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1.0 	INTRODUCTION 

On May 2, 1984 a Monenco hydrogeologist, 

Mr. Kevin J.D. Ridley, was appointed by the Environmental Assessment 

Board for Ontario as its "expert witness in hydrogeology and related 

fields pursuant to Section 18 (9) of the Environmental Assessment Act 

in respect to the Hearing concerning the Burlington Landfill 

Expansion". Details describing the duties associated with this 

appointment are outlined in Appendix A. Briefly, Mr. Ridley is 

directed by the Board "to investigate the hydrogeology and related 

matters involved for the proposed Burlington Landfill Expansion", the 

bulk of which is contained in Volume 2 of the M.M. Dillon Ltd. report 

entitled "Burlington Landfill Site: Application for Continued Use" as 

prepared by Gartner Lee Associates Limited (GLAL). A written report 

of Mr. Ridley's findings and conclusions will be submitted to the 

Board. Mr. Ridley, in his capacity as a Board witness is also 

expected "to render guidance and advice to the Canadian Environmental 

Law Association which represents West Burlington Citizens' group". 

The main review focussed on Volume 2. However, Volumes 1 and 

3 of the above report as well as previous reports concerning the 

hydrogeologic aspects of the Burlington Landfill Site, the Bayview 

Landfill Site and the National Sewer Pipe property were also reviewed. 

2.0 	GEOLOGIC SETTING 

Mr. Ridley concedes the interpretation of the regional and 

site geology as presented by GLAL in Volume 2 (1984). 
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3.0 HYDROGEOLOGIC SETTING q 

Mr. Ridley is in general agreement with the definition and 

flow directions of the "water table" and "bedrock" groundwater regimes 

as they are presented. However, it is felt that there is probably a 

more pronounced flow component toward the Indian Creek Watershed in 

the water table regime (Figure 0.13) and a definite flow component 

toward the Indian Creek Watershed beneath the East Ditch where none is 

depicted by GLAL in Figure 0.16. Both of these flow components are 

important because at present there is no toe drain system in this 

area. It is also felt that although the main flow component is 

southeasterly, more emphasis should be directed towards the "lesser" 

flow components toward Falcon Creek and Indian Creek. 

There is also general agreement that the area is a 

groundwater recharge zone as indicated by the vertically downward 

gradients. However, there is no mention of a groundwater discharge 

zone on or off the site as indicated by other workers at the adjacent 

Bayview site. Mr. Ridley feels that after reading the GLAL report 

(1984) they are assuming that all groundwater discharge from the 

Burlington site occurs in Lake Ontario. 

No quantitative estimation of groundwater flow in the shale 

in the vicinity of the site was presented in the GLAL report (1984). 

The quantity of groundwater movement is defined by Q = KiA 

where Q = groundwater discharge, L3/T 

K = hydraulic conductivity, L/T 

i = hydraulic gradient, L/L 

A = cross sectional area of flow, L2  

For illustrative purposes a simple calculation can be made to 

quantify groundwater movement in the vicinity of the site using the 

following assumptions: 



- The average hydraulic conductivity for the shale is 

5 x 10-8  m/s (pg. 0-149, GLAL, 1984) 

- The average lateral hydraulic gradient is 0.045 (pg. 0-150, 

GLAL, 1984) 

- The reach at the downgradient toe of the landfill is about 

350 in (Fig. 0-1, GLAL, 1984) 

- The gradients are downward in the shallow regions of the 

continued use area but "gradually flatten to become more 

lateral at depths of possibly 20 to 30 m" (pg. 0-32, GLAL, 

1984). If it is assumed that the till averages about 10 m 

thick in this area (pg. 0-119, Fig. 0.8, GLAL, 1984) then the 

lateral transition occurs between a depth of 10 to 20 m in 

the shale. Assume a transition depth of 10 in into the shale 

that is uniform over the whole site and that the saturated 

thickness of active lateral groundwater flow in the shale is 

20 in, (ie. 30 m below the top of the shale). This is 

verified by GLAL work at Bayview for M.M. Dillon (1982) where 

the hydraulic conductivity of the shale at a depth of around 

30 in was about 1 x 10-9  m/s (pg. 57, Acres, 1982). 

Therefore, 

Q = 5 x 10-8  m/s x 0.045 M x 350 in x 20 m 

x 86400 	x 365 d 
a 

= 496.7 m3/a  
= 500,000 L/a 

Given the above assumptions, about 500,000 L of groundwater 

per annum flows laterally in a southeasterly direction through an 

assumed cross sectional area in the shale about 10 m below the top of 

the shale. 



To conclude the general discussion on the hydrogeologic 

setting, the velocity of groundwater movement in the shale and the 

breakthrough time of leachate through a 1.5 m thick till layer can be 

re—analyzed using acceptable alternative methods. These analyses 

demonstrate the potential for different impact scenarios on the 

hydrogeologic regime at and off the site that were not discussed by 

GLAL in Volume 2. They will be discussed in detail later. 

of col,(.6,74, Z>") 
4. 	EACHATE CHEMISTRY ea. 

It has been agreed by all parties that the leachate that was 

collected from the toe drain collection system is dilute. However, _ 

quantification of the amount of dilution cannot be determined and 
-------- 	 -- - 

estimates of the amount of dilution cannot be agreed upon. The 

reasons that the leachate is dilute are: 

r444e 4;t: 

10-c. d/2-eti44. 
? 

_'sampling  was performed during periods of potential water 

surplus 	/,‘,1 	 AA>) 	01-%9 a_ cl,<-6,&- -ea4 

lie 

unknown volumes of groundwater have infiltrated into the 

collection system from outside the fill area 

it is suspected that the retro—fitted toe drain is only 

collecting leachate from a small portion of the original site 

and that the underdrain system from the 1980 expansion is 

collecting 90% of 4 diluted leachate)due to the relative 

youth of the expansion. 

Monitors 8A and 11A both have a standpipe in the refuse and a 

piezometer beneath the refuse in the shale. It has been indicated on 

page 0-42 that "extensive chemical analysis has been carried out on 

samples of the leachate collected from these monitors", i.e., 11 

analyses total from all 4 instruments installed in these 2 monitors. 



Pages 0-164 to 0-167 inclusive show the analyses for these monitors. 

It is felt that these samples of "leachate" have also been diluted and 

never achieved equilibrium over the very short duration that they were 

sampled (8A - Oct. 1980 to April 1981; 11A - Oct. 1980 to Nov. 1981). 

These holes were augered open hole through the refuse and then 

triconed with City water through the augers. Drilling water has 

leaked from the auger stand, infiltrated the refuse and the shale and 

caused dilution of the leachate. Judging from the range of dates all 

recorded sampling of these monitors were performed prior to GLAL field 

personnel improving their bailing and sampling techniques. However, 

dilution with drilling water and poor bailing practice would only 

account for dilute readings in the initial stages since the refuse is 

possibly more permeable than the upper shale. In the longer term of 

these monitors' very short chemical sampling program the leachate in 

three of them appears to be improving in quality (8A-II, 11A-I, 

11A-II). This implies that the seals emplaced to isolate each 

sampling zone were defective permitting surface water to seep into 

each hole and dilute the leachate sample. The sample program for 

piezometer 8A-I appears to have been prematurely cut short as the 

chemical data implies an apparent increasing concentration trend with 

time. 

Table 4.1 shows ranges of variations in leachate 

concentrations (Pohland, 1980). 

Mr. Leech gave evidence that he felt the leachate 

concentration was low and that if he had to assume a Cl concentration 

given no chemical data at all, he would choose a value in the range of 

1500 to 2000 mg/L. This value falls at the low end of the range given 

in Table 4.1. However, leachate chemistry varies from site to site as 

well as temporally and spatially within each site. 
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TABLE 4.1 RANGES OF VARIATION IN LEACHATE CHARACTERISTICS 

Reported Range 
.Leachate Parameter 	 of Analysis 

pH 
Total Alkalinity, mg/1 as CaCO3  
Chemical Oxygen Demand (C)D), mg/l.  
Biochemical Oxygen Demand (BODO, mg/1 
Total Organic Carbon (TOC), mg71 
Total Volatile Acids (TVA), mg/1 as Ch

3
COOH 

Organic Nitrogen, mg/I N 
Ammonia Nitrogen, mg/1 N 
Nitrite-Nitrate Nitrogen, mg/1 N 
Total Phosphorus, mg/1 P 
0-Phosphate, mg/I P  

<5 - >8 
0 - >10,000 
<100 - >100,000 
<10 - >100,000 
<100 - >25,000 
<10 - >10,000 
<1 - >1,000 
<1 - >1,000 
<1 - >100 
<1 - >100 
<1 - >50 

Specific Conductance, pmho/cm 
Oxidation Reduction Potential (ORP), my 
Total Solids, mg/1 
Total Dissolved Solids, mg/1 

