Reduction (%) |
Site 1 Site 2 Site 3
Acetone 96.9 ~19.6 67.2
Benzene 90.0 379 33.3
1-Butanol 89.9 NA BD.5
Butanediol 99.9 NA 99.9
2-Butanol NA NA 35.2
Bulcnal 99.9 NA 58.2
Chiorobenzene 99.9 NA 59,9
{| Cyclohexane 99.9 NA 99.9
Ethyl Benzene 59,1 -153.9 93.0
Heptane NA NA 99.9
Mcthy! Ethy! Ketone 582 26.4 479
2-Methy] Hexane NA NA 99.9
3-Methyl Hexane 59.9 NA 99.9
Methy! Isobutyl Ketone $3.7 17.2 90.0
Methy! Pentanone 99,9 NA NA
o-Xylene 9%.9 NA NA
p-.m-Xylane 99.0 -81.7 98.9
Propanal NA NA 99.9
Propanol NA NA NA
Styrene 999 -120.8 98.6
Tetrachlorethylene 39.9 NA 95.9
1.3.5-Trimethyl Benzene 99.9 NA 99.9
1.2.4-Trimethy] Bepzene 99.9 NA 99.9
1.2 3-Trimethy! Benzcne 3.9 NA 99.9
Toluene 38.5 307 96.9
Il Acetaldehyde NA NA NA
Difuro-Furan NA NA NA
Bichloromethane NA NA NA
|| Ethanol NA NA .
Methyl Butanol NA NA A
Average ] 98,7 -40.6 33.8
NA: Emission Rate Below Detection Level

The table shows similar resulis to

the previous wecks measuremenis at Sites 1 and 3. There

was a slight improvement at Site | where the average reduction increased from 84.9% to 96.7%.

At Site 2 the average reduction dropped from 90.8 % to 88.8%, primarily due to the increased

emissions of methyl bulanol. Site 2 showed the similar emissions increase compared to the initial

measurements on July 22,
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3.2 Summary of Results

Table 21 presents a summary of the percent reduction in emissions for selected compounds
during all five sampling periods. Compounds that were not detectied during any of the sampling
periods (e.g., dichloromethane, cthanol, cte.) were omitted from the table. Summary results for Site
2 have not been presented due to the anomalous nature of the data, It is suspected that the anomalous
results from Site 2 were due 1o either poor application of cover al this location (see Table 5, Section

3.1.2) or a chemical reaction between the cover and the waste,
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Table 21: Summary of Percent Reduction in Emissions of Target Compounds Afier Cover

Application.
Site) | Site3 | Sitel | Site3 || Sitel [ Site I} Site1 | Site3|| Site 1 | Site 3]
Targel Compound . Feriod Afler Cover Application
1 Day 2Days - | Week 2 Weeks 3 Weeks
(July 24) {July 25) (July 31y {Aug. 7) {Aug 14)

