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CANADA - A

A toxic

As authorities fight
over cleanup costs,
pollutants from

a long-abandoned
military base seep
into Ontario’s North

BY JULIUS STRAUSS, WINNIPEG

he abandoned buildings are

still standing but the win-

dows have long been

smashed. In the frigid cav-
ernous interiors, the wind scatters
pads of deadly asbestos lying on the
chipped concrete floor.

Outside, lie rusting hulks that
were once diggers and trucks, their
paint peeling and toxic chemicals
from their batteries and ancient ra-
diators seeping into the fragile per-
mafrost.

Nearby, stands a small mountain
of rusted metal drums. Locals say
there are as many as 10,000 of them
scattered throughout the area and
hundreds morelieatthe bottom of a
small pond nearby.

This is Winisk — a former Royal
Canadian Air Force radar base nes-
tled on the edge of Northern Onta-
rio's Polar Bear Provincial Park on
Hudson Bay; one of the most pris-
tine wilderness areas left on earth.

Abandoned by the military 40
years ago, this toxic wasteland has
been left to rot, its chemicals leak-
ing into the ground, as federal and

egacy in the heart of the wilderness

The cleanup of a former radar
base near Winisk has been
delayed by bickering between
provincial and federal officials
over who should pay.

cal improvements meant the entire
network had to be scrapped.

In 1964 and 1965, the Depart-
ment of National Defence closed
down the bases and began building
the Pinetree Line, another early
warning system further to the
R

not represent the full scale of the
ecological disaster at Winisk.
Natives who worked at thessite tell
how work crews were ordered by the
military to dig huge pits and dump
machinery they no longer needed
inside. Then the pits were covered

the military. The study, which has
been seen by The Globe and Mail,
concluded that Winisk, Cape Hen-
rietta Maria and several other bases
were contaminated and needed to
becleaned up.

Among the problems itemized
were the nresence of PORs ashes

LOULE PALU/THE GLOBEANDM
Former chief George Hunter climbs over abandoned fuel barrels this month in Winisk, a deserted air force base on the edge of Northern Ontario’s Polar Bear Provincial Park.

The province has since stepp
up efforts to persuade Ottawa
meet some of the estimated $€
million cost of cleaning up all t
former Mid Canada Line bases
Northern Ontario.

In March, David Ramsay, On!

rin's Minister for Natral Resoure



sé'_@-'@f&..: -

e

by E

(i
IL

e
) MA

o

RICHARD JOHNSON/THE GLOBE.



@0 - 4
4 : F 2 /
(] 1! &*G
-4 4 41 1 'G58
Q # : #
* ! 6109# <
@0 # #
4 l 6 , 4 6109



l <



RECHARGE

GASOLINE i
PHASE I
%. . ;
R -
FERRY UNSATURATED ZONE
R UL
= —_— NS
=\ ¥ TTmem e :CAPlU.ARY FRINGE

G G

N ———

WATER TABLE

FLOW ’
SATURATED ZONE ==

RECHARGE

LAND SURFACE

OIL PHASE

(OIL BODY)
UNSATURATED ZONE

FLOW ‘
SATURATED ZONE




+H o+ 1+

0 WATER TABLE | WATER TABLE

FLOW ’
FLOW ’

{A) CONTAMINANT IN SOLUTION IN
GROUNDWATER WITH NO DENSITY
DIFFERENCE (B) CHARACTERISTIC FLOW PATTERN OF

CONTAMINANT WHICH IS DENSER THAN
WATER (CONTAMINANT SINKS TOWARD

BOTTOM OF AQUIFER)

SOURCE OF PRODUCT
(GREATER DENSITY SOURCE OF PRODUCT

THAN WATER) (LESSER DENSITY
THAN WATER)

