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Dear Sir:

Re: Burlington Landfill Expansion
Review of Hydrogeological Study

We are pleased to present Mr. Ridley's review of the hydrogeological
aspects of the Burlington Landfill Expansion. The review has
designated areas of concern and demonstrated, using illustrative
calculations, the potential impact of the proposed expansion on the
ground and surface water. Pertinent terms and conditions concerning
the proposed expansion were also discussed. Cft is felt that the
proposal can be carried out without creating unreasonable environmental
risks provided that certain conditions are fully addressed.

The writer will appear as a witness at the Hearing before the
Environmental Assessment Board on the basis of this review.

Yours truly,

Kevin J.D. Ridley

Hydrogeologist
KJDR/ 1mm
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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).




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. 1t 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:




Therefore

o
|

The average hydraulic conductivity for the shale is
5 x 1078 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 m (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). 1If 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 m 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 m, (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 m was about 1 x 1072 m/s (pg. 57, Acres, 1982).

b

=5 x 1078 m/s x 0.045 ™ x 350 m x 20 m

m

x 86400 S x 365 4
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 c

the shale

ross sectional area in the shale about 10 m below the top of




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 dlscussed in detall later.

(14"./(/1, Vit dit4 o f MW
EACHATE CHEMISTRY , VAL wvry WWL mvv?

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

collected from the toe drain collectlon system is dilute. However,

quantlflcatlon of the amount of dllutlon cannot be determlned and

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

Ao reasons that the leachate is dilute are:
S% AZ»:«A&ZZ

sampllng was performed during periods of potential water
M/vcdv / surplus = Why ook dpeq Hein mv/w/«wa,oa@uxz&%&yaé
(4

J unknown volumes of groundwater have infiltrated into the
collection system from outside the fill area
ne /VC ‘;{ (Lt /
—égit 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 q‘diluted leeEhate;due to the relative
w/':y Z

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

youth of the expansion.

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., 1l

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

bUfL1 14 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-11, 11A-I,
11A-11). 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-1 appears to have been prematurely cut short as the

chemical data implies an apparent increasing concentration trend with

time.

pu&iﬂ?“”4”“;ﬂz Table 4.1 shows ranges of variations in leachate
/OV'OAZQvu£¢7 - 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, lecachate chemistry varies from site to site as

well as temporally and spatially within each site.




TABLE 4.1 RANGES OF VARIATION IN LEACHATE CHARACTERISTICS

- Leachate Parameter

Reported Range
of Analysis

pH

Total Alkalinity, mg/l as CaCO
Chemical Oxygen Demand (C)D), mg/l
Biochemical Oxygen Demand (BOD.), mg/l
Total Organic Carbon (TOC), mg/l

Total Volatile Acids (TVA), mg/l as Ch,
Organic Nitrogen, mg/l N

Ammonia Nitrogen, mg/l N
Nitrite-Nitrate Nitrogen, mg/l N

Total Phosphorus, mg/l P

O-Phosphate, mg/1l P

. Specific Conductance, pmho/cm
Oxidation Reduction Potential (ORP), mv
Total Solids, mg/1l

Total Dissolved Solids, mg/l

Total Hardness, mg/l as CaCO4
Chloride, mg/l

Sulfate, mg/l

Calcium, mg/l

Magnesium, mg/l

Sodium, mg/l

Potassium, mg/l

Iron, mg/l

Zinc, mg/l

Copper, mg/l

Cadmium, mg/l

Lead, mg/l

Nickel, mg/l

Chromium, mg/1l

<5 ->8

0 ->10,000
<100 - >100,000
<10 - >1060,000
<100 ->25,000
<10 - >10,000

<1l ->1,000
<1l - >1,000
<l - >100
<1l - >100
<l - >50

<1,000 - >15,000
<-200 - >+100 -
<1,000 - 550,000 °
<1,000 - >50,000
<50 - »>20,000
<100 - >10,000
<10 - >1,000
<100 - > 5,000
<20 - >15,000

<50 - >5,000
<50 - »3,000
<l ~->2,000
<1l - »>300

<1l ->10

<1 - >10

<l - 52

<1 - >2

<l -~ >2

Source: Pohland, 1980




Monitoring station 8 was drilled on January 24, 1979 and
equipped with one plezometer and one standpipe. Figure 4.1 shows the
GLAL log for this hole. These instruments were destroyed or buried on
February 6, 1980. 1In 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.

A very rough estimate of the dilution of the leachate as
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
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 continoued in monitor 8 the ratios would

be even greater.
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T FIGURE 4.1
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TABLE 4.4

Estimated Dilution Ratios

Monitor 8-I1I1 Toe Drain
June 1979 April 1983 Nov. 1983 Range of
*Dilution
Cl BOD Ccl BOD Ratios
Cl 13000 108 - 762 - 17 to 120
BOD 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 "rom the
toe drain collection system.

_ll_




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 szmpled
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 iLhe
ce .position of the leachate is an extrermely important parawsefter and it
cust be accurately determined. Mr. Ridley is not convinced that this
has been achieved. It is his concern and to the benefit of all
p-rties that the leachate chemistry be accurately determined in order
to evaluate the present impact of the landfill site and the potential

futuce impact of the proposed expansion on the hydrogeologic regime.