Acelonc 892 | 573 || 690 | 768 |f 583 | 247 || 844 | 584 || 969 | 672
Benzene 74.9 100 59.9 807 || 498 ]-1385) &4.9 79.1 90.0 Bi.3
I-Tutanol 68.6 4.5 56.1 76.8 364 36.6 81.2 86.1 99.9 205
Butancdiol 3.5 994 99.9 53.5 71.5 09.9 99.9 99.9 99.9 $9.9
2-Butano) NA 79.1 NA 96.1 NA 375 | NA 70.7 NA 35.2
Tatanal 10 | NA |[ 833 | 999 995 | &7 || 99.9 | 999 || voo | 552
Chlorobcnzene 10} NA 49.8 76.8 99,9 30.9 99.9 99.9 y9.3 gg9 ||
Cyclphexane 100 100 99.9 99,9 $9.9 UL 99.9 9.9 ve.9 09.5
Ethy! Benzene 95.7 94.0 96.5 95.4 Hh.3 97.0 8.8 95.0 99.1 [ 98.0
lleptane NA 100 NA 95.9 NA 99.9 NA 9.9 NA .9
Methyl Ethyl Ketoine =333 51.7 83.3 2491 4101 {1 v7.1 -58.9 | 44.0 58,2 479
Z-Muethy! [exane NA 100 NA 9.9 NA 9499 NA 99.2 NA 99.9
I-Metbn] Hexoane 100 100 93.9 999 99.9 539 9.9 799 ERY 999
Methy | Isobuty] Ketone 90.6 g88.7 843 373 330 822 || 8B 862 93.7 290.0
Methyl Pentanone v9.3 NA 95.3 NA 55.9 NA 99.9 NA L9 NA
p=-Xylene 100 NA 59.9 NA 999 NA 999 NA 99.9 NA
m & p-Xylene 98.0 973 | 974 96.3 0.0 976 || 923 954 99.9 98.9
Propanal NA 99.9 NA 95.9 NA 99.9 NA 095.9 NA 95.9
Sy rene 97.1 958 57.1 99.9 77.2 999 5947 99.9 95,9 98.6
Tetrachiorethylene 100 974 99.9 95.5 415 96.3 G6.6 94.0 $9.9 9%.5
.3 5-Trimethyl Benzene 100 | 954 h 999 § 999 || 999 | 999 | 99 | 999 [| 99.9 | 99.9
1.2.4-Trimeathy! Bgnzenc 100 498 99.9 999 99.5 599 99.9 899 93.9 99.9
1.2 3-Trimethyl Benzene 100 B1.6 99.9 99.9 99.9 899 99.9 99.9 99.9 59.9
Tolucne 95.6 946 95.6 94,1 0.2 9.6 82.3 892 98.5 96.9°
Maximum Reduction (%) 100 100 [ 999 | 999 ] 999 [ 999 [ 995 | 999 || 393 [ 999
Minimum Reduction {%) -33.8 41.5 69.1 535 || -H6.1 | -198.5|| -58.9 44,0 58.2 J5.2
Average Reduction (%] 875 | B6A )l 849 | 922 [ 557 | 703 § ss9 | 008 )| 6.7 | 8ag ||

The summary table shows that, for the two sites considered, over the 21-day study period.,

the average emission reduction ranged from 88.8 and 96.7 %. The effectiveness is slightly less for
some of the niore volatile species (e.g., acetone), where the emission reduction was more variable.
Fowever, this may be due to sampling artifacts other than actual variations in the effectiveness of
the cover. Figures 3 and 4 show the emission rates for four select compounds; acetone, m&p-
xylene, styrene and toluene. at Sites 1 and 3, respectively, over the 21-day sampling period. The

cmission rates were Jowest immediately after the Posi-Shell was applied. By Day 2, (post-cover).
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the emissions had gcm:ml.iy increased, but a steady reduction was found in cmissions over the next
3 weeks at Site 1. The findings were similar at Site 3 however, there was slightly more variability
for some of the select compounds. The figures clearly show an overall reduction in emission rates
over the study period particularly after the cover maierial had the opportunity to cure. Therefore,
it appears that, during the 21-day period of this study, the Posi-Shell cover material appeared to be

an ellective barrier, reducing airborne emissions from the stored waste.
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4. CONCLUSIONS

RWD1 performed an assessment of a cover application material called Posi-Shell to reduce
air emissions of volatile organic compounds, aldehydes, ketones and alcohols from the exposed
waste at Laidlaw's Corunna Facility. The study involved sampling the emissions of target

compounds from the pit face uéing an isolation flux chamber. Three sample positions were studied.

The tesuits indicated that, over the 21-day study period. emissions of the target compounds
from the two sites at the pit face were reduced by about 89 to 97%. Anomalous findings were
encountered at the second location which appeared 1o be related to a chemical reaction with the
waste that may have changed the binding characteristics of the Posi-Shell. With minor exceptions.
the cover appearcd to form a resilient surface, free from major cracks, after curing. When properly
applied, the cover application was demonstrated to be an effective cover matcrial, capable of

dramatically reducing emissjons for the target compounds.
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