
189 DA14 
Prqet d'agrandissernent du lieu denfwissernent 
sanitaie de SainteSaphe 

Sainte-Sophie 6212-03-105 

ASSESSMENT OF COVER APPLICATION TO 

I-?EDUCE AIR EMlSSiONS FROM HAZARDOUS 

WASTE 

LAJDLAW - CORUNNA FACILITY 

SARNIA, ONTARIO 
- 

Project Number; 97-41 1 

. . .  Dntc: Decenibcr 22. 1997 
Suhniittud By: Rowan Williams Davics & Irwin Inc. 

Project Manager - 
Projcct Coordinmr - Adam Quipp, DET 

Brian Handy, R.Sc., C.  Chem. 

Principal - David Chadder. Ilon. B.Sc., QEP 

I 
Submitted to: Mr. Blake Nesbitr 

Laidlaw Environmcn~al Services Limited 



TAULE OF CONTENTS 

I'agc No. 

I .  IN~~I'RODUCTION ............................................................ 1 

7 

7 
2. METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.1 Selccied Target Conipounds .............................................. - 
2.2 Sampling Proloco1 .2  ................................................... 

3 .  RESIJL 
3.1 

3.2 

rs ........................................................ 
Sampling Results ................. ......................... 

3.1.1 Silt Selection and Prc-Cover Application Satnpling . . . . . . . .  
3.1.2 One Day Aficr Cover Application - July 24, 1997 . . . . . . . . .  
3.1.3 Two Days Aflcr Cover Application . July 25, 1997 . . . . . . . .  
3.1.4 011s Weck Aner Cover Application - July 3 1 ,  1997 . . . . . . . .  
3.1.5 Two Weeks Afier Cover Application - August 7, 1997 . . :. . 
3.1 .G Tlirce Weeks Afer Cover Appljcalion - August 14, 1997 . . .  

Suniniary of Results . . . . . . . . . .  .............................. 

. . . . . . . . . . .  5 
, . . . . .  : .... 5 
...... . . . .  5 

. . . . . . .  8 
. . . . . . . . .  I 1  

.. 14 
......... 17 
. . . . . . . .  . 20  
. . . . . . . .  . 2 3  

. . .  

....... 

4. CONCLlJSlONS ................................................. . . . . . . . . .  . 2 6  
5. REFERENCES 

I:IC;LI~<ES 

.......................................... 



llowan Williams D x k s  S: lnvin Inc. (RWDI) was rclained by Laidlaw Environrncnial 

Services Litiiitcd (Laidlaw) lo undefloke an assessnwnt or Posi-Shell. a cover rnaicrial, to reduce air 

cinissions of volatile organic compounds (VOC's), aldehydes. keloncs and alcohols from 111c 

csposed ~yils~e a1 Laidlaw's Corunna Facility. Pa-Shcll  is describcd by its supplier as m aggregaie 

ciT(rucyc1ed) ccmmtitious mineral binder, liquid (water), recycled plaslic and cellulose fibres. After 

curing, thc cover is considcred to provide an non-permeable cover aver the exposed waste, 

minimising any chcmical emissions. 

Thr objectives of this study was to provide an indcpendent assessment ofthe cover's ability 

10 stirpress odourous emissions up 10 rIiree \4~eks after application. 

l l ~ c  basic tasks underlakcn in lhki study are dcscribcd below: 

Select dirw smiphig locations 011 the exposed wasre at the pit face of ihe landlill; 

detennine ihe emission rate or target compounds. prior to application, using an isohtion llus 

chambar; 

dulerniinc the rmissiori rales of tho larget cotnpoundr one day, two days, o ~ i e  wrck. two 

w x k s  and three weeks after application; and 

assess 11ie emission reduction efficiency of the foatii. 
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2. METIIODOLOGY 

2.1 Selcclcd Target Compounds 

Table 1 prescnrs the list of selected target compounds. The list was hased on sampling and 

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

Cell # I  7) during July I I and 14, 1997 [I]. 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 rcprescnts 

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

Table 1 : List of Target Compounds. 

Chlorobenzene 

2.2 Sampling Protocol 

o-Xylcne 
p-.m-Xylcne 
Propnnl 
Propanol 
Slyrene 
Tetrachlorethylcne 
1.3.5-Trinwthyl Benzene 
1.2,4-Trinierhyl Benzene 
1,2,3-Trimethyl Benzene 
Tolt-ene 
Acetnldcliyde 
Difum-Fwan 
Dichloroniethane 
Ethanol 
Methvl Butanol 

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

continuous VOC measurements over the surface of the pi1 face, using a PhotoVac h~ficrofid Model 

MI' 1001. in order to select locations with significant emissions which were also safely accessihlc. 

These rncnsurcments were conducted on July 22,1997; however, they prosed to be inconclusive in 

locating areas of peak eniissions becausc of relatively low and uniform VdC concentrations above 
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tllc pit Lice. Tliercfore. it was decided lo lacatc tlie sampling poinls in  closc proxiini1y to lhc existing 

!.3idlii~,7'Cst-I)ruili locafions (set Section -7.1). 