<1,000 - >15,000 
<-200 - >+100 
<1,000 - >50,000 
<1,000 - >50,000 

Total Hardness, mg/1 as CaCO3  <50 - >20,000 
Chloride, mg/1 <100 ->10,000 
Sulfate, mg/1 <10 - >1,000 
Calcium, mg/1 <100 - >5,000 
Magnesium, mg/1 <20 - >15,000 
Sodium, mg/1 <50 ->5,000 
Potassium, mg/1 <50 - >3,000 
Iron, mg/1 <1 - >2,000 
Zinc, mg/1 <1 - >300 
Copper, mg/I <I - >10 
Cadmium, mg/1 <1 - >10 
Lead, mg/1 <1 - >2 
Nickel, mg/1 <1 - >2 
Chromium, mg/1 <1 - >2 

Source: Pohland, 1980 



Monitoring station 8 was drilled on January 24, 1979 and 

equipped with one piezometer and one standpipe. Figure 4.1 shows the 

GLAL log for this hole. These instruments were destroyed or buried on 

February 6, 1980. In the interim both of these instruments were 

sampled for chemical analysis. Tables 4.2 and 4.3, both compiled by 

GLAL, respectively show the results of the analyses for the standpipe 

and the piezometer. The standpipe which is located in the refuse 

shows a Cl concentration on May 2, 1979 of 1,190 mg/L. Just over one 

month later on June 4, 1979 the Cl concentration had increased to 

13,000 mg/L. This instrument was destroyed or buried about 8 months 

later but there is no record of any more sampling for chemical 

analysis. Both the standpipe and the piezometer in monitor 8 show 

increasing Cl concentration trends implying that concentrations may 

have increased even more. Moreover, both of these Cl concentrations 

exceed the present leachate Cl concentrations reported by GLAL in 

Volume 2 and Mr. Leech's assumed Cl concentrations. For unknown 

reasons monitor 8 was never again sampled for chemistry purposes over 

the 8 months prior to its destruction. 

Another interesting observation about monitor 8 was that the 

June 4, 1979 sampling date occurred during a period of "potential 

water deficit". This is the only sampling event for chemical analysis 

of leachate that has occurred during a potential water deficit period. 

04-k. 	k,flpi,Att 	 A very rough estimate of the dilution of the leachate as 

kAX,  /Vat 	sampled from the toe drain collection system can be determined. This 

is achieved by using the concentrations of Cl and BOD in monitor 8 and 
1 	-t 414ei- comparing them to their April and November, 1983 concentration 

counterparts (pg. 0-195, GLAL, 1984). Table 4.4 displays these data. 

The leachate concentrations of Cl and BOD range from 17 to 120 and 12 

to 44 times respectively more concentrated than in the toe drain 

samples. Moreover, the Cl ratios are conservative because if the 

increasing concentration trend continued in monitor 8 the ratios would 

be even greater. 



FIGURE 4.1 

BOREHOLE NO.  R 
	

SOURCE: M.M. DILLON, 1979 

PROJECT NAME aURLINGTON LANDFILL SITE 	PROJECT NO 78-92  
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TABLE 4 . 2 	WATER ANALYSIS RESULTS 
	

SOURCE: M.M. DILLON, 1979 

LOCATION 
	

B_ORFKOL 17  84  SIANDPi2E  1L_ 
	

REMARKS 	  

DATE 	May 2, 	rJune 4, 
s PROPERTY 	 1979 	I 	1979 

......,.., , 
1 -CONDUCTIVITY 	P MHCS 	cm. 	13,850 	15,600  
; 

pH 	 5.5 5.7 

HARDNESS (Ca CO3) 	 I 

	

8,000i 	10,100 

ALKAUNITY ;Ca CO3) 	 0,8901 1;ce 
 

CHLOP.1DES 	(CI) 	 1,1901 1 

SULPHATES 	(SO4) 	 750 1 
? 
'PHDSPHORC.)USI TO 1 
' 	AS 	P 	1 SO:0010 ) 

..7.- 	Tor.:;.); 	•`>,;aidaii 	 720 

1:J 
(L)  Frec Ammonia 

0 
cc 	Ni','rit-3 
I— 	 1 t _ 

Nitr::;tc: 
1 

POwsiurn WO 	 I 
570 	1 	1 , 

Mr 	um 	 i a7r3si 	(Pig)
.  

cr) 	 i 
_. 
)-- 

' 	....:.,oc:iun-l(Na) 930 	! 	I 

iron (Fe) 	 800 	970  
! 

3.0.0. 	 ' 	i 	6 	000 

, 

i_ 
NOTE: concentrations in p.p.m. un;ess otherwise ,loted. 

   

Gartner Lee Associates Limited 
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TABLE_ 	Si-IEE"' 	 

 TAB LE 4. VI FA 
2::2 A =v;  

`‘. 	4 S 
SOURCE: M.M. DILLON, 1979 

LOCATION 
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, ..... 	 , 
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. 	 ; 
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I 	
i
, 
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, 
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SLIL7,-IATEF: 	:Sot.) 	 360 i 	420 	 i 

","e„-.1't 
, 

.. 

7of'ri cJ  ; 
: 	',.1_) Free 	Arnrr.onic 	 t 	I 

1 	1 0 	 i 	I 	i 
Nit ri' i 	9 

I 	7..:: 	 1 	 }, 

.1 	 1 
Pcott7,77..;iurn WO 	 i20 ....2. 

i 	c  pncslum (Mg) 
— 
< 	' 	Colc -.1r: r,Cc.) — 

i

• 
1 

3c.-...".:7-. 	•:"`',.-.7) 	 740 	i 	3,200 
i , ron 	) 	 19 	 i 

I 
I 

- 	A 
! 	P1-:EN0L3 	(ppb) 	 130 	, I 
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TABLE 4.4 

Estimated Dilution Ratios 

Monitor 8-11 	 Toe Drain 

June 1979 	 April 1983 	 Nov. 1983 	Range of 

*Dilution 
Cl 	 BOD 	Cl 	BOD 	Ratios 

13000 	 108 	— 	762 	— 	17 to 120 

26000 	 2260 	 594 	12 to 44 

All concentrations in mg/L. 

*Dilution Ratio is a relative indication of a constituent's 

concentration in leachate from 8-11 as compared to leachate .rrom the 

toe drain collection system. 



If the leachate from the toe drain collection system is as 

dilute as indicated by the above then organics that were found in 

various monitors downgradient of the landfill would not be detected 

in the toe drain samples because of the extent of dilution, i.e., the 

leachate in the toe drain was so dilute that the concentration of 

these organics were below the detection limit of the analytical 

equipment used. 

It is imperative that leachate from the refuse be sampled for 

analysis from instruments located within the refuse. 

Mr. Leech also stated in evidence that GLAL has sampled 

leachate springs from other sites. If this is common practice then 

why has it not been conducted at this site? 

To briefly summarize this section, it is felt that the 

c;_ position of the leachate is an extremely important parameter and it 

.ust be accurately determined. Mr. Ridley is not convinced that this 

has been achieved. It is his concern and to the benefit of all 

prties that the leachate chemistry be accurately determined in order 

to evaluate the present impact of the landfill site and the p,)tential 

Future impact of the proposed expansion on the hydrogeologic regime. 

1-v(40 1  
— - 

5.0 GROUNDWATER CEEM1STRY  a 

Accurate determination of the background groundwater . 	_ 

chemistry at the site, as is the case for the leachate, is parmcJunt 

and necsary for the deline;2tion of the eilating plume and the extent 

to which the area groundwater is centaminated. It is felt that the 

hpekground groundwater chemistry in the shale at the site is not 

m. It is also felt by all parJ.es ti-t groundwater quality 

— 12 — 



deteriorates with depth. However, the extent of the deterioration is 

not known and cannot be quantified until the background groundwater 

chemistry has been determined. _ 

Upon observation of the "Groundwater Analysis Results" 

contained in Appendix 0-3, (GLAL, 1984), it is evident that there is 

substantial variation in the data base within individual instruments 

(for example COD and Fe, Nov. 1983, 14-11, pg. 0-177 and 17-11, 

pg. 0-185). These variations could be a result of: 

- seasonal fluctuations 

- poor bailing and sampling practice 

- surface water contamination 

A condition of electroneutrality must exist for electrolyte 

solutions. Crodudwater is an electrolyte solution. Electroneutrality 

means that the :_>um of the rositive ionic charges is equal to the ,nm 

of the negative ionic charges. 

expressed as: 

The charge-balance equation is 

ZMa  

where 

Z = ionic valence 

Mc 	molality of t'ie i usitive ion spcies 

Ma 	 ,-) = TiolaliLy of tl-le 	 ::f?cies 

wkAati./ 

	

	 The charge-balance equation can be used to indicate the 

at/lAit-464-14.(-C accuracy of a water analysis. Significant deviation from equality 

4 ,-, dirates that: 

- there are analytical errors in concentrations or 

- 13 - 



analysis of certain ionic species present at high 

concentration levels was omitted. 