Pt &W

5.0 & GROUNDWATER CHEMISTRY w»&zyf e ur 4&%?

e

Accurate detersination of the backbrnund 5roundhater

choemistry at the site, as is the cese for the leachate, is parauount

and necossary for the delincarion of the ewisting plume and the extent
te which the area groundwater is centanminated. It is felt that the

brckground groundwater chemistry in the shale at the site is not

]

k1 m, It is also felt by all paviies that groundwatar quality




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

&ﬁ?ﬁyuéazz Z substantial variation in the data base within individual instruments
(for example COD and Fe, Nov. 1983, 14-11, pg. 0-177 and 17-1I,

pg. 0-185)., These variations could be a result of:
~- seasonal fluctuations
— poor hailing and sampling practice
- surface water contamination
A condition of electroneutrality must exist for electrolyte
solutions. Gruandwater is an electrolyte solution. Electroneutrality
means (hat the sum of the positive ionic charges is equal to the Lun

of the negative jonic charges. The charge-balance equation is

expressed as:

EZMC = ézma

where
Z = jonic valence
Me = wolality of the [ositive ion spreies
My = motaliiy of the n:garive icvn concies
CLdkbtﬂo Q The charge—-balance equation can be used to indicate the

Q&dA{Z’éd&h&( accuracy of a water analysis. Significant deviation from equality
i
W

ﬂ ? indirates that:
/rﬂ?

— there are analytical errors in concentrations or




~ analysls of certain ionic species present at high

concentration levels was omitted.

Deviation from equality 1is commonly expressed as:

{ZM - S,
ZZMC 2 ZM,

100%

where
E = charge—-balance error

A charge-balance error of 5% is normally considered

acceptables

The charge-balance error was determined for all groundiater
analysis data contained in Appendix 0-3 where all major comnon ionic
speciecs were listed. Table 5.1 lists these recults. Millicquivalents
per liter were used for the analysis of the charge-balance error. The
najor 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 assunmed to be

mainly 4C03 and it was coaverted to milliequivalents of HCO3.

0f the 74 analyses listed in Table 5.1, 47 (or 63.5%)

exceeded the acceptable =57 charge~balance error. This 11ﬁ1l«s Lhat

e A7

there are either analytlcal errors. in the concentrations or that an

b i S i T e ‘E i B

ionjc st c1es present at high conrentratLoxs levels was not 1ncluded

in th=2 .nalysis. The anionic species, PO4 “and u03/V02, were gpwprally
Rt oty

includ.d 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 comnon constituents that are normally




Borehole

1

8A

11A

12

13

14
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1T
IiT
v
11
III
v
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TABLE 5,1

Charge-Balance Error, 7

Nov. 1981

-5.65
+11.77
no analysis
+8.13
+11,21
no analysis
no analysis
no analysis
no analysis
no analysis
+18.97
+28.15
+1.13
+2.09
+50.03
+0.11
+14.30
+4.05
-0.15
+7.21
+19.40
+18.04
-1.89
-5.16
+13.11
+5.64
+7.37
+9.27
+10.99

insufficient data

- 15 -

DATE
July 1982

-10.98
+12.77
no analysis
+0.06
+8.37
-3.08
+19.57
+62,31
no analysis
no analysis
no analysis
no analysis
+21.40
+2.16

-2.54
+7.98
+1.09
+5.97
+1.94
+8.50
+1.24
-0.91
-2.50
+7.90
~10.64
+3.19
+5.50
+17.01

Nov. 1983

—-0.87
+8.54
-10.97
no analysis
no analysis
+5.26
+28.17
+12.83
no analysis
no analysis
no analysis
no analysis
+3.12
+3.39
no analysis
-0.45
+9.92
-1.93
+20.62
~1.48
+9.89
-2.46
-2.68
-1.60
+11.,95
-12.83
+2.717
+9.10
+34.20
-2.12
+20.56
+23.55
+17.18
+20.94
+22.,48




.

found in leachate. Assuming the leachate parameters fromMFhis table
represent a complete list of all commonly dissolved conéitQénts
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/N02 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 arve needed. Funk (1979) has
dcetermined the groundiater quality in the Queenston shale in the
vieinity of the East and Middle Oakville Creeks. Table 5.2 en tarizes
his data. He concludad that "samples collected {rum the Queension
Formation retlect a high variability in chemical couwposition being
higher in total dissolved solids, sulfate, chloride and sodium content
than samples collected from other hydrogeologic units” and that "sowme
of the water samples collected from the Queenston Uorwation”™ are not
"suitable for dorestic and irrigation uses”. Upon closer oboervation
of these data it appears that the groundwater quality is no wherz near
as poor as in the Qu.rinston shale downgrvadient of the 3urlington

Landfill site (BH-12, BH-13, BH-14, 8H-15, BU-16 and 81i-17).