The llux chambur was then used to collect simples a1 these three locations. 'I'hc flus 

chainbur is shown schcnutically in Figure 2. I t  WQ constructed according lo  the dcsiyncr's 

specilicalions [2].  The chainbcr is 71 cni in diariiekr and 3 1 cm high and is conslructed of 14 gauge 

stainless steel. All interior and ca1erior fittings were stainless steel and all lines were niade from 

.l.cflcln tubing. The ch i ibc r  was equipped with five exit ports (labelled A to E in Figure 2), air and 

watt lcinpcrature probes and a chamber differential pressure gauge. The flux chamber ~~~ placed 

on the surface of thc wastu and the bottom edge of the chamber was rorced a short depth into h e  

waste surjicc. The interface bciween the chamber and the surface WS, covered with common sand 

to providc the hcst seal possible. The flux chamber was opcratcd undcr a slighl positive pressure to 

further prevent outside air cntcrinc undcrncath and into tllc chamber. 

... 2- 

The flus d imber  was operated within parameters recommended by the designers [?I. The 

]]US cllmlbcr was piirgd with ultra-high purity nitrogen gas for a minimuni of 30 niinutes at a rate 

ol' 17 I/inin (2.8; s 10' m'/s). This removed my residual outside air present in the chanibcrartec 

it was placed on he surrace ofthe waste. The purpose of-diluting the chamber air was to establish 

a11 equilibrium between gas eniissions from rbc sample surface and h e  sweep gas entering the 

chamber. l'he purge gas was introduced into the flux chamber using Teflon tubing equipped %<ill1 

tifteen, 0.635 mm diameter, do\\nward-facing vent holes. The flow ofpurge gas (swcep rite) "is 

regulated using a Matheson rotmeter, which was calibrakxi using a Gilibrator autonlatcd bubble 

iiietcr. which is a prinary standard airflow calibrator. The totd aniouni of purged gas introdiiccd 

inlo the chamber was such that abouL99% of the original air was purged from the flus climber. 

Once the flux chambcr had been purged, samples were drawn from the chamber ihraugh the exhaust 

pon using P wniple train consisting oTa vacuum pump and a calibrated mass flow controller. The 

snmplcs were collected by on a mulri-phase carbon adsorbent TO1 tubes with Trnas provided by 

I.aidlaw Environnlenial. The on-silt Laidlaw laboratory conducted the analysis for the compounds 

sliown in Table 1. 
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The concentration Tor each compound. C; was dctenniixd using Equation I : 

The emission flux n t e  (nglin'ls) was determined using Equation 2: 

The flux chamber requires low wind specds to sample propcrly. Strong winds map crcafc 

a rcgion oFlow prcssurc on the downwind side ol'the nus chamber. Winds wcrc light during 1I1c 

flux chamber sanipling and no pro\-isions for wind breaks wcrc required. 
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Snniplc Nurnbcr 

Site I 
Sitc 7 
Site 3 

.. . ..s - 

3. RESULTS 

Localion 

Two nietrcs W ~ S I  of Laidlaw Tea-Bucket #3 
TWO metres west of Laidlaw Test-Bucket #2 
%-meue south of Laidlaw Test-Bucket # I  

3.1 S:inipling I<csulls 

Thc site selection and initial sampling, before covbr application, wu carricd otrt on July 22- 

1997. Covering of the pit face (approximately 90% of the exposed waste) ws carried out by Il~r 

supplier, Landfill Service Corporation, on July 73. Aficr thc cover was applied and the curing 

process was undcnvay, sampling was repeated one day (July 241, two days (July 25); onc wedi (July 

31). two weeks (August 7) and three wecL (August 13) aiicr covcriog. Scciions 3.1.1 10 3.1.6 

prcscnts pertinent sampling information and the results. Sections 3.2 prcscnu a summar). of ihc 

rcsulis and cmission rcduciion efficiency. All field note inlbrmolion taken during r11e sttidy have 

h e n  includcd in sununary tables. All tilncs are given in Eastcrn Daylighi (Savings) Time (EDT). 

3.1.1 Sitc Selection and I'rc-Co\w Application Snmplisg 

Sample site selection and sainphng prior 10 cover application was conducted on July 22. 

T a b k  1 presenls a description of rhe ranlpling siic locations. 



Thc sampling parameters (slari lime. end lime. ek.) are prcsenled i n  Table 3. 

Tablc 3: Sampling I’aramelcrs - July 27. 1997. 

Parameter 

Purge Start (hours) 
Sweep Rate (Vmin) 
Sample Slart (hours) 
Sample End (hours) 
Sample Flow Rate (ml/min) 
Iniernal Pressurc (“I 120) 
Waste Tempenlure (C) 
Ambient l‘empenturc (C) 
Wind Spccd (nds) 
W-ather Condilions 
Sample Tube Nurnbcr 

Sitc 1 Sitc 2 

1355 1455 
17.2 17.2 
1436 1531 
1451 1548 
300 300 

0.055 0.050 
31 31 
25 25 
2.0 2.8 

SunnylClcar SunnylClcar 
D I3 

Site 3 

1553- 
17.2 
I629 
1644 
300 

0.050 
36 
27 
3.0 

E 
Sunny/Clc - 



TahIe 4: Pre-Cover Initid Sampling Rcsults - July 
27.1 397. 