Deviation from equality is commonly expressed as: 

E= 	  x100% 
ZMa  

where 

E = charge-balance error 

A charge-balance error of ±5% is normally considered 

acceptable. 

The charge-balance error was determined for all groundwater 

analysis data contained in Appendix 0-3 where all major common ionic 

species were listed. Table 5.1 lists these results. Millicquivalents 

per liter were used for the analysis of the charge-balance error. The 

major ionic species used to compute the charge-balance error were Ca, 

Mg, K, Na, Fe (when present in sufficient quantities), Cl, SO4 and 

alkalinity. The alkalinity because of the pH range was assumed to be 

mainly HCO3 and it was converted to milliequivalents of HCO3. 

Of the 74 analyses listed in Table 5.1, 47 (or 63.5%) 

e-xceeded the acceptable ±5% charge-balance error. This implies that 

there are either analytical errors in the concentrations or that an 
_ 

ionic si-,ecies present at high concentrations levels was not included 

in the ,nalysis. The anionic species, PO4 and :M3/NO2, were generally 

inclnc:-1 in the analyses in Appendix 0-3 but their relative 

concentrations were low compared to the other anions present. 

Refer to Table 4.1 for a list of cournon constituents that are normally 



Borehole No. 

TABLE 5.1 

Charge-Balance Error, 	% 

DATE 
Nov. 	1981 	 July 1982 Nov. 	1983 

I 1 
II 
III 

-5.65 
+11.77 
no analysis 

-10.98 
+12.77 
no analysis 

-0.87 
+8.54 
-10.97 

2 I 
II 

+8.13 
+11.21 

+0.06 
+8.37 

no analysis 
no analysis 

7 I 
II 
III 

no analysis 
no analysis 
no analysis 

-3.08 
+19.57 
+62.31 

+5.26 
+28.17 
+12.83 

8A I 
II 

no analysis 
no analysis 

no analysis 
no analysis 

no analysis 
no analysis 

11A I 
II 

+18.97 
+28.15 

no analysis 
no analysis 

no analysis 
no analysis 

12 I 
II 
III 

+1.13 
+2.09 
+50.03 

+21.40 
+2.16 

insufficient data 

+3.12 
+3.39 
no analysis 

13 I 
II 

+0.11 
+14.30 

-2.54 
+7.98 

-0.45 
+9.92 

14 I 
II 

+4.05 
-0.15 

+1.09 
+5.97 

-1.93 
+20.62 

15 I 
II 

+7.21 
+19.40 

+1.94 
+8.50 

-1.48 
+9.89 

16 I 
II 
III 
IV 

+18.04 
-1.89 
-5.16 
+13.11 

+1.24 
-0.91 
-2.50 
+7.90 

-2.46 
-2.68 
-1.60 

+11.95 
17 I 

II 
III 
IV 

+5.64 
+7.37 
+9.27 
+10.99 

-10.64 
+3.19 
+5.50 
+17.01 

-12.83 
+2.77 
49.10 
+34.20 

18 I 
II 
III 

- 
- 
- 

- 
- 
- 

-2.12 
4-20.56 
+23.55 

22 I 
II 
11I 

_ 
_ 

- 

_ 
_ 

- 

+17.18 
+20.94 
+22.48 



found in leachate. Assuming the leachate parameters from this table 
- 

represent a complete list of all commonly dissolved conSituents 

normally found in leachate and that the most common of the dissolved 

ionic species in groundwater have been taken into account in the 

analyses, i.e., Ca, Mg, K, Na, Fe, Cl SO4, HCO3/CO3, NO3/NO2 and PO4; 

it would appear that greater than 60% of the groundwater chemical 

analyses are not acceptable. It is surprising that this simple and 

routine analytical check had not been previously conducted. 

It is agreed that the groundwater chemistry of the Queenston 

shale is sufficiently concentrated in certain species to possibly 

render it not potable. However, because reliable background 

groundwater chemistry is not available at the site other sources of 

chemical data for the Queenston shale are needed. Funk (1979) has 

determined the groundater quality in the Queenston shale in the 

vicinity of the East and Middle Oakville Creeks. Table 5.2 

his data. He concluded that "samples collected from the Queenson 

Formation reflect a high variability in chemical composition being 

higher in total dissolved solids, sulfate, chloride and sodium content 

than samples collected from other hydrogeologic units" and that "some 

of the water samples collected from the Queenston Foration" are 'lot 

"suitable for doloestic and irrigation uses". Upon closer obervation 

of these data it appears that the groundwater quality is no where near 

as poor as in the Qeeenston shale downgradient of the Burlington 

Landfill site (BH-12, -B11-13, BA-14, BA-15, B1T-16 and BA-17). 

[ 

leachate from the landfill site and what is naturally present in 

ou t possible at this 1- ime to conclusi.Jely state .:hat prcyortion of-the 
• 4.- 

• by 

dissolved species 

the groundwater. 

at he above six monitoring statins is contributed 

Until the discrepancy in leachate chemistry is resolved and 

reliable background roundwater chemistry 1-is been determined, it is 

- 16 - 



TABLE 5.2 

Groundwater Quality of Groundwater from 
the Queenston Shale (Funk, 1979)* 

Dissolved 	 Concentration, mg/L 
Constituent 	 Maximum 	 Minimum 	 Mean **  

pH 7.60 6.70 7.06 
Ca 248.0 24.0 113.4 
Mg 194.0 1.0 60.3 
Na 392.0 2.0 123.7 
K 19.0 1.0 10.8 
HCO3 460 . 0 56 .0 245.0 
SO4 1000.0 

495.0 
35.0 342.0 

Cl 
NO2 as N 
Total Fe 

6.9 
12.0 

6.0 
<0.2 
<0.05 

149.

. 5 

 
. 

TDS 2670.6 445.9 1119.0 
Total Hardness 
as CaCO3 

1418.0 92.9 545.8 

based on 14 samples 
** (loes not include samples which have ion i7lba1ances greater than 

7.5% 



6.0 LATERAL GROUNDWATER FLOW VELOCITY IN THE SHALE 

The lateral velocity of groundwater movement is defined by 

V = Ki 

where 

V = velocity, L/T 

K = hydraulic conductivity, L/T 

i = hydraulic gradient, L/L 

= effective porosity, L3/L3  

GLAL (1984) report a range of K values based on field testing 

performed by them which is consistent with results of othPrs. They 

nse an average value of 5 x 10-8  m/s for their calculations 

(pg. 0-149). They measure the lateral hydraulic gradient from 

.r-icalre 0-16, quote a range of values and use an avenge value of 

0.0/45. They state that "the fracture porosity of the shale is 

estie.ated at 0.05 (5%)". They then proceed to calculate HaNimem, 

nininum and average values of groundwater flow velocities in the 

llanges were given for K and i where these values have 'been 

t-st-derived or based on testing results. Mr. Leech gave evile)ce 

that the porosity of 5% for fractured shales was based on his 

exerience. However, no r.elge was given. 

Freeze and Chery (1979) give a range of values for the 

poosity of shale of 0 to 10% (pg. 37). Hewetson and Cherry (1983) 

- 'a te that the "porosity of fractured ro(k is generally 2 or 3 ot('.ers 

u. -:JI1A- 11e smaller ti . e 	geaeulAr ,l,pusits and it is 

mae difficult to accurately mu sure". They go on to say that "there 

are no fracture porosity values for shale cited in the literature, 

1--,ever for the purpose of illustrative calculations at the T'yview 

eite, a porosity of 1 x 10-3  (0.1%) will be used ....". Since the 

geologic and hydrogeologic setting of the shale at the Bayview site is 



very similar to that at the Burlington site, the same calculation 

using porosities of 0.1% and 1% can be performed using GLAL data. 

Table 6.1 lists these data for the lateral groundwater flow velocities 

in the shale. The maximum lateral velocities increase to 75.7 m/a for 

a porosity of 0.01 (1%) and 756.9 m/a for a porosity of 0.001 (0.1%). 

7.0 	DELINEATION OF PLUME AND BH-17 

Mr. Leech has given evidence based on information from the 

GLAL report that he can positively conclude that the plume has it yet 

reached BH-17. However, it is Mr. Ridley's opinion 1.),:ised on the ,  

information discussed in the preceding three cections 

, 

GroliTi-Twai-emi51>)  --- 	-  
1-----GrOI-171-der Flow Velocity in the Sh.Ae) 

that he (Mr. Ridley) cannot positively conclude  that the plu 	has 

not yet -Leached BR-17". Possible dilution of the 1, ,ichate, a relioble 

hac-kcound ,±:;coundv:ater chemistry and di.;c,i-,slons of a cae of 

porosities in fractured shale were not fully addrc.s.,d in the GLAL 

report. It is Mr. Ridley's opinion that thse ,Aters need to be 

fully addLesed especially when aU:: 1 L ig to delinL ite the p1ua -ad 

evaluate the impact it pres,:niAy has 	 on the 

hydrogeologic regime. 