UNSATURATED
ZONE

~Y WATER TABLE

———
—— e e e

PRODUCT FLOW

DIiRECTION OF
GROUNDWATER FLOW

PRODUCT FLOW - CONFINING BED




]
T

AN

41 < 4 #

WATER-TABLE CONTOUR

| .
DISPOSAL - ;
AREA =

DIRECTION OF
GROUNDWATER FLOW



PLAN

LIMITING
FLOW LINE

GROUNDWATER
DIVIDE

—_—

ZONE OF
CONTAMINATION

F

FEET

40
SEA LEVEL
-40

UNSATURATED ZONE

OILY-WASTE

LAGOON MONITORING WELLS ~,
ol

FLOW PATH OF
LIGHTER-THAN-WATER
CONTAMINANTS

STREAM

““ FLOW PATH OF
“——— DISSOLVED
CONTAMINANTS

CONFINING BED

AQUIFER

7777777777777 77777 777777777777 777

BEDROCK

PLUME OF
CONTAMINATION RECHARGE

WATER TABLE

o e e e e e o o s  an e el

-

MAGOTHY AQUIFER

i

0 400 800 1200 1600 FEET



F

PRODUCTION

WELL
PLANT
CONTAMINANT MONITORING
= SOURCE AREA WELLS

WATER TABLE

STREAM

|

FLOW PATH OF
CONTAMINANTS

AQUIFER

IS ///////BE/DR/OC/K///////////f

A. IF NO PUMPING OCGCURS

PRODUCTION
PLANT WELLCONTAMlNANT
—— SOURGE Mow;'&tgma X

-] AREA
X STREAM

“WATER TABLE

~

/\\ //
CONE OF '

INFLUENCE

—

. FLOW PATH OF

CONTAMINANTS AQUIFER

TS S //////{E:Réx/////////////

B. IF PUMPING OCCURS



J
T

DISPOSAL i A

FEET

A) CHLORIDE PLUME, INEL, IDAHO
AQUIFER: BASALT
TIME: 16 YEARS

Y

B) CHROMIUM PLUME, LONG ISLAND
AQUIFER: SAND AND GRAVEL
TIME: 13 YEARS



CONSTITUENT

TYPE

A

c

HIGHLY SORBED, SUCH AS PESTICIDES
NOT AS HIGHLY SORBED, SUCH AS BENZENE

NOT AS HIGHLY SORBED AS BENZENE,
SUCH AS TRICHLOROETHYLENE

VERY LITTLE SORBTION, IF ANY,
SUCH AS CHLORIDE



I#

I#

# 1






WNWIXepy

Mt
b
E
3
S
q
<
el

on
Lo
o
o E
8%
nV

3

« 3

Wt «
>

>

0
4
0

(u) Ausoiog



DEAD-END PORE

WITH PRACTICALLY \
STAGNANT FLUID N
\\
PRACTICALLY
STAGNANT
POCKETS

N > &
A\

MAIN FLOW CHANNEL



@0 : 2|
ARSI Intact matrix
(porous (porous)
| 50 10" m’ Load Cell Hydraulic cylinder
Pressure transducer )
Reaction frame
Computer R
DAQI::: RN Hydraulic handjack

Shimadzu pump

Filtered water

Reservoir reservoir

h Indiana limestone Permeameter









K #
# 4 K #
I# F

41



| \Y
- ;
é =v C(x,t) '
. | |
i B
5 =- DNC(x,t) :
V(X, 1) ”
6'9




| | 4 -
v=-kNK ’
k k NF (x,t) 0
! K
! 6&9
D N?C- K
C-N.(Cv):E
qit
, | |
8
| 9
DpNZF :E ix,t)
qt
6G9



C

- 4 |
4 C(x 1) p(xt) : !
4 |
6 # 1 ,4 9 4
9 ! 689 6G9 : 2!
4 1 4 4
9 4 4
% 6 ; J
#
9
@ ! 4!
% 4 6*7)9% = 4 6*7)G9# 2 6*7)A%% 2
2 6*738&9# 6'5559D

6'5589B






*(35E# 1 &35 4

4



M

4 2 ; OF1#
; ! a
€0 wipon 6)9
qt i
F COD=GH® ; t20 039
0 C(x0)=0 : xi [0 6A9
HO %
4 xI [0,1)
I 2
C(x 1) = G H t-g 679
e ek 6+59
a 0 ; [t-(x/a)<o0






EEEEEEESEEEEEEEEEEEEEE




Pe=0.5;t= 40d Pe=100;t=50d

Numerical; -« Analytica Numerical; ----- Analytica

?  6*77)9B
Pe=¥;t=50d
Numerical; «=-:-- Analytica









41 4
-



4 2 4

6'6559Baf£r£b;0<g<20

Co H()