- 
Emissi 

Site 1 
11.8 
0.80 
0.64 
5.58 
0.00 
0.48 
0.16 
0.48 
I .62 
0.00 
0.48 
0.00 
0-IG 
3 5  
2.55 
0.9G 
7.8 I 
0.00 
0.00 
6.86 
0.48 
0.48 
1.11 
1.12 
15.6 
0.00 
0.00 
0.00 
0.00 
0.00 - 

Ratu (n 
Site 2 __ .._ 
2.61 
0.58 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.73 
0.00 
I.il 
0.00 
0.00 
1-31 
0.00 
0.00 
I .?.I 
0.00 
0.00 
I .3 1 
0.00 
0.00 
0.00 
0.00 
5.51 
0.00 
0.00 
0.00 
0.00 
0.00 

n’/s) 
Site 3 
14.5 
0.96 
1-44 
18.8 
1.91 
0.48 
0.46 
0.48 
3.99 
0.80 
4.15 
0.31 
0.64 
3.20 
0.00 
0.00 
14.8 
7.8 1 
0.00 
5.75 
10.7 
j . 5  I 
I .53 
3 9  
15.6 
0.00 
0.00 
0.00 
0.00 
0.00 
_I 

The table shows illat there is some \wiability between saii~plc sites. This is especially 

noticcablr nt sampling Site 2. which generally shows much lowcr emission rates than the other t\vo 

sites. Same species prcdominatc in die emissions, for examplc, acetone, butalldiol, eillyl benzene, 

mc.ihy1 thy1 kctone, rnehyl isobutyl kctone, xylene, s~yrene, te~r~chlorotthylmr: and toluene. 

: 
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3.1.2 One Day hftcr Cover Application -July 24 

Covcr ivaq applied lo the wslc materia! on July 23. Approsimarclv 90% of the pit facc \vas 

covered. The cover had "cured" to a stable surface by July 24, but it was still WCI in spots nod tlrc 

cover appeared to be thin in various locations. I t  also had o. distinct ndour. lable 5 prescnis a 

dcscription of  h e  cover at the three wrnpiiiig locations. 

Table 5: Description of Sampling Locations on July 24. 

iarnpling Location 
~ ~~ 

Sire 1 

Site 2 

Site 3 

1 Dcscription ' -Even grey colour 
, - No surface cracks 
- Approsimately 2 cm. thick 

I 10% grey, 90% lime grecn colour 
- Approximately 5% of surface crackEd 
-Approxiiiiatcly 1 .S CIII. thick 

- 90% grey, 5% grcen colour 
- No surface cracks 
- Approxiniately I .5 cm. thick 

Iable 6 presents the sampling parameters on July 24. 

Table 6: Sampling Parameters - July 24 

Site 1 Site 2 Site 3 Parnmetcr 

Purge Start (hours) 0850 1027 1203 
Sweep Rate (!!inin) 17.2 17.7 17.2 
Sainpte Start (hours) 0924 I057 I235 
Sample End (hours) 102'4 1200 1335 
Salllpk Flow Rnre (mumin) 300 300 300 
Internal Pressure ("f&O) 0.050 0.045 0.o-to 
Wastc Tcinperaturc (C) 20 23 23 
Ambient Temperature (C) 20 2 !  23 
Wind Speed (nds) 1.8 2.6 1 .a 

Saniple Tubc Nuniber F u E 
Weather Conditions Overcast Ovcrcast Overcast 



Tablc 7 prcscnrs tlic sampling r t s ~ l l s  ror July 24, 1997, onc day ancr cover application. 'file 

tablc shows thc cmission rite in ndm'ls Tor the targel compounds ai each sampling location. 

Table 7: Sampling Results - July 73, 1997. 

Methyl  Isobutyl Keionc 

1.3,5-Triincthyl Benzmc 
I .74-Trimrihyl Benzene 
12,3-Trin1etIiyl Benzene 

Dichloromrrhaiic 

Emission Rate ( 
Sitc I 

I .2a 
020 
0.20 
1-48 
0.44 
0.00 
0.00 
0.00 
0.20 
0.00 
0.6.1 
0.00 
0.00 
0.24 
0.00 
0.00 
0.16 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 
0.00 
0.60 
1.08 
0.00 
0.00 
0.00 
0.00 

- 
Sitc 2 
4.32 
0.36 
0.24 
3.56 
0.00 
0.00 
0.08 
0.00 
I .5G 
o.mu 
1.30 
0.00 
0.00 
1.76 
0.00 
0.00 
j.96 
0.00 
0.00 
4 .'u 
0.24 
0.40 
0.12 
0.25 
8.44 
0.00 
1-16 
0.00 
0.00 
0.00 

- 
/mz/s) - 
Site 3 

0.00 

- 
6.20 

0.84 
0.12 
0.40 
0.W 
0.08 
0.00 
02.1 
0.00 
1.91 
0.00 
0.00 
0.36 
0.00 
0.00 
0.40 
0.00 
0.40 
0.74 
0.28 
0.16 
0.72 
0.20 
0.84 
0.00 
0.00 
0.00 
0.00 
5.85 - 

The table shows that, sitnilur Lo ilic results 011 July 22, cnlissions of some species 

prtdominue; honwcr,  in g:eneral, the emissions rates are grcally reduced. Table 8 sh0Lt-s tlic percent 

r d u u h n  in [tic emission rates from July 2 to July 23. 
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Tiiblc 8; fercenl Reduction In Emission Rntcs from July 
22 to July 24. 