B11-17 is a critical Imonitor a A h s HF- i:n a 	.Tic of ;.ucli 

on and concern especially rnO at t. .,11-_ii)g to C.:Ji ,cate the 

e •Ieat of plume migration. It is felt that certain imortant 

hisorical facts concerning this Lonitor were iir,itted from the GLAL 



TABLE 6.1 

Lateral Groundwater Flow Velocities in the 
Shale at Various Assumed Porosities 

Velocities, m/a 	 Porosities 
0.05 (5%)(pg. 0-150) 	0.01 (1%) 
	

0.001 (0.1%) 

Maximum 	 15 	 75.7 	 756.9 

Minimum 	 0.0006 	 0.0029 	0.029 

%verage 	 1.4 	 - 	 - 



report. Fortunately knowledge of these facts was obtained from 

reading earlier reports, from discussions with GLAL personnel and from 

attending the Hearing. These historical facts are: 

- poor bailing and sampling practice 

- the holes were triconed with water and not drilled dry 

- BH-17 was damaged during construction of the sedimentation 

pond; however, there are two nests that contain the 

piezometers and standpipe and it is not known which nest was 

damaged, how extensive the damage was, if it has been 

repaired and Low the damage may have affected the reported 

chemical analyses 

- the land in front of the landfill is used as a snow storage 

area and there was no discussion of the possible effects snow 

storge may have on the reported chf,mical nalyses 

in 1111-16 and BH-17. 

Pawloski (M0E) presented in her witnss stateyient a 

cross-sectional figure (Figure 1) showing the differential movement of 

contaminants in \plume. Cl is a conservative containant and 

advances faster than 'the other contaminants addrssed in rawlo.,!ski's 

Finre 1. 	Cl also has tl'tiability to ndv,3,ce through a stl-rum that 

contains clay minerals flste'r. than water. Thus, given that the 

leachate may contain Cl in excess . of 13000 ug/L and tht Cl nay be 

transported at 'elo:ities greater than the gron .,:ater (>15 m/a), 

it is not possible at this time to p2sit-i.'ely en elude that the plume 

has not yet reached BH-17 and beyond. The 'isue is farther obscured 

by nncertainties regarding the fracture po Jsity of the sle and 

of reliable analysis of bacl; 	)(1 grOnndv.,=ter ch •listry 

;_ind 	 mi,try. 



8.0 ANALYSIS OF LEACHATE ADVANCE AND BREAKTHROUGH FROM THE TILL 

On page 0-151, GLAL (1984) has predicted that it would take 

75 years for the concentrated leachate front to advance through a 

1.5 m till layer using average vertical flow velocities (pg. 0-149). 

The above velocity term is commonly called the advection term and 

assumes plug flow. However, when dealing with mass transport of 

contaminants, especially in a medium that contains a substantial 

amount of clay, another transport term also applies. This is known as 

disperson and is the sum of a mechanical velocity component and a 

molecular ,3iffusion component. Thus, both advection and dispersion 

are active processes of mass transit. At low velocities the 

advection term can be neglected and the diffusion component of the 

di:,peron •- cm becomes dominant. This has been verified 117 Quigley et 

al. (1934) Jeld GlAL (1983). However, Mr. Leech gave evidence rh-at he 

felt diffnon, although acknowledging it as a compenent of MNSS 

ti,nport, was not that significant. 

Information from the paper by Quigley et al. (1984) 

(Appendix B) is used to reanalyse the udeance and brekthr,,n h of 

leachate niag Cl as a contc,minant ion. About 10% of the le ,hate 

from Pl-as,-!s B and D will not be collected by the uncle-I:drain E-,yst„-, m and 

will eyfiltrate through a minimum 1.5 in thickness of till, i.e., an 

enual 	,Le of about 795 m3  or -i25,000 L (pg. 0-152, GLAL, 1934). 

This 	'o_s to an annnal chloride loading ultimately leaving Phages B 

and D of ;:olit 1,200 kg if the leacllhe is asmmed to centain 

1,500 eg/L of Cl or ahrwit 10,000 kF if the leachate is assumed to 

item n 1.7,L00 mg/L of Cl. Cl is 	•ecvative and H  it plybably not 

1-)e atten int 	to :my cn'Huittal 	ma t1 	ugh a 1.5 m thicies of 



Quigley et al. (1984) use a "one—dimensional diffusion 

(without advection) from a constant source" relationship. This is  

defined by the equation C(x,t) = erfc 
2.1
k3C0  

where 

= concentration of solute at some time and distance from 

the leachate — till interface, M/L3  

Co 	= initial concentration of solute in the lenrhnte, N/L3  

erfc = complimentary error function 

• ,--. distance, L 

D* 	= coefficient of :olecolar diffusion, L2/T 

— time, T 

For illustrative, purposes, the analysis will be , 	-tea 	Cl :t 

• = 1,500 mg/L; 13,000 mg/L 

• = 1.5 m 

D* = 4.32 x 10-5  m2/d 

It is llso 	 Lhat there is no 	Rior 	cal 

	

n the 1 ,, 	 ;:nd the till. Tahle 	 he 

ssits uf the 	saly3is. 	Dc:d,--n,ling on the co,-IcriLc:2tion of Cl in the 

lea,.'ate it reild take just over 10 to just end,fr 40 yers to LY1-2cH!d 

f 
	

10 	be H- itec -Hn fur Cl of 250 r.,,,g/L in , 'er 

of Cl cEn , 7,2ur in n h lu S than i5 yers. 	Che 

results in Table 8.1 did not consider advert ion, anion exclusion, any 

— 23 — 



TABLE 8.1 

Cl Concentration in Leachate Exfiltrating from 
the Base of the Till at Selected Times 

Time, years 

Co  
1500 mg/L 13000 mg/L 

10 11 94 

20 85 739 

30 180 1557 

40 269 2328 



Therefore, Vs  ranges from 29 m/a to 579 m/a in a downward direction. 

The velocity vector for leachate down into the shale is 

greater than the velocity vector in the refuse towards the front of 

the landfill and the RTD. However, this does not give any indication 

of the potential quantity of leachate movement towards the RTD or into 

the shale. The quantity of leachate movement is defined by Q = KiA. 

For illustrative purposes, two cross sectional areas of leachate flow 

in the refuse will be considered: 

- a leachate front 2 m high and 350 m wide -moving in a 

southeasterly direction and 

- a leachate front 2 m high and r.hoot 1500 m Tong diound the 

priphyry of the original site Huvi':g to. 	 ,hyl-  1 

2ge of the siLe and the all. 

-m_ea of the original 	 22.3 ha. The 

orentiil ciu,nti_ty of lLuchato 	jvolcnt to'. 	'As 

'0 m3/a  to 3900 m3/a  (900,000 L/a to 3,900,000 L/a). 	ilrrlv, the 

'i3nLial quantity of leachate over,ent into the !Male is 

)23,000 H3/a  (323,000,000 L/a). Of coo se toan 	otitias 	e ,nly 

,--,-)r(- -)itn1 values. 	If the volemes of leachate ore aot -,-, uccnt in 

sefficient ql!..intities the shale caunot accef)t 	,0- '1g that is not 

• Using Mr. Leech's inriltr:ition valor Of 	) .1/a 	for 

Lleure, chout L;0,000 m3/a  (i0,000,000 L/a) of 1,..-chaLe will be 

pcoddced at t.142 orighal site. Mr. Ridley s 	d,_tcts chat :ost of the 

i 	rho to r  el'ced vi hi 	Fi -Lrate 	 the :F.hale with 

vecy 1itt To 



physical and/or chemical reaction of the leachate with the till or the 

flux of other ions from the leachate. Advection, anion exclusion and 

any adverse leachate-till reaction would decrease the time of 

increasing Cl concentration breakthrough. 

Quigley et al. (1984) when discussing domestic waste 

landfills that are lined with about 1.2 m of soil show from their 

field data "that a chemical flux of Na and Cl will exit most liners 

within 10 to 15 years ....". Thus, there is a col-Icern about the 

exfiltration of leachate from the proposed continued use area from the 

base of the till layer. It will contribute to the present plume 

.migrating to the southeast as well as cri- te a 	pine th:;t will 

move to the northwest towards the upper ]:rh.-• of Falcon Creek and to 

the southeast towards Indian Creek. 