4)
E, 4

#'558



4 !
4! . F1M
1%F ,19F 1 9%F _ 6**9
M ‘Hr2+f‘ﬂf+r2‘ﬂqz_o
FM f(r,O):fO ; f(l’,Zp):O
6*'9
ﬂ =0 ﬂ =0
Ir (=a Tr o=
6**9
¥ B
f(r.g)=AInr +Bginr +Cq+D+  Ar"+— [C,sinng+D,comg] 6*&9
r
n=12,
F1
*
f(r.g)=fq 1- 2‘; 0789
y :@iq 6*G9



! 2

4! . OF1 M
M ﬂC+ ka2 ﬂC:-)cC; afr<¥; 0<g<2p; t30 6%)9

it 20r° g
FM C(r,0t)=C,H({t); a£r<¥,; t>0 6*39
OM C(r,g0)=0; af£r<¥; 0<g<2p 6*A9
a
4 1| C=C(r, 1)
D 4 4 #



2 C

OF1  416%9 6*A9 4 4
6 # o # '5559M
c(rq.) =exp{-xt 0} H[t- £ & ) 6*79
0
208° | , r
t(h)="p%g 0 h=— -
) P n 6'59
4 1 J

679 4 6 # "’ # '5589



F
2

a=5m ; k=003m/day ; /,=100m

x = 0.005/ day









HH

\ A




¥
ZA(z)Jy(zr)dz =1,
0

¥
z°Nz)J,(z1)dz =0
0

6

K

4

0

# *7G*9D

, (0,9)

(&%)

169

A()D
69
6"9
6*9  6"9
69



! 2 C
! 2
v.(r,z)=- 2;f0 z sinza)exp(z z)J € r)dz 6'&9
_2kf, ¥ .
V,(r,z)= b o sinza)exptz z)d g r)dz 6'89
4 !

' r=b ' 2M

v,(r,0) = Mo . 4 (0,b) 6'G9




.

< | 2
= 4 # 4 |
| 4>
4 | 4
4

i C ¥ .
EJ, K W o exp{ zz)sing a)J ¢ r)dz

P IC " evpe z2)sing a)y, & r)dz
fz o

C(r,z,0)=0 ; rl (0,¥) : zlI (0,%)

4
C(r,z,t)y=CGH(t) ; rl (O,b) ; =z O
MC/9z=0 ; ri(b¥) ; z O

OF1 4! 69 6'A9
H

=+xC;

6'39

6'A9






! C

4
2 2
N%/ (a,b)=h° T T tanha ) +cotps - "(a,p)=0 6'79
@0)=i e T v Lo ™ (a0
4> F
fab)=, ,a a, .falb, )Y®0  ®¥ 6&59
2
1/
cot ~(sinha *
/(c':?,b): 0 -l(- ) 6&*9
cot” *(sinhag)
! 41
v(a,b) = s i, 6&'9

c,cosha cot'l(sinhao)\/cosr?a - sin® b

P



4>

OF1

M

FM

oM

- M

1c, kf, 1C

Tt ¢’ cosha cot !(sinha,)(coslt a - sin® b) Ta
C(ay,b,t) = C, H(t)

C(a,b0)=0

=-xC

6&&9

6&89
6&G9



Q OF1 4! 6'G9 6'39 4 +

J 6 # '55&9
9 4 4 ;
C(a,b,t
(@ )=exp[-XWo @b/ H t-W. 4 b m) 6&A9
0
=a,/b,
2 1y
W,(a,b,m= 0 - n%)siqt (Sinh&,) [sinh®a - sinh*a,
/0 6879
+3cos” b(sinha - sinha,)]
Q = J OF1 41

6&&9 6&G9



%!

K

m:& =
s¥

e
8

k = 003m/ day
Jj , =100m

x = 0.005/ day



4 | 6 4
'55&9
4 4 :
C(a,b,t
(aC ):exp -XW @b/ )H t-W &4 b m) 6859
0
Obyla,
c; Inxg
W(a,b,/) = 6 [cost a - cosh a, - 3cos® b {cosha - coshay}] 68*9
0
1++1- /2

Inxg =In

68'9
1- v1- /2



o 9

Q ‘Ucr

N |-

k = 003m/day
/ , =100m

x =0.005



K :



K :

K6



OF1

FM

oM

K:1

1°C

™"

C C
11T_t+v0 expt /t).ET—X =D

CO,)=CH() ; t30
C(x,00=0 :; xI [0])