Target Compound 

Acclonc 
Bcnzene 
I-ButwoI 
Bulanediol 
2-Duf;lnol 
Butend 
Clilorobcnzene 
Cyclohcsonc 
Ethyl Benzene 
Heplane 
Mctliyl Ethyl Ketone 
2-Methyl llexanc 
3-Mcthyl Hexme 
Maihyl lsnbuiyl Ketone 
Methyl Penranone 
o-Xylcne 
p-.m-Xylcnc 
Pmpnal 
Pmpanol 
Styrene 
Tetrxh lorclliylene 
I .3.5-Trimclhyl Benmne 
I .?.4-'frimethyl Benzene 
I ,2.3-Trimelhyl Benzene 
Toluene 
Acetaldehyde 
Difurc-Funn 
Dichlorornelhane 
Ethanol 
McIli}l Bufanol 

Avcragc . 
NA: Emission Rare Below I 

Emission Rate Kcduction (Ye) 
Site 1 
89.2 
74.9 
68.6 
73.5 
NA 

100.0 
100.0 
100.0 
95.7 
NA 

-33.8 
NA 

100.0 
90.6 
IW.0 
100.0 
98.0 
NA 
NA 

97.1 
100.0 
100.0 
100.0 
IW.0 
95.6 
NA 
NA 
NA 
NA 
NA 

875 

:=tion Lev 

Site 2 
-65.6 
37.9 
NA 
NA 
NA 
NA 
NA 
NA 

- 1  15.1. 
NA 
-7.3 
NA 
NA 

-24.9 
NA 
NA 

-117.7 
NA 
NA 

-240.3 
Nh 
NA 
NA 
NA 

-53.2 
NA 
NA 
NA 
NA 
NA 

- 

- 
-7s.a 

. .  
Sitc 3 
57.3 
100.0 
41.5 
99.4 
79. I 
100.0 
83.3 
100.0 
94.0 
100.0 
53.7 
IOO.0 
100.0 

N A  
NA 
97.; 
100.0 
NA 

88,6 
95.4 
49.8 
91.6 
94.6 
NA 
NA 
OA 
NA 
NA 
56.8 

88.7 

95.a 

#! 
d 
1 

Tlie lahie shows fliail on avenge, the emission rates arc reduced by 87.5% at Site . 3nd 

S6.8% at Site 3. llowever. Site 2 shows some ammalous results. where the cmission tales nctlnlly 

increased by 75.8%. The reason for this is unclear. hut h e  surface ni  Sitc 2 ivns found to be different 

in appearance than at Sites I or 3 (Le., large surrace cracks and limc green in colour ;IS opposed to 

grey a1 Uic oilier locntions). it may 3 k O  be due 10 h e  low initial mtiipling results. ivhich may have 

heen n sampling nnoninly. 

Ic 
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3.1.3 Two h y s  After Covur Applicslion - July 2 5  

Tubk ‘J presents thc sampling panmeters on July 25. 

Tzble 9:  Sampling Parmieters -July 25. 

Purge SWL (hours) 
Sweep Rate ( I h i n )  
Sample Start (hours) 
Sample End (hours) 
Sainplc Flow Rate (rnl/niin) 
Internal Pressure (74:O) 
Waste Tcnipcrature (C) 
Anibicnl Ternperdlurc (C) 

Site 3 

1327 
17.2 
I403 
1508 
300 
0.09 
36 
28 
1.6 

F 
Sunny/l-iot 

The cover cover appeared 10 be sligliily hnrdcr and exhibited less odour. Table 10 presents 

the sonipling rusultr for July 25, 1997, t w  days dker cover application. The table shows the 

cnlission mte in ng/ni’/s for the larget compounds at each sampling locnfion. The internal chamber 

pressures were found to be higher than reconimendid by h e  designer. Correction factors, supplied 

hp the designersrs, were applied to the emission rates to account for fiis slight overpressure condition. 
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Tnble 10: Sampling Results - July 25, 1997. 

Target Compound 

Acetone 
Bcnzene 
I-Bulanol 
Bucanediol 
2-Buranol 
Butensl 

Cyclolicxane 
Ethyl Benzcnc 
Flcptanc 
Methyl Ethyl Ketonc 
2-Mcthyl Hcxane 
3-Mcthyl Ifexane 
Methyl Isobutyl Kclonc 
Mcthyl Penlanonc 
o-Xylcnc 
p-.m-Xylcne 
Propand 
Proponol 
Slyrcne 
Tctrachlorclliylcne 
I ,3.5-Trimelhyl Bcnzcnc 
1.2.4-Trime1hyl Bcnzene 
I .2,3-Trimelhyl Benzcnc 
Toluenc 
Acetaldehyde 
Difuro-Furan 
Dichlorometbane 
Ethanol 
Methyl Bunnol 

Chlombcn7.cnc 

Emission Rate (1 /rn2/s) 

Site 1 
7;9 I 
0.70 
0.6 I 
0.00 
0.00 
0.17 
0.17 
0.00 
0.35 
0.00 
0.17 
0.00 
0.00 
0.87 
0.26 
0.00 
0.4J 
0.00 
0.00 
0.44 
0.00 
0.00 
0.00 
0.00 
1-30 
5.13 
0.00 
0.00 
0.00 
0.00 

Site 2 

4.4 I 
0 . 2  
0.00 
1.81 
0.00 
0.24 
0.08 
0.00 
138 
0.24 
0.20 
0.12 
0.00 
I S O  
1.14 
0.00 
3.1 I 
0.00 
0.00 
4.68 
0.5 I 
0.32 
0.71 
0.39 
7.19 
0.00 
0.00 
0.63 
0.00 
0.00 

-. -. 
Site 3 
10.0; 
0.55 
0.99 

26.12 
0.22 
0.00 
0.33 
0.00 
0.55 
0.00 
0.1 I 
0.00 
0.00 
1.21 
4.96 
0.55 
I A3 
0.00 
5.29 
0.00 
1.43 
0.00 
0.00 
0.00 
2.75 
6.50 
0.00 
0.00 
7.72 
0.00 - 

Similar to the previous days sampling results, the emission rates are still grcdy reduced 

compared to the pre-covering resulls on July 27. Table 1 1  sliows the percent reduction in the 

emission ratcs from July 22 to July 25. 