9.0 	J:_,FFECHVENESS OF THE N1-] !'RA'N 

	

9.1 	Petro-fitted Toe Drain (TD) 

To date theiTe is no ,loantifiction of the (41ecti,er.ess of 

the retro-fitted toe drain for collecting le-lchtte from tine original 

site. Mr. Leech has given evidence that the 7,c-her of leachate 

prings hne hren reduced nrar the pecipbyry of the lahdfill. This is 

a qualitafiva indication that the RTD is t.url,iiig but it gives no 

indication as to the eteut of its "t °ugh" of illiLlence into the 

I andfill or the volnTo of 1  '?,:te that is 1.?ifly; collected relative to 

what is escaping vertic:411y 	,:(is into ra 	'nle. Ps,call that the 

,-!C :150 in this aced is 	l.- , d 	certly un 	 td 	hat - he  

dc Oy It gradieut in the , hale is vertically 
	

Is. 

fxliiiit 65 s a 	,p of tie 	 for 

' 	 1.'84. 	The re ,ce. ehnt 13 1•,, 	 hLen 

mapped near the edge of the landfill and at least one in the valley of 



Falcon Creek. Some of these are very close to the RTD. Thus, how 

effective is the RTD? 

For illustrative purposes, the velocity of leachate movement 

in the refpse is defined by Vr  = 

where 

K = 10-6  m/s (pg. 0-31) 

n = 0.25 (pg. 0-31) 

i - 0.034 as measid from BH-8A and B11-11A from Fig. 0-13 

assuming the u in co ponent of flow is towards the 

southeast 

i - 0.041 using the slope of the 13nd between B11-8A and BH-11A 

ranges frou '1.29 m/a to 5.17 m/a in a' 

act ion. 

Similarly, the velocity of the leachate muv,.=!L at vrtically 

-Ards into the shale is defined by Vs  = 

K ranges from 1.05 x 10-5  m/s near the surface it Bayview to 

1 x 10 -9  m/s at 30 in depth at the race site (DIAL in Dillon, 

11)82 taken fcGm pg. 1)7 Acres). Howevr, GLAt has used an 

"average' value of 5 x 10-8  m/s at BurlinL,Lon al though for the 

upper 10 m of 	 Mdley suqi-,ects M:dt K is grater 

nssae K 	5 x 10 3  ,/s; lx 10-6  m/s 

n = 0.05 (pg. 0-151)) 

i = 0.918 verticr-'ly c!,_:wnwards as measui d fan T-Ti-8A-11 and 

1)11-3A—IT 	ri 	in values of cate r 	 0- 31 ; nd 

0-133 aAd tip c.ations pg. 0-126. 



9.2 	Toe Drain for Proposed Expansion Into The Continued Use Area 

The toe drain for the proposed expansion is conceptual and 

has not yet been designed. If it is decided to proceed with the 

expansion it is suggested that a rigorous hydraulic analysis of its 

effectiveness be undertaken. One of the prime considerations is to 

place it deep enough in order to intercept any leachate that will move 

northwesterly towards Falcon Creek and southeasterly towards Indian 

Creek from the proposed con tin d use area. Recall.  that "the 

continued use area is in a gror. 	.3:7er recharge one" rjnd "the 

gr;Idients are downward" (pg. 	. Thus, the proj,fctod 	 Lia 

of 1, -,_bate that exfiltrates ad 	tr,. not collectd by the 

Lo11,--ction system will recharge Aowl,wards. 	It w,pnld be :1 	i rbi,e if 

I am could intercept a :3jor coponnt of this  

11 0 	e0T1-_:NTIAL 	PACT OF LI. 	fE ON THE 

10.1 	Cont aed 11,:-ze Area 

The in ding rate of a d -Ysolved constitent in the 1,-,Ichate 

:s 	:ioed by LR 	Q1C1 

Ql = t he :111..ntity of in 1  ite that i,xtillr.ltes, L3/T 

Cl 	 ,Aticn of 	,y)ed cnaeIiat -.r1 the 1 

/L3  

LR = 1 udH.g ate, :,1/f 

This concept can also I—. Fpplied to the :=Junt of a d:!sclved 

t':- Lont that 	 in the lal_ive graa-Jer. For 

,;=,tive pu.,_poses, 	 Tation can be )1:Aid to 	 rhe 



potential impact that the exfiltration of leachate may have on the 

native groundwater by 

Cgw (Qs  + Q1) = QsCs  + (4C1 

where C,w  = final concentration of ion in groundwater, M/L3  

Cs - original concentration of dissolved constitueut in the 

shale, M/L3  

Qs  = quantity of groundwater move17,ent through the shale, L3/T 

It is assumed that no rez,,ction o,-curs bet,en the 1.- T,1 , L2 and the 

	

iva ater in the shale. The folling pnrarecs 	LL hO 	1: 

Qi = 795,000 L/a (pg. 0-152) 

C1 : Cl 	1,500 7-1g/L ; 13,000 vIg/L 

: 30D = 26,000 .,1g/L 

Qs  - 500,000 L/a (as c:aculated in Secf 4in 3) 

Cs  : Cl = 200..,g/L 

eO g/L 611-1-1 

ne [al concentration of Cl in 
	DuAwater in the 	 2 	 es 

fLom nout l,000 mg/L o 1:,cut 8,000 mg/L nd fec 01) it is 

al-)L,ut 16,000 mg/L. It is susFoctcd that there will he little 

• -rion of either of thee pare eters betcien the pim,or,d iC 

rind diLharge to the F;1 1.c()n -na Indian Creeks. Tlieue aye no 

users of ',1- -1111(71er in this area, the.refote 

r (Inility is the main concern. Since there is not Hny 101. able 

on the netual ch„.,-r.stry of •he 1 	hr.ito or 11',-_! 
	

I i 

01 
	

(_1 
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10.2 	Original Landfill Site 

A potential impact scenario cannot even be attempted for this 

area because of the lack of quantitative information on the background 

chemistry of both the shallow and deep groundwater. However, for 

illustrative purposes potential loading rates for Cl and BUD can be 

estimated. Assume that 80% of the 40,000 m3/a  of lead-late generated 

at the original site exfiltrates to the shale. Annual loading rates 

for Cl Yuuld range from 48,000 g to 416,000 kg (44 to 416t and 

cs high as 832,000 kg (832+; 7:Jr 130D. 

-Lon Ave. 

PiiYSTCAL AND ('F.MICAL T'A'TECRITY OF THE TILL 

IN A 1EA(..1. 0.A.ffE E , 71‘1ENT 

Al1 calculations irivol,iing tho hydrautic 	 y 	T he 

tAll in 	CLAL report and up to now An this repoct hdve 	A chat 

011 a.id leachate do not ciLuct, i,e., they ace  

	

this is not always the ear?. Fine graicic_!d soils 	are 

. 1 5ctita1.7)1e as containment b:icriers typically Lace aHgh 

Fr cti.-pri of clay minerals. These soils display different h)c1culic 

vil ins with different fluids. Work conducted by Yeri 

.A,Idor-.on (19E2) and 	 Anderon (1.3) have 

this ph(2nuLJna. 

It As recomr,emled in Mini 'g of W;?:ste Impoundment ;-.1c1 

Di -Isil Facilities" (Hatroon, Tar,, icYd0) that determi.,-,,i'-.1 of he 

he cocur!LIct,_d 	rg fluids that are 

1-..-,-, rc-!.Lntative of those that must 1:e c)ntairled. 	Olson and 13;,uiel 

(1)81) rave detailed the methods Fr ca c uring the hydranlic 

dr vity of fine grriad -ils ad;-,ucliel (1961) Lac on1:1 - ed ta 

s in pi-edicting the hydraulic conductivity of cc: 

- 30 -- 



Table 11. 1 Sumntry of Sources of Error in Estimatin9 

Pie% Permeability of Compacted Clay Liners 

from Laboratory Tes:s 

Possible Number 
Laboratory k 	of Orders of 

	

Potential Sources of Error 	Too Low or Hioh? 	Macnitude of Errc- ___ 

	

CompactiOn at a Higher Water 	 Low 	 I to 3 
Content in Laboratory than 

in Field 

••• 

	

Fire of Clay Chunks 	 Low 	 1 to 2 
aller in 	 than 

In Field 

	

arL s  55Fiances, e:9., 	 Low 	 I to 3 
PlLnt Roots, Pres.2nt in the 
Field Lut Not in ITL.,1- 1-y 

Sa plus 

of S!?.tlic or 	 'D 1 
-;t 	 . 

to 	-- 

Fre:.7.:-1.1-e ILocatcy 

of r,,re CL 	tiYa Eicert 	 Lcw 	 1 o 3 
In Vrie 	 In 

ti;c2 Fi d, Rult;iy in 
vii Uter CoMent 

her in Field than in 

Air in L!,fl•-?-t-Iwy H1 r-s 

Use of r>.cessive 
Cradit Causing Parlicle 

Low 

lbw 

LAI< of Sie!y-St;-.te 
eu,?. to Str-s 

0 io 1 

Si:„Dle Size tuo Small in 	 LOW 	 0 lo 3 

1._L•Dratury Test 

rit=si(_cation Cr?cLs in Field 	 Low 	 1;o Dell 

* 
ou911 	 ' 	cli•tz. 