V, =kH,/l; k=k/n; /=K I n*
t=0

t>0#4

o\

. xI [0,¥) ;: t>0 68&9

6889

68G9
| Ho

OF1
x=0



4
. 9 4 ; 4 4
42 *75
+  B*7'79

2 6*7'79

2:  6*7G&9
0 ! 6*7G&9
4 % 2 6*7GS89
@ @ 6*7GA9

F 2 6*7)*9

+ 6*7)39 % 4



@ 0 4 4 # 4
OF1 01
Q 01 . /
# ! X [-a,a]
@ 01 :
' M
qC qmCc _9°C -
M  —+vyexpt/t)—=D— ; x| (-¥,¥) ; t>0 68)9
o TV p¢ )‘Hx 0o ( ) )

OM C(x0)=C[H(x+a-H(x 3] ; x-¥¥, ) 6839

Q 01 4 %: P | 4
(=k/M) O.



o .
41
X+aH6{1—exp{/t} . & g{l exp( t}
Led / R / X<\t
2 2/Dt 2 2/Dt ’
CxY _ SR
G {1- exp( /t}) {1 exp( t})
1 X- & \ 1 X ay
— Erfc / - — Erfc / x>\t
2Dt 2 2/Dt ’
) 6879
Erf(a) =1- Erfc@ )= exp{ ¥ XV

2
\/E 0
#

# $ 6'5589



4

#






D =0.005m* / day MD = 050m° / day






4>

C(x,00=0 ; xI [0])
C(0,t)=CH() : t30
HE) %

*IGE  *7)5E

6G59

6G*9
6G'9



C
. 26 9
2 + J
! 2
+
2
2 J
K J
#
!
4 4! 4
? 6*77)9B I 4] =
% # 6'55*9 | 4

; OF1 41 6859 689



69
69

I#



J ; a:

n+l _ n n+q
%wo ﬂix dx=0 6G&9

1 dw .
w+—a h—sign(v
] Sl an(vy)

C™=@1-g)C"+gC" , h=x,,-x ; Dt=t,,-t, 6G89

] n
a : #H. #
# 4 'L i*G



\Y

w+q Vv,Dt

dw C™-cC"
+V

dx

Dt

0

N

fc™
X

dx=0

6GGI



6G)9

Vo ﬂcnw
dx=0 6G39

X



41

6'55A98B

6'55G9 D



-F
4>
4
4 |
w+qgv,Dt
y J
4

dx

Vo

c™
X

dx=0 6GA9



[M +gDt(A + At U c}™ 6G79
=[M +gDtAC (1- )D(A +U)[{C}" +F

= NTN dx = ;
e
q VoN ! (Zl—N dx= : 2
X

-
= dN ( h)—dX_ :
e




4
Cx =G HIt- ] 6)*9
0

¥ 0%&' (&%

p & ()
# 6'55A9



C(x)=Gexp - ~= H[t ] 6)'9
0 0

¥ %&' (&%

p & ()



4
4 |
_ e Xy XX X
C(xt)=GCyexp - t v b " H -t " 6)&9
+ %&' (&%

p & ()



Cx =G H [1- exp( /t] x
6)89

¥ 0%&' (&%

p ‘& ()



. ! : W
4 4 !

C(x t)= G exptxt)H [1_ ex/p{ /tj X 6)G9

Vo

Ty %&' (&%



: I : W
4 1

CO =G exp _)\(/x X exp(—/t/)+/ 1, [1- e>/<p( /t) Vl 6))9
0 0

¥ %&' (&%






4!



6'55'9

41



41
Vr(R) =

f
ocka
; C(R
1t)
= 1 a’
R3
6)3
9

R2
C
0
3
fok a3

%? B
%



o o o
(o0s/w) Ia

6'55'9B



4 ;
Cr=|v|Dt/h 2

| 4

SG#

O5G















# <
4
Cr =|v||Dt/h = 050



E@= = W, Nc]? ?
24 fe
4 | 4
_ 1 he
2 Nig ie HVHie
vl |

Cr =|v|Dt/h= 025

6)A9

6)79



Cr =|v| Dt/h = 050



Cr =|v| Dt/h = 025



30

25

20

15

10

-10%

-15

-20¢

M *58A

0















41




x=0

k = 003m/day
/ , =100m

x = 0.005/ day



6'55&9D" 6'5589B



ﬂn_o’ﬂc
in
5 CO 15

Tt _

C=C,H(1)

f

fo







= # * 6'55)9


















| 4



@0

¥+ A



41