I 



Table I I :  Pcrccnt Rrduction I n  Enlission Rates froom July 
12 to July 25. 

Chlorubcnzcne 

M~dr)'l Isobutyl Kclolie 

Tcrmch lorclhylaic 
I ,3.5-Triniethyl Benzene 
I .2,4-TriomliyI Ucnzene 
I ,2,3-Trinie!hyl Deazenr 

Dicbloroinrtlimc 

Emission Ratc Reduction (V") 
Site 1 
32.9 
11.7 
4.6 
99.9 
NA. 

63.6 
NA 
99.9 
92.5 
NA 

63.6 
N A  

99.9 
65.9 
89.8 
99.9 
94.4 
NA 
N A  

93.1 
99.9 
99.9 
99.9 
99.9 
95.6 
NA 
N A  
NA 
NA 
N A  

75.3 

Site 2 
-68.9 
45.7 
NA 
NA 
N A  
NA 
NA 
NA 

-90.0 
NA 

84.9 
NA 
N h  
-14.6 
NA 
NA 

-78.7 
NA 
NA 

-158.9 
NA 
NA 
NA 
NA 

-4 I .4 
NA 
NA 
NA 
NA 
NA 

-52.7 

Site 3 
76.8 
80.7 
76.8 
53.5 
96.1 
99.9 
76.8 
99.') 
95.4 
99.9 
99. I 
99.9 
99.0 
87.3 
NA 
N A  
96.8 
99.9 
NA 

99.9 
95.5 
99.9 
99.9 
99.9 
94.1 
NA 
NA 
NA 
NA 
NA 

R2.3 
__L 



(post-cover). 

3.1.4 One Week Aftcr Covcr Application -July 31 

’fable 12 prescnts the sampling paramcters on July 3 1 .  

Paramctcr 

Purge Start (hours) 
Sweep Rate ( h i n )  
Sample Start (hours) 
Sample End (hours) 
Sample Flow Rate (mlhnin) 

Waste Temperature (C) 
lntcrnal Pressure (“H20) 

Tablc 12: Sampling Pnmnleters - July 31. 

Site 1 

1020 
17.7 
1040 
1140 
3 00 
0.04 
31 

Sample Tube Number I C 

Site 2 

1155 
17.2 
1225 
1325 
300 
0.OG 
40 
26 
1.7 

Sunnylllot 
D 

Sitc 3 

1328 
17.2 
1353 
1453 
300 
0.06 
42 ’ 

28 
2.0 

SuimylHot 
E 

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

of the surface was evident. Table 13 presents the sampling results for July 3 1. 1997, one week after 

cover applicaiion. The table shows the emission rate in ng/rn’/s for rhe txgct compounds at csch 

sampling localion. 
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Table 13: Sampling Results- July 31, 1997. 

h4ethyl E4hyl Keione 

I .3,5-Trin'methyl Benzene 
I ,L4-'rrirnerhyl Bcnzcne 
~,2,3-Tri1iieiIi~l Benzene 

Dichlommelhsne 
Ethanol 

Emission Rate 
Sitc I 
4.92 
0.40 
0.28 
0.W 
0.40 
0.00 
0.00 
0.00 
1.56 
0.00 
2.41 
0.00 
0.00 
1.10 
0.00 
0.00 
1.56 
0.00 
0.00 
1.56 
0.28 
0.00 
0.00 
0.00 
4.M 
0.00 
0.00 
0.76 
0.00 
7.60 - 

_I 

Site 2 
5.08 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
0.00 
0.00 
0.00 
0.08 
0.00 
0.00 
1.51 
0.00 
0.00 

- 

- 

Inl'ls) - 
Site 3 - - 
10.92 
2.78 
1.16 
0.00 
0.74 
0.52 
0.00 
0.00 
0.12 
0.00 
0.17 
0.00 
0.00 
0.14 
0.00 
0.17 
0.36 
0.00 
0.00 
0.00 
0.40 
0.00 
0.00 
0.00 
0.84 
0.00 
0.00 
0.00 
0.00 
0.16 - 

The results show that, although the cover surface had appeared 10 have undergone additional 

curing, the eniission ratcs have increased for the majority OF compounds compared to the 

rneasurgnients conducted a week ago on July 25.  However. emissions from Sire 2 have significantly 

decreased. This i s  also evident in Table 14, which shows the percent reduction in the emission r a t s  

from July 22 10 July 31 



Tnhle 11: I’ercccnt Rcduction In Emission Rates lion1 July 
22 to July 31. 