Srre: 	e 1 , .1981 



grained soils in the laboratory. Table 11.1 is a summary of the 

sources of error in estimating field hydraulic conductivity of fine 

grained soils from laboratory testing. 

Very briefly, physical and/or chemical breakdown of a fine 

grained soil can occur if the leachate and till react. Physically the 

flocculation/dispersion equilibrium may he disrupted and chemically 

the soil could dissolve or breakdown. Both of these phenomena would 

result in the failure of the till as an inhibitor to leachate flow 

causing exfiltration volumes to exceed 10% in the proposed engineered 

sion. 

1.1r. Al 	 of Golder Ac,c 	s c;:_ipervied 

ii 1-)ereabillty tcsts (pg. 0-116). He stated hat disrilled 

-3 nod 171)flt the tests ..7 17e 	ctucl o\,  r a .1-,ort pe:iod 

wa1er is not going to 1e sh:,rcd 	 a,A 

ale site will he there for a 	 ')isti1let! .:Jet_er 

ee.,:ng a difieuent chteeistcy, vi, , sity and weiL,hr 

' 	 ,leilutes the concentintion of icns 	 (La :_, it 

	

t- 11,2 dold)le layer of the clays to ,—pand. 	Expansion of i_l!e 

1.,yer coo 	the clay particles to repel one anothec ac.1 go 

into ;1 ,1-L71-). , rsed state. As a concillace the hydraulic ct.,nductility 

ill he r,- lsely low. If a representative field fluid, i.e., lee,.chate 

's 	 etion rather than dispersion .73y.  occur. This could 

ed h)dreulie con d uctivity hat is more rcp:e:,,eitative 

1 G . -,iirJs. if leachate 	at he .._;ed it is cum no prcti-ce 

,Ise a 0.01 N C a  ()4 F! 	t on 	Lung: !o1:-ttion of testing is also 

'-d. 

On page 0 -.16 it :s 

 

(alcAlat1(,1 mopo-:es, a 

votive value of 1 x 10-9  m/s is'Led for the unfractured 

till". If the -,etoal field hydraulic 	ci rtivIty using leachate was 

Ltders of .!::ugnitude goal or, fr'., 10-8  or 10-7  T,./s thrl 

;1 	i:7,eldtius concerning brea1Ale:oe811 tine and volue:Ls of 

lcaihete le;!k:Rge would be incorrect. Thus 1 x 10-9 m/s is no longer 



sirieg 
ve/voi

, 
 jtp/' 

conservative. )boir-i---R4-4u_has observed such increases in hydraulic 

conductivity by 10,000 timevirelative to the same soil tested with 

water. Elsewhe 	 e literature increases have been observed by as 

much as 1,000,000 times. 

To conclude this section it is interesting to note that on 

page 0-57 of the GLAL report they recommend that "the collector pipes 

be wrapped with a geotextile filter provided a manufacturer's 

guarantee of the materials integrity to leachate can be obtained". 

Mr. Ridley has similar feelings about the integrity of till to 

leacliHte. 

12,0 	'ON-tiORING AD 

- a 	.acting of all h)..droL, _ 	,'e. i  • 	 , 

( , .i 	3(LI ',:.-ly 9, 	194 a 	,t-7,-1Livo 	fils,c, 	.2(1 	L . 

-2 d. 	The fol_1((L,ing :' : '3 L)  .2 lL C a 1 ty  

FLLICP ftDnitors will be L,  strlA of Z" ICO. 5 -' 

a t 	or thrid VC no glee .411 be led, they will 

i s able for 	nling for o:_;,3!lic. annlysis 

- 1 :.«le dll a 	ain a 	iigL 	a 	at and he 	 .0. 

- all holes will he drilled dry 

send wj_11 be _i_7's11,-_d 	 ( 11, , 	 !hen the 
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- all installations will be bailed and sampled as per accepted 

practice, i.e., test to get reproduceable chemistry over the 

period of about one month and/or get three agreeable readings 

of chemistry 

- a committee of technical representatives for the MOE, Halton 

and the City of Burlington will he esthlished to supply 

input for the new monitoring program 

- a deep 7onitor upgradient of the present site to determine 

la—hgroued L;1•ec, aler c'stry is 	as a monitor in the 

.. -icILALy of 	1-12, .011-13 aed 	.s,'1Hl he lacL:Illed first 
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by the scale. To Mr. Ridley's knowledge there has been no offsite 

field reconnaissance 	If there has been offsite reconnaissance it 

should be documented in the GLAL report. 

Morrison Beatty Limited (1980, 1981) report upward and 

downward gradients southeast of the Bayview Site. Howetson and Cherry 

(1983) confirms this observation. Morrison Beatty Limited also report 

a shallow discharge zone on the other side of Hig1ay 403. Offsite 

investigations and monitoring should be instigated to determine if 

this is the case southeast of the Burlington site a. well as in the 

Al 	hot 	iity. If Cie plo -a is ijraiing at 	pth and 
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the Environmental Protection Act and whether, in your 

opinion, the proposal can be carried out without 

creating unreasonable environmental risks and, if so, 
_ 

under what terms and conditions". 

It is felt that the environmental risks involved with 

.xpanding the Burlington landfill cannot be quantified at this time. 

However, various illustrative calculations have hen conducted to 

demlonstrate the pot,ltial -Lpact that could occur despite the fact 

that integral inforrtion carding leachte 	 ound 
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Without sounding too repetitive there is no reliable information about 

the actual chemistry of the leachate or the background groundwater 

quality. Furthermore, the location and extent of migration of the 

existing plume is a topic of much debate. To add more refuse to an 

area where there are so many unknowns is not good practice. The 

additional refuse will probably not significantly alter leachate 

chemistry on a long term basis but "the time of leachate generation 

will be extended due to the increase in refuse volume" (pg. 0-64, 

GLAL, 1984). 
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on top of the final cover at the original site without puncturing the 

cover. The site is contoured so flow will be to the north and south 

along the original site cover, i.e., along the valley that presently 

houses the Bell Canada Line (Figure 0-1). If direct hydraulic contact 

is lade between Phase A and the RTD, Phase A would be an acceptable 

proposition. It is felt that if this plan is deemed acceptable, most 

of the le.3chate gerated from Phase A will be collected by the RTD. 

Moreover, infiltration to the refuse beneath Phase A will he greatly 

reduced resulting in a reduction of leachate volumes from that portion 

of the non—engine7ed site. In order for this plan to he 	hl o the 
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leakage losses, efficiency of leachate collection and time for 

leachate breakthrough to occur could be different than estimated in 

the GLAL report. 

It is recommended that longer term testing of the till he 

conducted using a more representative fluid as the pertiieant. If 

hydraulic conduct[vities are different than th).- ,:enined in the 

6LAL report then tg.1)er plans should be drawn up. 	the i.e 'ay involve 

(
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13.4 	Original Landfill Site 
wIt4y crt"ki 

/9  

It is Mr. Ridley's opinion that this site, in its present 

form shonld never have been selected for the landfilling of refuse. 

The main concerns with the original landfill site are: 

vertical acA hori,:ontal delineation of 	plume 

velocity of 	e migration 
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practical. However, it is worthwhile investigating the feasibility of 

iw,talling horizontal drains. 	f they are practical, leachate volumes 

:filtrating from the original lan fill site would be greatly reduced. 

Finally, although the logistics of a cleanup or management of 

Lhe (:isting plume are not beyond the scope of this report the 

'hodologies are. Since delineation of the plue has yet been firmly 

abli:Thed plume manage, nt ,:.1d/or cleanup cannot be ew-luated. 

However, Mr. Leech has given evidence that investiations are 

ongoing. Thus, the feasibilily of plume mc.nag 	at 	 cleaup 

ehe plu—e h 
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14.0 	CONCLUSIONS 

Based on Mr. Ridley's review of the available data the 

following conclusions are made. 

14.1 The leachate from the toe drain collection system and ionitors 

8A and 11A are diluted by an unknown factor. 

14.2 :The quality of the 1-):IcL:.70ind groundwater chemistry, 
 in the 
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exclusion and adverse leachate-till reaction are incorporated 

into the analysis, the time for breakthrough will decrease even 

more. 

).4
-----'---  

.8 The efficiency of the RTD for collection of leachate is low. 

Large volumes of leachate from the original non-engineered site 

are exfiltrating unimpeded into the shale. 

14 • The toe drain for the proposed continued use area is conceptual 

in nature. Consequently, the efficiency of collecting leachate 

that exfiltrates from the continued use area is not known. 