Until the discrepancy in leachate chemistry is resolved and

. reliable background coundwater chemistry has been determined, it is

e T e

riot possible at this time to conclusively state -hat progortion of the
> . - — m,‘_
dissolved species zt ihe above six wmonitoring stations is contributed

by leachate from the landfill site and what is naturally ptégéﬂt in

the groundwater.
e T




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
SOy 1000.0 35.0 342.0
Cc1l 495.0 6.0 149.2
NOg9 as N 6.9 <0.2 0.9
Total Fe 12.0 <0.05 0.75
DS 2670.6 445.9 1119.0
Total Hardness 1418.0 92.9 545.8

as CaCO3

* based on 14 samples

* does not include sawples which have ion iabalances greater than

7.5%
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6.0 LATERAL GROUNDWATER FLOW VELOCITY IN THE SHALE

The lateral velocity of groundwater movement is defined by

v =Ki
n
where
= velocity, L/T
K = hydraulic conductivity, L/T
i = hydraulic gradient, L/L

n = effective porosity, L3/L3

GLAL (1984) report a range of K values based on field testing
perforued by them which is consistent with results of others. Thay
1se an average value of 5 x 10"8 m/s for their calculations
(pz. 0-149). They measure the lateral hydraulic gradient from
Figure 0-16, quote a range of values and use an average valona of
0.045, They state that "the fracture porosity of the shale is
caticated at 0.05 (5%)". They then proceed to calculate iiaxirum,
minimum and average valuss of groundwater flow velocities in the

ala. Ranges were given for K and 1 whare these values hisvae Leen
t=st-derived or based on testing results. Mr. Leech gave eovildoace
that the porosity of 5% for fractured shales was based on his

experience. However, no r-1ge was given.

Freeze and Cheiry (1979) give a range of values for the
sorosity of shale of 0 to 10% (pg. 37). Hewetson and Cherry (1983)
~*ste that the "porosity of fractured rock is generally 2 or 3 ourders
ol caairnde smaller th» Ta pgranntar Yo osits and it is oo 2P herably
wore difficult to accursiely mercure”. They go on to say that "there
are no fracture porosity values for shale cited in the literature,
tovever for the purpose of illustrative calculations at the Euyview

site, a porosity of 1 x 1073 (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 0.0l (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 rveport that he can positively conclade that the plume his not yet
reached BN-17. However, it is Mr. Ridley's opinion hased on the

s i

information discussed in the preceding three scctions

~.

ngghabeme¢mi&Ir

R—

g — — T :;__‘_ﬂ,_,-_,;,,.;;...

3
GLounuwater Cb‘miigfy

that he (Mr. Ridley) cannot posjtively cenclude that “"the plun> has

QSE_{EE_:ii£E£Q~5H"17"' Possible dilntion of the 1. 2chate, a feliable
backgoound groundwater chemistry and discewsions of a ronge of
porosities in fractured shale were not fully addrese.d in the GLAL
report. It is Mr. Ridley's opinion thrat these lters need to be
fully addiessed especially when aiie o il:g to delincate the pliie -ad
avalvuate the fwmpsct 1€ presenily bus sod will Ya.e on the

Lhydrogenlogic regime.

PlI~17 is a critical =unitor »:d 1t 5 hren a fopic of wuch
Ateracston aad concern especially when att o fing Lo ¢zl oute the
e ient of plume migration. Tt is felt that certain important

Wisrorical facts concerning this voniior were omitied Trom the GLAL




Velocities,

Maximum
MHinimum

Average

m/a

TABLE 6.1

Lateral Groundwater Flow Velocities in the
Shale at Various Assumed Porosities

Porosities

0.05 (5%)(pg. 0-150) 0.01 (1%)

15 75.7
0.0006 0.0029
1.4 -

0.001 (0.1%)

756.9

0.029




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
plezometers 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 way have affected the reported
chemical analyses

~— the land in front of the landfill is used as a snow stourage
area and there was no discussion of rhe possible effccts snow
stovrioge way have on the reported chemical wnalyses 2opecially

Lt

in BII-16 and Bil-17.

M3, Pawlowski (MOE) presented in bLier witness statevent a

cross~5ccti'nai\figure (Figure 1) showing the diff{erential noverent of

centaminants in g\plume. Cl is a conservative conteauwinant and
advances faster than the other contaminants addressed in lawlowski's

N
Fizaure 1. Cl also has Ehe\ubility fo adveuce through a st fum that

N

contains clay minevals faster than water. Thus, given that the

laachate may contain Cl in exceds of 13000 ng/lL snd thit C1 may be
transported at velocities grester fﬁap the groundwater (315 m/a),

it is not pessible at this time to pos{fiyoly coaclude that the plume
has not yet reached BH~17 and beyond. Thé“is;ue is farther obscured
by uncertainties regarding the fracture poresity of the shale and

the «viaeace of reliable analysis of bach. wm 1d groundwster obi wistry

and Veachate clenistvy.




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
contaninants, 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 diffusion component. Thus, both advection and dispersion
are aétive processes of mess transpsrt., At low velocities the
advection tevm can be neglected and the diffusion compoasent of the
disperson rzom becomes dominant., This has been verified by Quigley et
al. (1984) ond CrAL (1983). However, Mr. Leech gave evidence 113t he
felt diffus‘on, although acknowledgirg it as a compunent of nass

transport, was not that significant.