11 Target Compound I Emission Rntc Rcduction (%) 

Acetone I 58.3 
Bcn7mc 
I-Bulanol 
Bulnncdiol 
2-Bunnol 
Butenal 
Chlorobcnzrne 
Cyclohcsanc 
Ethyl Bcnzcne 
Heptane 
Merliyl Ethyl Kclone 
2-Mclhyl tlexme 
3-Mcthyl Hcxanc 
Mclhyl lsobutyl Kclone 
Mclhyl Pentanone 
o-Xylcne 
p-,m-Xytcne 
Propnnal 
Propanol 
Styrene 
Tclr~cl1lorell1ylene 
I .3.5-TrimcthyI Benzene 
I &-Trimethyl Bcnzcne 
1.2.3-Trimehyl Bcnzene 
Toluene 
Acetaldehyde 
DifureFunn 
Dichloromethme 
Ethanol 

49.8 
51.1 
73.5 
N A  

99.9 
99.9 
99.9 
663 
NA 

-410.1 
NA 
99.3 
53.0 
99.9 
99.0 
80.0 
NA 
NA 

77.2 
41.5  
99.9 
99.9 
99.9 
70.2 
NA 
NA 
N A  

NA: Emission Rate Below Detection Lev 

-94.7 I 24.7 
86.2 
NA 
NA 
NA 
NA 
N h  
NA 
99.9 
NA 

99.9 
NA 
Nh 

99.9 
N A 
NA 
99.9 
NA 
NA 
99.9 
Nh 
N A  
NA 
NA 
98.5 
NA 
NA 
NA 
NA 
NA 

-188.5 
-36.6 
99.9 
87.5 
-8.7 
99.9 
99.9 
97.0 
99.9 
97. I 
99.9 
99.9 
86.1 
NA 
NA 

97.6 
99.9 
NA 

99.9 
96.3 
99.9 
99.9 
99.9 
94.6 
NA 
NA 
NA 
NA 
NA 

I 

73.7 703 I 

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

July 25 to 55.7% on July 3 1 at Site I .  Similarly, at Site 3 .  the average emission rate has changed 

from 82.3% on July 25 to 70.3% on July 3 I .  However, the emission rate at Site 2 is now cornpx3hlc 

to the other sites wi lh  il~l cmission rate reduction, compared to the initial measurements on July 22 

o f  73.7%. The reason for the slight increase in the emissions at Sites 2 and 3 is unclear. Tlmc was 

no indicalion from ohservaiion oftlie cover surface that deterioration liad taken placc. In hct. thc 

surface was roiind to he harder and looked nmre likely to he less perinenhlc. ‘Therefore. Ihc 

I 
I 
I 
I 
E 
I! 
!! 
f 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
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diffcrencc m y  bc due to.iust statistical variation in the analysis from sample to sample. l’hcre is 

also no csplanadon in the results froui Site 2. as again there was no evidence oichangc iu 111c cover 

s t d m  at illis location. 

1 ~iirarnetcr 

Purge Start (hours) 
Sweep Rate (Ihnin) 1 Sample Start (hours) 
Sample End (hours) 
Sample Flow Rak (ml/nlin) 
In~crnal Prcssure (“11,O) 
Waste Temperature (C) 
Ambient Tempemure (C) 
Wind Speed (nds) 
Weather Conditions 
Sample Tuhe Nurnbcr 

3.1.5 Two Wccks After Covcr Application -August 7 

Table 1 5  prcsents the sanipling parameters on August 7. 

Sire 1 

0910 
17.7 
1020 
I110 
200 
0.02 
22 
21 
1.5 

Sunny 
B 

Site 2 

1122 
17.2 
1153 
1301 
300 
0.04 
30 
26 
2.5 

Sunny/Hol 
D 

Site 3 

1303 
11.2 
1341 
14-14 
300 
0.03 
30 
26 
2.0 

Sunny/Hot 
F - 

There was IiItIe change in the cover surface from that observed on July 3 1. A few cracks had 

appeared, but they were relatively small. Table 16 presents the sampling results for August 7, two 

weeks afier cover appfication. The table shows the emission mte in ng/ni’/s for the target compounds 

at each sampling location. 



T n h l e  16: Sampling Results - August 7 

Target Compound 

Acdonc 
Bcniene 
I-Bulanol 
Butnnediol 
2-Butanol 
Bulcnal 
Chlorobcnrcne 
Cyclohcxanc 
Ethyl Benzene 
I lcptanc 
Mcthyl Ethyl Ketone 
?-Methyl I-lcxanc 
3-Methyl Flcxane 
Methyl Isoburyl Kclonc 
Mclhyl Pentanone 
o-Xylcne 
p.ni-Xylene 
Propanal 
Propanol 
Styrene 
Tctrachlorclhy lctie 
I .3.5-Tritnethyl Benzene 
1.2.4-Trimethyl Bcnzcne 
12.3-Trimelhyl Denzene 
Toluene 
Acetaldchgde 
Difuro-Furan 
Dicli lorometliane 
Ethanol 
Methyl Bulanol 

Site I 1 site2 
I 

1.84 I 6.60 
0.12 
0.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.52 
0.00 
0.16 
0.00 
0.00 
0.44 
0.00 
0.00 
0.60 
0.00 
0.00 
0.36 
0.16 
0.00 
0.00 
0.00 
2.40 
0.00 
0.00 
0.32 
0.00 

0.00 
0.00 
0.00 
0.jG 
0.00 
0.00 
0.00 
2.56 
0.32 
0.00 
0.00 
0.00 
2.20 
0.00 
0.00 
5.32 
0.00 
0.00 
4.8-1 
0.68 
0.56 
0.48 
0.00 
10.12 
0.00 
0.00 
1-56 
0.00 

I .04 I 5.40 

Sitt 3 
6.04 
0.20 
0.20 
0.00 
0.56 
0.00 
0.00 
0.00 
0.20 
0.00 
2.32 
0.00 
0.00 
0.45 
0.00 
0.20 
0.G8 
0.00 
0.00 
0.00 
0.64 
0.00 
0.00 
0.00 
1.68 
0.00 
0.00 
0.04 
0.00 
1.64 

The emission rates in Table 16 are similar to the emission nies measured on July 24 and 25. 
Therefore it appear; that the results on July 3 1 may have been an anomaly, This is eyident in Tablc 

17, which shows the percent reduction in the emission rates from July 22 to August 7. 1 
1 
1 
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Target Compound Emission Rate Reduction (%) 

Sitr I - 1  ~ i t r 2  1 Sifr '3 
L .. - . .. .. . 