Thus, no definitive statement can be made concerning its ability 

to protect the upper reaches of Falcon Creek northwest of the 

groundwater divide and Indian Creek east of Phase B. 

The potential impact of leachate that exfiltrates from the 

continued use area on the hydrogeologic regime could be 

substantial if the annual volume of exfiltrate is equivalent to 

the annual groundwater flow volume. However, the concentration 

of leachate and background groundwater chemistry must also be 

considered in the impact scenario. 

...,/,
,,Ad- 14 	A plume is presently migrating in a southeasterly direction from 

the original non-engineered site. The extent of this plume and 

the impact of the leachate on the hydrogeologic regime is npt 

known. 

14 	It is not known if the leachate and till are compatible. 

.// 	Moreover, laboratory testing of the hydraulic conductivity of 

the till using distilled water as a permeant over short testing 

durations may have indicated falsely low hydraulic 

conductivities. If actual field hydraulic conductivities are 

greater than the lab testing has indicated then all calculations 



concerning leachate leakage losses, efficiency of leachate 

collection, and time for leachate breakthrough will be 

incorrect. 

14 	The existing monitoring program is not suitable for sampling and 

analysis for dissolved organic constituents. 

14 \ A new monitoring program is desirable on site. The monitors 

should conform to guidelines necessary for reliable sampling and 

analysis for dissolved organic constituents. They should be 

located upgradient of the landfill, within the refuse of the 

landfill, at the southeasterly toe of the landfill and at the 

southeasterly border of the landfill property. 

14 	There is no ground or surface water monitoring program off site. 

monitoring program is desirable off site. At least one 

monitor should be installed southeast of Highway 403 

particularly if the on site monitoring program (14.14) has 

indicated that the plume has migrated off site. Surface water 

sampling and analysis should be conducted in Falcon Creek at 

locations within Aldershot. 

7 There has been no known off site reconnaissance of the Falcon 

` and Indian Creek courses delineating areas of bedrock outcrop 

and/or areas of groundwater discharge between the landfill site 

and Burlington Bay or Lake Ontario. 

')\ 

1 	8'  kr Hydrogeologically there is the potential for upward hydraulic 

gradients to exist southeast of the landfill site. , 

/7- 

14 19 The original landfill site in its present form should never have 

been selected for landfilling of refuse. 



\---X — vertical profile concentration of background 

groundwater chemistry to at least 30 m into 

new onsite monitoring program 

delineation of plume 

14.20.2 Phases A and C (over original site)  

the shale 

extension of RTD in a northwesterly direction 

parallel to the East Ditch to connect to the 

underdrain system 

investigate Mr. Well's proposal for Phase A 

14.20 It cannot be unequivocally stated that "the proposal can be 
_ 

carried out without creating unreasonable environmental risks" 

until the following conditions are addressed. 

14.20.1 General  

— accurate determination of leachate chemistry 

14.20.3 Phases B, D and C (over engineered site)  

—determination of the hydraulic conductivity of till 

using leachate or a representative fluid 

- 	.- determination of long term integrity of the till in a 

leachate environment 

rigorous analysis of the effectiveness of the 

expansion toe drain 

(&- 



- evaluate the effectiveness of the RTD for collection 

of leachate 

- investigate the use of horizontal drains in direct 

hydraulic contact with the RTD 

:field reconnaissance to determine areas of bedrock 

'outcrop and/or areas of groundwater discharge 

x

l 

- ground and surface water monitoring offsite 

)(install monitors in the upper reach of Falcon Creek 

northwest of the groundwater divide and in Indian 

Creek east of the North East Ditch 

14.20.4 Original Landfill Site  

14.20.5 Offsite Monitoring and Reconnaissance  
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(416)965-2531 
	

1 St. Clair Avenue Vest 

Assessment 
	

Toronto, Ontario 

Board 
	

M4V 1K7 

Apr-44=-27, 1984 

Re: Burlington Landfill Expansion 

To: 	Mr. Kevin J. D. Ridley 

You are hereby appointed by the Environmental Assessment 
Board as its expert witness in hydrogeology and related 
fields pursuant to Section 18(9) of the Environmental 
Assessment Act in respect of the above Hearing. Section 
18(9) of the Environmental Assessment Act reads as follows: 

The Board may appoint from time to time one or 
more persons having technical or special know-
ledge of any matter to enquire into and report 
to the Board and to assist the Board in any 
capacity in respect of any matter before it. 

You are directed to investigate the hydrogeology and related 
matters involved in the proposal and to report to the Board 
and to the Hearing your findings as to the hydrogeological 
impact of the proposed expansion, its possible effects on 
the environment as defined by the Environmental Protection 
Act and whether, in your opinion, the proposal can be 
carried out without creating unreasonable environmental 
risks and, if so, under what terms and conditions. 

During your investigation and during the course of the 
Hearing, you are directed to specifically consider the 
impact that the proposal will have on ground and surface 
water and also to consider the proposed plan for leachate 
collection and treatment. 

You will be expected to submit a written report of your 
findings and conclusions; to be in attendance at the Hearing 
during the giving of evidence of other experts in the field 
of hydrogeology; to explain and evaluate such hydrogeological 
evidence as may be required by the Board; to testify orally; 
to render guidance and advice to the Canadian Environmental 
Law Association which represents West Burlington Citizens' 
group; and to generally render assistance to the Board in 
your area of expertise. 



Environmental 
Asses-sment 
Board - 2 - 

These terms of reference may be altered as the Hearing 
progresses and as circumstances require. 

If you are in agreement with the above, please sign 
duplicate copy. 
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CONTAMINANT MIGRATION THROUGH CLAY BELOW A DOMESTIC WASTE 
LANDFILL SITE, SARNIA, ONTARIO, CANADA 

Robert M. Quigley, Valerie E. Crooks and Ernest Yanful 
Faculty of Engineering Science, The University of Western Ontario, 

London, Ontario, Canada, N6A 5B9 

ABSTRACT 

The results of field and laboratory investigations of a domestic waste 
landfill overlying a 30 m deep natural clay deposit are presented. 

Migration profiles of soluble constituents from the leachate, through 
the underlying clays, are presented for 1983 when the landfill was about 
15 years old. Migration from the landfill is believed to have occurred for 
approximately 15 years, since the refuse attained saturation shortly after 
placement due to the construction practices employed. 

Porewater concentration versus depth plots show that sodium, calcium, 
magnesium and chloride have migrated 0.7 to 1.0 m from the interface compared 
to an estimated advective advance of only 3.5 cm. Calculated values of the 
sodium adsorption ratio decrease from - 40 at the interface to - 12 about 
0.5 m below the interface suggesting that up to 40% of the clay-exchange 
sites should be occupied by Na+  near the interface, however, subsequent 
exchange experiments indicate that Na+  is only adsorbed in minor quantities. 

A preliminary study of heavy metal migration from the landfill suggests 
that migration has only occurred over a distance of 20 cm from the interface. 

Preliminary measurements of dissolved organic carbon in the porewater 
indicate migration of organic substances to a depth of approximately 0.9 m. 

INTRODUCTION 

The design of a landfill facility situated in a hydro-geologically 
insuitable area requires installation of a relatively impermeable liner, such 
as clay, to provide a final barrier between the landfill and any underlying 
)ervious strata. Design of such a clay liner should be based on field 
neasurements of pollutant migration through clay, in addition to numerical 
)redictions and laboratory studies. Since investigation of an in situ clay 
_iner could seriously disturb its integrity and promote contamination, 

'fills situated on thick natural clay deposits are more suitable for 
;t—iy. This paper presents additional results of continuing studies under 
Jay at such a landfill site near Sarnia, Ontario. 
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GEOLOGY AND SOIL MINERALOGY 

The 30 in thick, homogeneous silty clay at Sarnia, Ontario is believed to 
be a waterlain till of late Wisconsin age composed mostly of rock flour 
obtained by glacial erosion of Silurian and Devonian carbonates and 
shales from the Lake Huron basin. A slight downward flow gradient exists in 
the area, and at the landfill site under study, piezometric observations 
indicate a small groundwater mound in the refuse and a steady downward flow 
velocity of approximately 0.24 cm/a in the till. In situ measurements of 
till hydraulic conductivity yielded values of about 1.5 x 10-8  cm/s at an 
in situ water content of 20-25%. Extensive studies of the geology and 
mineralogy of the site are summarized by Quigley and Ogunbadejo (1976) and 
Quigley and Crooks (1983). The hydrogeology was described by Goodall and 
Quigley (1977). 

The soil in the 3 m zone directly below the waste is a carbonate-rich 
clayey silt containing 40% of < 2 pm sizes. The composition is approximately 
as follows: - 34% carbonate, - 25% illite, - 24% chlorite, - 15% quartz and 
feldspar, - 2% smectite. The effective cation exchange capacity is about 
30 meg/100 g measured on the < 74 pm fraction. 