Tnforiation from the paper by Quigley et al. (1984)
(Appendix B) is used to reanalyse the advance and breskthrough of
leachate n<iag Cl as a contondnant fon. About 10% of the lenchate
from Proses B and D will not be collected by the undevdrain system and
will exfiltrate through a minimum 1.5 m thickress of till, i.e., an
ariual Teslage of about 795 m3 or 775,000 L (pg. 0-152, GLAL, 1934).
This o svuts to an annmal chloride loading ultimately lezving Phases B
and D of out 1,200 kg if the leachsate is asuwed fo centain

1,500 «g/L »f Cl or abnut 10,000 kg if the leachate is s»ssumed to

coatain 13,000 wg/Loof Cl. Cl dis ¢oo zcvative and o711 probably not
be attenuzted to any suhsioatial Jogice thooagh a 1.5 thichaess of
till.




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 X ___\¢Cq
St LDFE

where
C = concentration of solute at some time and distance from
the leachate - till interface, M/L3
Co = initial concentration of solute in the leachate, H/L3
erfc = complimentary ervor function
X = distance, L
D* = coefficient of ~olecolar diffusion, L2/T
t = {ime, T
For illustrative, purposes, the analysis will be conduered v -ing C1 ot

Co = 1,500 mg/L; 13,000 ug/L

X =1.5m

D% = 4.32 x 1079 m?/d

It is alan a-svoed ihat there is no phy<icel or ol ical
.

vesci 3 et cson the 1oneTste and the till. Tabhle R0l o carizes fhie

rrsnlis of the snalysis. Dopending on the coacenivetion of C1 in the

leaclate 1t womld teke just over 10 to just vnder 40 yvears to ence=d
for veonle, he eriterfon for CL oof 250 ag/L in «icar :ooplies,
v, Luszbtty sugh of €1 cen oceur in wnch lers tlan 75 yesrvs.  The

results in Table 8.1 did not consider advection, anion exclusion, any




TABLE 8.1

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

Time, years 1500 mg/L o 13000 mg/L
10 11 94
20 85 : 739
30 180 1557
40 769 2328




Therefore, Vg 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 arcas 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 {yvont 2 m high and ~bhout 1500 m lony around the
periphyry of the ociginal site wovivyg to s~ds he [ ood Nyval
e of the site and the RTD.

ﬂuﬁmﬁbglf .

TN lkadkaaate 10 O [he original lendiill s 22.3 b2, The

900 m3/a to 3200 m3/a (400,000 L/a to 3,900,010

cotential quantity of Teuchate povarent tovavds the 0D vongos FTeom

()
—
~—~
w
-
.
-y
—
N
~3
—
-
-
-
w

sotential quantity of leachate roverent into the =shale is
EZ?,UUO'ug/a (323,000,000 1./a). Of ccuvse tVese - vaaritics oo only
gquniial valuers, 1f the volumes of Jeachate are aok ~resent in
snfficient guantirices the shale counot accept @ v 2t¥ "1y that is not
e ooate Usiag Mr. Toech's dafilovarion value of 150 0 a/a alier

closure, about 40,000 m3/3 (40,000,000 L/a) »f 1. -cliate will De

prodaced at the ovigiaal site. Mr, Ridley < pects rhat sost of the

~ 12l Yeochate Loondiced il Caiidorste 00 303 ito the shale with

very Little hoing collecied Ly o v D,




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 aiSCUssing 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 concern about the
exfiltration of leachate from the proposed continued use area from the
base of the till layer. Tt will contribute to the prosent plume
migrating to the southeast as well as cre {2 2 new plune tist will
move to the northwest towards the upper vesch:o of Faleon Creek and to

the soatheast towards Indian Creek.

9.0 EFFRCTLVENESS OF THE T0OE PRATN

9.1 Fetro-fitted Toe Drain (:TD)

To date theare is no quantificztion of b aciiveress of
the retro-fitted toe droin for collecting lonchate from the original
site, Mr. Leech has given evidence that the rio-batr of leachate
springs have been reduced neoar the peciphyry of the landfill. This is
a qualitative indicatfon tiat the RTD is vorkiong but i€ gives no
indication as to the ovtent of its "trvourh™ of inflience into the
landfill ot the volise of ? 3clete that is L-ing collected relative to

+

covds into e - Tmale, Rocall that the

E SN

what is escaping vertically
LeTase in this arca is 1o Tiveetly on b 20072 sad Phan The

1

daniasat gradieat in the ~ltiale is vertically 7o i 1s.,

Pxhitit 65 is a  .p of the Tocawi o o f 70 whote o, o0 uss for
Cocil May, 1984, There are 2bont 13 Loooboie 07 s et Doave been

s

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 refuse is defined by V, = Ki
n

where

K = 1076 m/s (pg. 0-31)

n = 0.25 (pg. 0-31)

i = 0.034 as measu:d from BU-8A and BH-11A from Fig. 0-13
assuming the v=in cowponent of flow is tuwards the
southeast

i = 0.041 using the <lope of the land between BH-8A sad BH-11A

M oscfore, Vi oranges frow 4.29 w/a to 5.17 m/a in a =ou hoasterly

1

dicection.