,C;:.":l: 

Bcnzenc 
I-Butanol 
Butoncdiol 
2-Buranol 
B u I e n n I 
Chlorobenzene 
Cyclohcsuie 
Eihyl Denzcnc 
I Iepmne 
Mcihyl Eiliyl Krlone 
2-Methyl Iiexane 
j-Mcdiyl I lexane 
Mtthyl Isoburjl K:cIoiir 
Mcihyl I'enlanonc 
O-XylcIlz 
p-.in-Xylcnc 
Propand 
Propand 
Styrene 
Ternch lorclhylenc 
1.3.5-Triinethyl Benzene 
1,2.J-Trimelbyl Bcnrcne 
l,?,3-Trirncihyl Benzene 
Toluene 
Acmldchyde 
Diruro-Furm 
Dichloroilirlbane 
Elllmul 

,4.. 

81.9 
81.2 
99.9 
NA 
99.9 
99.9 
99.9 
88.8 
N h  
-58.9 
NA 
99.9 
82.8 
99.9 
99.9 
92.3 
NA 
NA 
94.7 
66.6 
99.9 
99.9 
99.9 
82.3 
NA 
NA 
N A  
NA 

Methyl Buraiiol NA 

Avenge I 84.9 
NA: Emission R a w  Below Deteclion Lev 

I 

. .  
.1.-:,2 

99.9 
NA 
N A  
NA 
NA 
NA 
NA 

-225.6 
NA 
99.9 
NA 
NA 
-6S.6 
NA 
NA 

-205.9 
NA 
N.4 

-27 I .o 
NA 
NA 
NA 
NA 

-83.7 
N A  
NA 
NA 
N.4 
NA 

-101.0 

:3.* 

79.1 
86.1 
99.9 
70.7 
99.9 
99.9 
99.9 
95.0 
99.9 
44.0 
99.9 
99.9 
86.2 
NA 
NA 

95.3 
99.9 
NA 
99.9 
94.0 
99.9 
99.9 
99.9 
89.2 
NA 
NA 
NA 
NA 
NA 

90.8 

The table shows that the average reduction in the emission rate is similar to the reductions 

measured on July 24 and 25 .  The average emission rate reduction a1 Site 1 was 84.9%, compared 

10 Y7.5Yb on July 24, S8.3Sk on July 25 and 55.7% on August 7. At Silt 3, the average emission raie 

rcduction was 9O.S%. compared 10 86.5% on July 24, 92.2% on July 25 and 70.3% on luly 31.  

However, the average emission rnle at Site 2 is again showing a11 incrrdse compared 10 the original 

nic:isurenicnts on July 22. Thcrdore, it appears that the rneil~u~riiien~s cooduc~ed on July 31 were 

anomalous. 
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3.1.6 Thrce Weeks Aftcr Covcr Application -August 14 

Table 18 presents the sampling parametcrs on August 14. 

Table 18: Sampling Parwneters -August 14. 

Paramctcr 

Purge' Start (hours) 
Sweep Rate (bin) 
Sample Start (hours) 
Sample End (hours) 
Sample Flow Rate (ml/min) 
lntcrnal Pressure rH20) 
Waste Temperature (C) 
Ambient Temperature (C) 
Wad S p e d  (m/s) 
Weather Conditions 
Sample Tube Number 

Site 1 

1030 
17.2 
1122 
1222 
300 
0.025 

24 
25 
2.5 

Sunny 
D 

- 
Sitc 2 Site 3 

I256 
1356 1444 

0.05 0.045 

2.7 2.5 
SunnylHot SunnylMot 

Similar to the observations made on August 7, thcre was liftlc change in the cover surface. 

Tahk 19 presents the sampling results for August 14, three wecks aner covcr application. The tablc 

shows the emission rate in ng/m'/s for the target compounds at each sampling localion. 



Talilc 19: Sampling Results - August 14. 

0.26 
0.08 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 
0.04 
0.00 
0.20 
0.00 
0.00 
0.16 
0.00 

0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 
0.00 
0.36 

0.00 

Targct Compound I 
3-12 
0.56 
0.00 
0.00 
0.00 
0.68 
0.00 
0.00 
I .64 
0.00 
0.96 
0.00 
0.00 
I .08 
0.00 

3-16 
0.00 
0.00 
7.68 
0.28 
0.00 
0.00 
0.00 
7.20 
0.00 
0.00 
1.12 
0.00 
4.81 

0.00 

Benzene 
I-Du~anol 
Butancdiol 
7-Buranol 
Bulcnd 
Chlorobenzenc 
Cyclohuxmr 
Erliyl Benzene 
Heplane 
Methyl Elliyl Kclont: 
?-Methyl Hcsane 
3-Melhyl tlcsanc 
Mcrhyl lsobutyl Kclone 
Methyl I'enlanonr: 
o-Xylenc 
p.m-Xylcnc 
Propanal 
Propnnul 
Styrene 
'I'rtmch lorethylenc 
I ,3.5-Triinethyl Btnzcnc 
I .2,4-Trimethyl Benzcne 
12, j-TriinSlhyl Benzcne 
Toluene 
Aceclldrhydc 
Difuro-Furati 
Diclrlororncrhane 
Edianol 
Methyl Butanol 