PREVIOUS STUDIES 

Two previous papers (Goodall and Quigley, 1977 and Crooks and Quigley, 
1984) presented studies dealing with the migration of water soluble cations 
from the leachate through the underlying clays when the site was 6 and 
12 years old. Both studies attributed the migration of Na, K, Ca and Mg to 
chemical diffusion. In the Crooks and Quigley study, profiles for Na+  and 
CRT suggested migration by diffusion to depths of 1 to 1.5 m below the 
interface. Since man-made liners for domestic waste landfills are rarely 
greater than 1.2 m thick, the above field data indicate that a chemical flux 
of Na+  and Ck-  will exit from most liners within 10 to 15 years of placement. 

This paper presents concentration versus depth profiles for porewater 
and exchangeable cations (Na+, K+, Ca2+, Mg2+) and porewater chloride now 
that the site is 15 years old. Preliminary profiles for heavy metal (Cu, Zn, 
Fe, Pb) migration and organic carbon dissolved in the porewater are also 
given. 

CATION (Na+, 	Mg2+, Ca2+) MIGRATION 

Porewater and exchangeable cations were determined for two boreholes 
(designated BH83-2 and BH83-9) and the results are presented in Figs. 1 and 
2. Sample preservation techniques and laboratory testing procedures are 
described in Crooks and Quigley (1984). Exchangeable cations on < 74 pm 
untreated soil were determined using the silver thiourea exchange method of 
Chabbra (1975). 
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FIG. 1. POREWATER CATION CONCENTRATION, EXCHANGEABLE CATIONS 
AND SODIUM ADSORPTION RATIO (S.A.R.), BH83-2 
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FIG. 2. POREWATER CATION CONCENTRATION, EXCHANGEABLE CATIONS 
AND SODIUM ADSORPTION RATIO (S.A.R.), BH83-9 
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The results for t 	15 years indicate that cation migration has occurred 
to depths of 0.7 to 1.0 in at these particular locations in the landfill. 
Previous results by Crooks and Quigley (1984) for boreholes located some 
distance away suggested that migration had occurred to a depth of 
approximately 1.5 in below the refuse/soil interface. It is believed that 
spatial variability in the refuse composition produces somewhat different 
migration profiles throughout the site. This phenomenon is illustrated by 
the migration profiles presented here for two boreholes located 7 in apart. 
Although the maximum depth of migration in both boreholes As similar, the 
maximum cation values at the refuse/soil intIface are significantly 
different, e.g. Na+  concentration of 23 mourn in BH83-2 compared to 
10.6 mol/m3  in BH83-9, both values at the interface. In both boreholes the 
dominant porewater cation is sodium. 

Calculated sodium adsorption ratios (S.A.R.) versus depth often reflect 
the adsorbed cation distribution in the soil clay mineral fraction. 
Calculated S.A.R. values decrease from 40 at the interface to 12 at a depth 
of 0.5 in in BH83-2 (Fig. 1), suggesting that in this-0.5 in interval up to 407. 
of the clay exchange sites should be occupied by Na+. Subsequent work using 
silver thiourea exchange indicated that calcium is the dominant adsorbed ion 
and that only minor amounts of Na+  are adsorbed on the clay minerals. This 
situation may arise if the Na+ concentration of the original leachate is not 
high enough to promote /id'.  for Ca2+  exchange, or if the clay exchange sites 
are preferentially occupied by other species such as heavy metal cations. 

A similar but less significant decrease in S.A.R. for BH83-9 is shown in 
Fig. 2. 

CHLORIDE MIGRATION 

A porewater chloride migration profile was obtained for BH83-2, and is 
shown in Fig. 3. Chloride migration has apparently occurred to a depth of 
- 1 in. 

A limited amount of analytical work was performed using this profile to 
obtain "best-fit" values of effective diffusion coefficient, D. The 
analytical solution used is that given by Ogata (1970) for the case of 
one-dimensional diffusion (without advection) from a constant source, and is 
applicable in our situation due to the negligible advection component 
(Vs  = 0.24 cm/a) of transport from the landfill. The choice of the value for 
the interface concsntration is somewhat difficult. Measured Cr leachate 
values of 86 mol/m were obtained by Crooks and Quigley (1984), however the 
use of this value was shown to significantly overpredict the measured curve, 
although the maximum depth of migration could be modelled. Field 
observations of the zone of intermixed refuse and soil found above the 
undisturbed soil stratum suggest that the 'effective' interface for leachate 
migration may be as much as 30 cm above the location of undisturbed soil. 
Two profiles (A and B on Fig. 3) using different values of effective 
diffusion coefficient, D = 1 x 10-6  cm2/s and D = 2 x 10-6 cm2/s, were 
calculated from the analytical solution with Co  = 86 mourn3 and an 
'effective' interface position located 25 cm above the apparent interface. 
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Abe use of D = 2 x 10
-6 cm2/s predicts the maximum depth of migration, 

although some overestimation of the upper part of the curve is obtained. 

It has also been suggested that the appropriate value of initial 
concentration for use in the analytical solution is actually the maximum 
measured value in the profile, and that the 'effective' interface may be 
taken as the apparent interface. A third profile (C) calculated using this 
assumption, with a value of D = 1 x 10

-6 cm2/s, is also presented on Fig. 3. 
This profile exactly reproduces the upper 0.2m of the measured profile, and 
predicts the maximum depth of migration, however this does not constitute a 
valid approach when reliable leachate concentration values are available. 
The "best-fit" value of D = 2 x 10

-6 cm Is is comparable to the value of 
3 to 6 x 10-6 cm2/s given by Crooks and Quigley (1984) and to a value of 
3 x 10-6  cm2/s given by Desaulniers et al (1981). 

POREWATER CHLORIDE CONCENTRATION (mol/m3) 
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FIG. 3. MEASURED POREWATER CHLORIDE CONCENTRATION AND 
CALCULATED PROFILES, BH83-2 
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HEAVY METAL MIGRATION 

Concentration profiles for Cu, Zn, Fe and Pb are presented in Fig. 4. 
These concentrations represent total acid extractible heavy metals both 
adsorbed and within the crystal structure of the clay minerals and other soil 
constituents. If the straight line portions of these profiles are considered 
to represent background or original in situ values, then the four metals have 
all migrated to a maximum depth of about 20 cm below the apparent interface. 

The cumulative Cu, Zn and Pb concentrations are calculated to be 
0.5 meg/100 g above their background values and these species could be 
adsorbed on the clay minerals without affecting the cation exchange 
measurements shown on Figs. 1 and 2. The amount of Fe in excess of 
background amounts to 34 meg/100 g which corresponds to the apparent exchange 
capacity of the soil. Obviously, this element is not adsorbed in these 
amounts and is possibly present as authigenic iron carbonate. Selective 
dissolution analyses are in progress to determine the mode of occurrence of 
the heavy metals. 

FIG. 4, TOTAL CONCENTRATION OF HEAVY METALS (COMBINED ANALYSIS 
U.W,O, AND X-RAY ASSAY LABORATORIES LTD.), BH83-7 

DISSOLVED ORGANIC CARBON 

A preliminary investigation of the migration of organic substances from 
the landfill was performed by measuring dissolved organic carbon (DOC) 
concentrations in the soil porewater. The borehole used for this study 
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c 'Iained significant quantities of petroleum product in the interface region 
ak.- overlying refuse, which would tend to produce measurable migration of 
organic carbon in the soil porewater. The DOG profile is shown in Fig. 5 and 
indicates that migration has occurred to a depth of approximately 0.9 in. The 
measured concentrations reach a maximum value (41 mol/m3) at a depth of 0.1 in 
from the apparent interface. This zone of lower DOC concentrations may 
result from bacterial activity in the soil or may simply indicate that the 
effective interface is 0.1 m below the one chosen. Similar results for DOG 
migration from the landfill were obtained by Crooks (1981) when the landfill 
was 12 years old. 

FIG. S. PORENATER DISSOLVED ORGANIC CARBON, 
81.013-14 AND 844E13-3 

SUMMARY 

Results of continuing studies at a 15 year old landfill situated on clay 
have been presented and indicate that migration has reached a depth of 
approximately 1 m. Cation (Na, K, Mg

2+, Ca2+) migration has reached a 
depth of 0.7 to 1 in, as has Ck-  migration (depth - 1 m). Heavy metal (Cu, 
Zn, Fe, Pb) migration has occurred to a depth of about 20 cm below the 
interface. Dissolved organic carbon (representative of organic species) has 
dgrated about 0.9 m. A limited amount of analytical work suggests the 
measured Ct-  profile maz be predictedusing an effective diffusion 
coefficient D ... 2 x 10-  cm /s in an expression for one-dimensional 
diffusion. 
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