Similarly, the velocity of the leachate muveront variically
2+ wwards into the shale is defined by Vg = 2L
n

K ranges from 1.05 x 1072 m/s near the surface .t Bayview to

1 x 1079 /s at 30 u depth at the sare site (GLAL in Dillon,
1482 taken fcom pg. 57 Acres). Houvever, GLAL hes used an
"svirage” value of 5 x 1078 m/s at Burlingion altlcugh for the
upper 10 m of s!'sle Mr. Ridley ensepects that K is greater -
cae K =5 x 10 % W/s; 1 ox 1076 w/s

o)

72}

n = 0.05 (pg. C-150)
i = 0.918 vertics'ly downwards as measnr~d {rom PFli-84-T 2nd
Bi-3A-TT wvais 4a values of water Tevels 1o G-131 ond

o

0~-133 and rip ». .ations pg. 0-126,

—- 26_




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. Orne of the prime considerations is to
place it deep enough in order to intercept any leachate that will wove
northwesterly towards Falcon Creek and southeasterly towards Indian
Creek from the proposed contin ~d use area. Recall that "the

continued use area is in a grov ' grer vecharge sone” snd "the

gradients are downward” (pg. U-72). Thus, the projected 725,600 L/a
of 1. .. hate that exfiltrates .ad s not collected Ly tha - le drain

colleection system will recharge dowewardse Tt wounld be d :ivodle if

e o drain could Antercept 10 ajor coaponent of this ool
L, ity
1.0 pOTENTIAL 1MPACT OF LLMC-ATE ON THE Byoie Jlooic oo 8

10.1 Cont® mwed Use Area

4

'~achate

Ir oo s

The leading rate of a df-solved constitvent ia the

s b iioed ’.j)y LR = Qlcl

where Q3 = the guunlily of Toxct ate that exfiltvates, L3/T
C1 = vconcooi,arion nf s T ieelved consrituent in the loscliite,
/13

LR o= luading vote, /0

This concept can also }~ spplied to the zrount of a diesclved

Citeent that i naturell s oo cent o ia the astdive proneod sterv. For
- r ol

1

il Lrative puirposes, a wniuiag oquation can b2 nwed to prodict the

o




potential impact that the exfiltration of leachate may have on the

native groundwater by
Caw (Qg + Q1) = QsCs + Q1€

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

i

Cgq original concentration of dissolved constituent in the
shale, M/L3
Qs = quantity of groundwater moveirent through the shale, 1.3/T

Tt is assumed that no reaction cccurs belwoen the 1oz o2 and the

Sroun? oater in the shale. The following paraceicrs P11 be oas dn

QL = 795,000 L/a (pg. 0-152)
1,500 ng/t 3 13,000 g /L

il

Cl
¢ 50D = 26,000 .g/L
Ng = 500,000 L/a (as calcnlared in Section 3)

S
—

Cg t €1 =200 g/t si-1-1
:PuD = 50 wmg/L gli-1-1

Me [inal concentration of Cl in tha groundwater in the <hallow shales

voases fooa atout 1,000 np/L Lo atent 8,000 wg/L and for #ND it is

absut 16,000 wg/l.. Tt is suspected rhat there will he Tirtle

Cation of elther of threse pave: otevs betivcen the proposcd use
airca and diecharge to the FPalcoa and Iadian Creeks. There nre no
Yoo hvoestic users of grounduatec in this area, thereofore cuofce
sl gqunaility is the wain concern. Since there is aot way rellzble
Jeta on Fhe actnal chocdsteoy of dhe Tosolate o tha hask voond ity
rhe o e iy oY Y o

of T cnadeater grecter Fhea %o iato

5 ooy o deoasboate a ol cria Ll d pnat,

_29__




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
illuetrative purposes potential loading rates for Cl and BOD can be
estimated. Assume that 80% of the 40,000 m3/a of leachate gencrated
at the original site exfiltrates to the shale. Annual loading rates
for €1 vould vange from 48,000 kg to 416,000 kg (48* to 416i§ and
conld be s high as 832,000 g (832f§ “or 30D,

N
tonne

11.0 CHE PHYSTCAL AND CHEMICAHT, "NTEGRITY OF THE TILL
IN A LEACHATE BNV RMENT

ALl ecaleulations involving the hydravlic co docticity of e
{111 14 che GLAL report sad up to aow ia this repoct have  »so 1 olat
(L2 i1l aad leachate do not rosct, 1.e., thay wre corpuiible.
rhis is not slways the cazes, Fine grained soils 5«0 arve

VT,

c.wic o snitable as containvent havriers typieally have a Ligh
fr crion of clay minerals. These soils display differcnt liydrsulic
-2 werdvities with different flnids. Work conducted by Me=vi nad
Moeon (19/71), Aader-on (1232) and Besva and Anderson (1283) have

el this phenooona,

Tt is recomnmendoed in "Lini g of Vaste TIopoundment ~ud
i aaesl Facilities” (Matvieon, Toeo, 1680) that determin=t -1 of the
VoAl ol e covduerivity be coaductod oy fleids that are
v ovenentative of those that must te ¢ontfained. Olson und Dzadel

{1391) vave Jetailed the methods Tor  ~asuring the hydranlic

dret tvity of fine grained =37z nd Puniel (1481) has ont13-ed 1l e

. 1

~oble s in predicting the hydraulic coonductivity of coo - tod Vil
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Teblell,1 Summery of Sources of
Fielo Permeabiltity cf
from Leboratory Tests