Emission Rate (ng/mz/s) 

Site 3 
4.76 
0.16 
0.28 
0.00 
I .24 
0.70 
0.00 
0.00 
0.08 
0.00 
2.16 
0.00 
0.00 
0.32 
0.00 
0.00 
0.16 
0.00 
0.00 
0.08 
0.00 
0.00 
0.00 
0.00 
0.48 
0.00 
0.00 
0.00 
0.00 
11.96 

The emission mtes in Table 19 arc similar to the emission rates measured the previous week 

on Augus~ 7. In fact, with the exception of methyl 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 

h i 1  July 22 LO August 17. 



Table 20: Percent Reduction In Emission Rales from July 

Target Compound 

Acetone 

Emksic 
Site 1 
96.9 

Chlorobcnzene 

Methyl Penfenone . 

12.3-Trirncthyl Bcnrcne 

Dichlomrnethnnc 

-19.6 
90.0 
99.9 
99.9 
NA 

99.9 
99.9 
99.9 
99. I 
NA 

58.2 
NA 

99.9 
93.7 
99.9 
99.9 
99.0 
NA 
NA 

99.9 
99.9 
99.9 
99.9 
99.9 
98.5 
NA 
NA 
NA 
NA 

1 61.2 

Methyl Butanol 

Avcragc 

37.9 
NA 
NA 
N A  
NA 
NA 
N A  

-153.9 
N A  

26.4 
NA 
NA 
17.2 
NA 
NA 

-81.7 
NA 
NA 

-120.8 
NA 
NA 
NA 
N A  
->0.7 
N A  
NA 
N A  
NA 
N A  

83.3 
80.5 
99.9 
35.2 
58.2 
99.9 
96.9 
98.0 
99.9 
41.9 
99.9 
99.9 
90.0 
N A  
NA 

91.9 
NA 

98.6 
99.9 
99.9 
99.9 
99.9 
96.9 
NA 
NA 
NA 
NA 
NA 

98.9 

I 
-40.6 88.8 

The cahle shows similar resulk to the previous weeks measurements at Sites 1 and 3. There 

was a slight improvement nt Site 1 where the average reduction increased from 84.9% to 96.7%. 

At Site 2 the average reduction dropped from 90.8 % to 88.896, primarily due to the increased 

emissions of methyl buhnol. Site 2 showed the similar cmissions increase compared to thc initi:il 

measurements on July 22. 
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3.2 Summary uIRcsults 

Table 21 presents a summary of the percent reduction in emissions for selected compounds 

during all five sampling periods. Compounds that were-not dcteclcd during any of the sampling 

periods (e.g., dichloromethanc, cthanol, ctc.) were omitted fiorn the table. Sunirnaq results Tor Siic 

2 have not been presented due to the anomalous nature of h e  data It is suspected that the anomalous 

results from Site -7 were due 10 either poor application ofcoveral this localion (see Table 5, Section 

3.1 2)  or a chemical rcaction between the cover and the waste. 
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The summary table shows ihat, for the two sites considered, over the 21-day study period. 

the a\wage emission reduction ranged from SS.S and 96.7 %. The effectiveness is slightly less for 

scme of thc more volatile species (e.g., acetone)), where the emission rcduclion was more variable. 

tlo~vever, this may be due to sampling artifacts other than actual variations in the effectiveness of 

tlic cover. Figtlrcs 5 and 4 show the emission rates for four selcct compounds; acetone, m&p- 

sxlcnc. styrene and toluene. at Sites 1 and 3, respectively. ovcr the t i -day sampling period. Thc 

cmission rates were lowest immediately afler the Posi-Shell was applied. By Day 2, (post-coyer). 

_- 
Asscssrncnl of Cover Application lo Rcducc Air Cniissiuns from Ilmariluus H-Wc 

1)cccnihcr 22. 1997 - Ladla,! Corunm Facilil! . Projh'l #W-J I I r;!pc 24 

I; 
I 
i 
I 
91 
f 
8 
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the cniissions had gcncnlly incruased, but a steady reduclion W:IS h i n d  in cniissions over the I ~ C S L  

3 weeks at Site I .  The findings wcre similar ill Site 3 howwer, there was slighily niore variability 

for some ofthe select compounds. The figures clearly show an overall rcducrion i n  emission rites 

over the study period particularly aAer the cover malerial had ihe opportunity LO cure. Therefore, 

it appears that, during the 21-day period of this study, the Posi-Shell cover material appeared 10 bc 

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

I 

RWDI pcrformed an assessmcnt 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 using an isolation flux chamber. Thrce sample positions were studied. 

I 

The results indicated that, over the 21 -day study period. missions of the target compounds 

from the two sites a1 the pit face were reduced by about 89 to 97%. Anomalous findings were 

cncountered at the sccond location which nppearcd to be related to a chemical reaction with the 

waste that may have changed the binding characteristics of the Posi-Shell. With minor csceptions. 

the covcr appearcd to form a resilient surface, free from major cracks, after curing. When properly 

applied, the covcr application was demonstrated to be an effective covcr material, capable of 

dramatically rcducing emissions for lhe larget compounds. 
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Schematic Drawing 
Flux Chamber Sampling Assembly 
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