Laboratory k

Potential Sources of Error Too Low or Hie

Error in Estimating
Compacted Clay Liners

Pessible Number
of Orders of
h? Meopitude of Errc-

-

Compaction at 8 Higher Vater Low
Content in Laboratory than
in Field

Maxium Size of Clay Chunks Low
Srnzller in Laboretoiy than
in Field
Dzleteriovs Substznces, e.0,, Low
Plant Ruots, Prescnt in the
Field tut Hot in ):burstory
Se.ples
Use Stagic or Lot Tl figh
o Petlier thon P
< g Cooyzcidon to %
Frepace Paboretory Spouinens
s Pore Cum, sctive EiTrrt Low
e Leborstoiy thoa in -
toid, Resuliiag in
jrom Vater fontent boing .
Atuher in Field then in
Laliietiory
A dn Litovatory Saenles Lo
Use of Frcessive Hydraulic L ong
Girediint Ceusing Pariicle
“Horetion
digh
S:iiple Size tevo Sm2ll in Low
Leborztury Test
Tesiccation Crecks In iield Low

o«

A vough estirste Leued onoeveilclle deta.

Souree:  Londiel, 198

2
—
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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
flocenlation/dispersion equilibrium may be disrupted and chemically
the so0il 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
o sansion,

o
e

Hr., Al Ridegrin of Golder Assoolzies supervi-ed
cecrionperorability tusts (pg. 0-116).  He stated that disrilled

- 5 d and that the tosts wove codaeted over a short pooiod

1 .

£ idoa, Disiilled vaier is not Zoing to e stored st Tarlingtoa aad

4

o Thse ot the site will be there 7or a long tiwe. MDisiilled water

~

ST hs ouiag oa diffevent chenistoy, vie csity and weight Jo ity

oy Yoesechaie, Ailutes the conceontvaition of icas aaturally fa ihe ooil
L tog the donble layer of the clays to w..pand. Expansion of iha

Jontle Tayer cswe s the clay particles to vopel one anothec and 4o

into a dionorsed state. As a coascaneace the hydranlic conducueizity

-
-—
—
o
)
J
—
]

21y low. 1f a representative field fluid, i.e., leschate
i3 oacd, Fleecernlorion vather than dispersion may occur. This conld
S e Ao ased hydraulic conducriviiy ihat is more represcatativ
Conoor e Tae s cnaed hydraulic concductiviiy ihat 1s more rweprescatative

of et o aditieons, 1€ leachate oo ot bhe rsed it is cowoon practice

to ase a Q.01 N € 904 solution. Torgoc durvation of testing is also

RN oded,

On pace 0146 it is ~t-tod vt 70w calealatica pooposes, a

'

¢ acravarive value of 1 x 1079 m/s is otod for the unfractured
111", If the acteal field hydraulic .ondctivity using leachate was
o oor too crders of megnitude yeeater, .o, 1078 or 1077 /s thon

vl s caloeluiions concerning brestibizongn tiase and volumes of

lieactote lenkage woul i : 5 - ;
A e lenxkage would be incorrect. Thus 1 x 10-9 /¢ 54 1o longer

I
o~
N

i




conservative, /MET—REgley has observed such increases in hydraulic

conductivity(?& 10,000 timesg /relative to the same soil tested with

water. FElsewhe e literature increases have been observed by as

much as 1,000,000 times.
RS Al Rty

To conclude this section it is interesting to note that on
page 0-57 of the GLAL report they recomiend 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 iateygrity of till to

leaschate,

iJLMAbgaﬂlA 0/ 12.0 VONTTORING AUD FIELD RECOIATSSANCE PROGRAM

At a weiing of 211 Lydrogzelogic fectnieonl por- 0 Lo G AL
cLoEiesn e May 9, 1924 a peotardve, Tutaoe, ooed oo ciioecta 0 oo
wos o laoar 2de The follawing vwes gevercally by =0 d cont
- all friuve wonitors will be o carvucted of 27 LoD, <voi 703
sicel or Lhoosded PVE, no o gloo i1l be veed, they will be

snirable for sampliang for organic annlysis
- ooeh tole will oo rain a cingle dveioo out oand be 00457 1.0,
- all “oles will be drilled dry
~ eand will be irctatlad coed o 10 U cere iad then the

aurnulus arcand e sipe il he o w73 (e ded) vith oa

bentonite groat to surface




Afterall

not o stop

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 be estzhlished to supply

input for the new wonitoring program

a deep ronitor upgradient of the present site to determine
Al

Lacvgronnd grenndeater cohe detry 2s w01 55 a monitor in the

Feiaity of PA-12, 8H-13 and o160 wil? Le fastalled first

Sloesed Tastaltation of anothier wonltor Turtrlec downgradiont

of the Taaddill bat on the properly iDL Dol lew,

y ote the follsging suggestions at Loo  ooiing:
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by the scale. To Mr. Ridley's knowledge there has bren no offsite

I

AR S
field reconnaissance., If there has been offsite reconnaissance

should be documented in the GLAL report.

Morrison Beatty Limited (1980, 1981) report upward and

it

downward gradients southeast of the Bayview Site. Hewetson and Cherry

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

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

investigations and monitoring should be instigated to determine

this 1s the case southeast of the Purlington site a3 well as in
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the Environmental Protection Act and whether, in your

opinion, the proposal can be carried out without
B e -

creating unreasonable environmental risks and, if so,

under what terms and conditions”.

It is felt that the environmental risks involved with

cxpanding the Burlington landfill cannot be gquantified at this time,

Nowever, various jllustrative calculations
b

hhave bewen conducted to

)

dewmonstrate the petential irpact that could occur despite the fact

.
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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 tiwe of leachate generation
will be extended due to the increase in refuse voluwe™ (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 O-1). 1If direct hydraulic contact
is nade 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 lcschate gencerated from Thase A will be collected by the RTD.
Moreover, infiltration to the refuse beneath Phase A will be greatly
reduced resulting in a redvction of lecachate veolumes from that portion
of the ron-engirceved site. In oider for this plan to be ishla the

STD will have Lo coroded o1 or o 2bove,

L

T g Sy AN ard ot of Cowidll be Taenrod oo s il oond

N
Sl s T sl end, s e ars o La ceo i R ! v, U oaa
coe e vas,  No Do Bl onlecdralin sycioa s te oo 00T nil o
i Ta, The oo posed symica Ts no oevel plion,

cr AL (P02%) R esid ool phoe W07 Gf ita Jeosgt o il
Slipore Vrem Srocarh rhe oo lopdvaiecd peve of e T a0i i T, The

orhe ewfiliryate s oa o0 v, As provicasly 43 oo o T widd

it ete to rhe P st s g ol T e b Jaothoe noer
! N L Tooa O 1; ! i y T L ! X A ! ‘1
o hoost torards Todion © ok,
The long tera by of e ML peder oo b Tle
3 SRS W ChaVA 7 PR Y aF S ICTR S S B B Proeh 't
oAl ehte then Lhort-teora, Jduraifon, 1ot o 0y cder oo dacd Toydeautie

Joeifvitics naing distilled water as s oporosont will oot 2pply to

i . ) ]

. . . e NPT e R L . » -
U obasl FieYd e vt T I!_,”” e cn Aoy didens Lt b an e 2
' Lo B L | ~, . N _ RE

L pood A tho Tah Ly T o atescde Coooo g sty Tt te




leakage losses, efficiency of leachate collection nnd time for

leachate breakthroungh to occur could be different than estimated in

the GLAL report.

conducted using a more vrepresentative fluid as the

]

GLAL veport then eother plans should be driowa up.

i

‘draulic condnctiviiies are differvent

It is recommended that longer term testing of the till be
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13.4 Original Landfill Site
gina i site J /01JK4»L¢ fay 501«/(- c. .

1t 1s Mr. Ridley's opinion that this site, in its present

form should never have been selected for the landiilling of refuse.
g

The main concerns with the original landfill site are:

cation of the plume
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practical,

installing horizontal drains.

However, it is worthwhile investigating the feasibility of

f they are practical, leachate volumes

cxfiltrating from the original landfill site would be greatly reduced.

Finally, although the logistics of a cleanup or management of

the cxisting plume are not heyond the scope of this report the

whindologies are.

cablish

Since delincation of the plune has yoetr been firmly

od plume nanagewcnt = :d/or cleanup cannot be cveluated,

Howvever, Mr. Leech has given evidence that investigstions are

Thus, the feasibility of plune managen ot - d/or cleanup
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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 wonitors

< 8A and 11A are diluted by an uanknown factor.

-

14.2 " The gquality of rhe bhact ~-sond groundwater chemictry 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.

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 efficlency 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.

-

/}9410 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
oé leachate and background groundwater chemistry must also be

considered in the impact scenario.

//iﬁ’tf/k 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.
//
e
1€,Xf 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. 1If actual field hydraulic conductivities are
greater than the lab testing has indicated then all calculations
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concerning leachate leakage losses, efficiency of leachate
collection, and time for leachate breakthrough will be
incorrect.

//,43 The existing monitoring program is not suitable for sampling and
analysis for dissolved organic constituents.

7

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.

Therg‘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 (l4.14) has
indicated that the plume has migrated off site. Surface water
sampling and analysis should be conducted in Falcon Creek at

locations within Aldershot.

14 3 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.

8 Hydrogeologically there is the potential for upward hydraulic
. gradients to exist southeast of the landfill site.

14 1§ The original landfill site in its present form should never have

been selected for landfilling of refuse.
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14.20 It cannot be unequivocally stated that "the proposal can be

w (1]
carried out without creating unreasonable environmental risks

until the following conditions are addressed.

14.20.1 General

b;)/<f accurate determination of leachate chemistry (izz?
%§'VVv \/>X<jvertica1 profile concentration of background (E;)

‘groundwater chemistry to at least 30 m into the shale

1 ¢
MA/V~ new onsite monitoring program (3;/)
X 5

3

— delineation of plume

14.20.2 Phases A and C (over original site)

x_BkCK;xtension of RTD in a northwesterly direction (EZ)

0ﬁ; ) parallel to the East Ditch to connect to the

underdrain system

0#1,3 h,jXF/;nvestigaCe Mr. Well's proposal for Phase A (};)

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

\

. ]
- = determination of the hydraulic conductivity of till (E%?)

using leachate or a representative fluid

- =~ determination of long term integrity of the till in a (g)

leachate environment

~—«Ex;/;igorous analysis of the effectiveness of the

expansion toe drain
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3

install monitors in the upper reach of Falcon Creek
northwest of the groundwater divide and in Indian

Creek east of the North East Ditch

R

N

14.20.4 Original Landfill Site

- evaluate the effectiveness of the RTD for collection (22)

of leachate

hydraulic contact with the RTD ﬁ;

I

- investigate the use of horizontal drains in direct (i:)

14.20.5 0ffsite Monitoring and Reconnaissance

PSS

~ ground and surface water monitoring offsite (269
b ~ inhdadis

“field reconnaissance to determine areas of bedrock |
- /
voutcrop and/or areas of groundwater discharge //) EZ
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Ontano

Environmental (416)965-2531 1 St. Clair Avenue West
Assessment Toronto, Ontario
Board M4V 1K7

Ap&fam 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.




‘:/r_ ' Environmental
{\ Assessment
Board -2 -

Uul no

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 em. 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 407% of the clay-exchange
sites should be occupied by Na't near the interface, however, subsequent
exchange experiments indicate that Nat is only adsorbed in minor quantities.

A bréliminary 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
1s 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.ay. 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 m 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 meagurements of
t111 hydraulic conductivity yielded values of about 1.5 x 10-8 cm/s at an
in situ water content of 20-257%. 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 soi1l in the 3 m zone directly below the waste is a carbonate-rich
clayey silt containing 40% of < 2 um sizes. The composition is approximately
as follows: =~ 347 carbonate, ~ 25% 1llite, =~ 24% chlorite, ~ 15% quartz and
feldspar, - 2% smectite. The effective cation exchange capacity 1s about
30 meq/100 g measured on the < 74 um 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
C2 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 Nat and €2~ 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‘t, k*, Mg?*, ca’t) 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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The results for t = 15 years indicate that cation migration has occurreg
to depths of 0.7 to 1.0 m 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 m 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 m apart,
Although the maximum depth of migration in both boreholes is similar, the
maximum cation values at the refuse/soil interface are significantly
different, e.g. Na¥ concentration of 23 mol/m3 in BHB3-2 compared to
10.6 mol/m in BH83-9, both values at the interface. 1In 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 m in BH83-2 (Fig. 1), suggesting that in this ‘0.5 m interval up to 40%
of the clay exchange sites should be occupied by Na®t, Subsequent work using
silver thiourea exchange indicated that calcium is the dominant adsorbed ion
and that only minor amounts of Nat are adsorbed on the clay minerals, This
situation may arise if the Nat concentration of the original leachate is not
high enough to promote Nat for ca?t 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 BHB3-2, and is

shown in Fig. 3. Chloride migration has apparently occurred to a depth of

~ 1 m.

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
(Vg = 0.24 cm/a) of transport from the landfill. The choice of the value for
the interface concentration is somewhat difficult, Measured C%~ 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 cm?/s and D = 2 x 107° cm /s, were
calculated from the analytical solution with Cq 86 mol/m3 and an

'effective!

I

interface position located 25 cm above the apparent interface.
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the use of D = 2 x 10'6 cmz/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 pgofile (C) calculated using this
assumption, with a value of D = 1 x 107" cm /s, is also presented on Fig. 3,
This profile exactly reproduces the upper 0.2'm of the measured profile, and
predicts the maximum depth of migration, however this does not constitute a
valid approach when reliable leachate c%ncentration values are available,
The "best-fit" value of D=2 x 107° cm“/s 1s comparable to the value of
3 to 6 x 107° cm /s given by Crooks and Quigley (1984) and to a value of
3 x 107° cm?/s given by Desaulniers et al (1981),
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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 weq/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 meq/100 g which corresponds to the apparent exchange
capaclty 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.
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DISSOLVED ORGANIC CARBON

A preliminary investigation of the migration of organic substances from

the landfill was performed by measuring dissolved organic carbon (DOC)
The borehole used for this study

concentrations in the soil porewater.,
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c *tained significant quantities of petroleum product in the interface region
an. overlying refuse, which would tend to produce measurable migration of
organic carbon in the soil porewater. The DOC profile is shown in Fig. 5 and
indicates that migration has occurred to a depth of approximately 0.9 m. The
measured concentrations reach a maximum value (41 mol/m’) at a depth of 0.1 m
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 DOC
migration from the landfill were obtained by Crooks (1981) when the landfill

was 12 years old.
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SUMMARY

Results of continuing studies at a 15 year old landfill situated on clay
have been presented and indicate that mi&ration has reached a depth of
approximately 1 m. Cation (Nat . K+ bg , Ca +) migration has reached a
depth of 0.7 to I m, as has Cg~ 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
iigrated about 0.9 m. A limited amount of analytical work suggests the
measured C{~ profile may be predicted using an effective diffusion
coefficient D = 2 x 10 cn /s in an expression for one-dimensional

diffusion.
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