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ABSTRACT 

I n  January 1983, a  l imited programme of t r i t i u m  analyses were undertaken on 

s e l e c t e d  water inf lows i n  t h e  No. 3 tunnel  a t  the  Donkin-Morien P r o j e c t ,  

Sydney Coa l f i e ld ,  Nova Scot ia .  After  a  b r ie f  review of t r i t i u m  da t ing  and 

condit ions a t  the  Donkin-Morien s i t e ,  the  r e s u l t s  a r e  discussed i n  r e l a t i o n  

t o  the  p o t e n t i a l  age and source of the  inflow water. The r e s u l t s  i n d i c a t e  

t h a t  t h e  feeders  a r e  a t  l e a s t  'modern' i n  age ( ~ r e - 1 9 5 2 ) ,  but because of the 

l imi ted  da ta  a v a i l a b l e  and the  problems assoc ia ted  with the  technique, they 

should only be used t o  supplement the  ana lys i s  and i n t e r p r e t a t i o n  of e x i s t i n g  

hydrological  and hydrochemical data  s e t s  p resen t ly  being co l l ec ted .  

INTRODUCTION 

The Sydney Coalf ield i s  located on Cape Breton I s land  which l i e s '  a t  t h e  

north-eastern end of Nova Scot ia .  During the  l a t e  19701s,  an ex tens ive  

d r i l l i n g  and geophysical programme by the Cape Breton Development Corporation 

(CBDC), defined an offshore coa l  resource block i n  t h e  Donkin-Morien area of 

t h e  c o a l f i e l d ,  Figure 1. Subsequent f e a s i b i l i t y  s t u d i e s  resu l t ed  i n  t h e  

d e f i n i t i o n  and implementation of t h e  Donkin-Morien Project .  

The i n i t i a l  phase of t h e  Donkin-Morien p ro jec t  involves t h e  development of 

two tunnels  (Nos. 2  and 3 )  3.5 km i n  length t o  i n t e r s e c t  t h e  Harbour seam. 



*Mine Site 

Figure 1 - Plan of the Sydney Coalfield showing the 
Donkin-Morien mine site and resource block 



At p resen t ,  1027 m of t h e  No. 3 tunne l  has been d r iven ,  a t  a 20% d e c l i n e ,  

us ing d r i l l  and b l a s t  methods, while a 7.6 m diameter f u l l  f ace  tunne l  boring 

machine is  being used t o  d r i v e  the  No. 2 tunnel.  

I n  t h e  f i r s t  500 m of t h e  No. 3 tunne l ,  water  f eede r s  were encountered which 

c o n s t i t u t e d  a nuisance r a t h e r  than a hazard t o  the  tunne l l ing  opera t ions .  

A l l  t he  a v a i l a b l e  d a t a  regarding these  inflows has been co l l ec t ed  and is cur- 

r e n t l y  undergoing ana lys i s  (1).  I n  January 1983, s t a f f  from the  Cape Breton 

Coal Research Laboratory (CBCRL) i n i t i a t e d  a l imi t ed  programme of t r i t i u m  

analyses  on s e l e c t e d  No. 3 tunnel  inf lows i n  an attempt t o  e s t a b l i s h  the  age,  

source  hor izon and recharge  mechanism of t h e  i n g r e s s  water.  I n  t h e  No. 2 

tunne l  only s e v e r a l  minor water f eede r s  have been encountered. 

TRITIUM DATING GROUNDWATER 

Tri t ium ( 3 ~ )  is a n a t u r a l  r ad ioac t ive  i so tope  of hydrogen which i s  formed 

n a t u r a l l y  by t h e  d i s s o c i a t i o n  of n i t rogen  fol lowing i n t e r a c t i o n  with cosmic 

rays.  It is a l s o  formed as  a by product of thermonuclear t e s t i n g  and has a 

h a l f  l i f e  of 12.26 years.  

The widespread t e s t i n g  'above ground' of thermonuclear devices  between 1952 

and 1962 d r a s t i c a l l y  increased t h e  amount of t r i t i u m  i n  the  atmosphere, 

swamping n a t u r a l  background l eve l s .  The i n t e r m i t t e n t  t e s t i n g  of such devices  

has  a l s o  l e d  t o  t h e  in t roduc t ion  of p e r i o d i c  pulses  o r  peaks of t r i t i u m  t o  

t h e  atmosphere. 

T r i t i um u s u a l l y  e n t e r s  the  hydrological  cyc le  v i a  p r e c i p i t a t i o n .  Figures  2 
4 

a?d 3 show t r i t i u m  v a r i a t i o n s  in: p r e c i p i t a t i o n  over Canada (2)  and Great 

B r i t a i n  (3)  f o r  t h e  period 1953 t o  1975. The pe r iod ic  na tu re  of atmospheric 

t r i t i u m  l e v e l s  is  s h ~ w n  i n  Figures  2 and 3 a s  we l l  a s  the  r e l a t i o n s h i p  

between peak l e v e l s  and those  years  i n  which major 'above groundt t e s t i n g  

occurred. However, i t  should be remembered t h a t  t he  amount of t r i t i u m  inpu t  

t o  t h e  e a r t h ' s  s u r f a c e  is  v a r i a b l e  and dependent on c l i m a t i c  condi t ions  a s  

I l l u s t r a t e d  by the  fo l lowing s ta tement  ( 3 )  : 







' I n  ocean i c  a r e a s  vapour exchange between t h e  atmosphere and s e a  w i l l  be f a r  

more e f f e c t i v e  t han  p r e c i p i t a t i o n  i n  removing t r i t i u m  c o n c e n t r a t i o n s  from t h e  

atmosphere.  Over land  a r e a s  t h e  removal of a tmospher ic  t r i t i u m  i s  p r i n c i p a l -  

l y  v i a  p r e c i p i t a t i o n ,  which i s  ex t remely  v a r i a b l e  and dependent on t h e  

v a r i o u s  c l i m a t i c ,  l and  d i s t a n c e  and o rog raph i c  i n f l u e n c e s  a f f e c t i n g  p r e c i p i -  

t a t i o n .  It i s  t h e r e f o r e  apparent  t h a t  t r i t i u m  c o n c e n t r a t i o n s  r e ach ing  t h e  

e a r t h ' s  s u r f a c e  can be 'exceedingly v a r i a b l e  i n  both  t ime and space.  Sonse- 

q u e n t l y ,  t r i t i u m  l e v e l s  i n  groundwater v i a  both  d i r e c t  and i n d i r e c t  r e cha rge  

can  a l s o  be ex t remely  v a r i a b l e ' .  A d e t a i l e d  d i s c u s s i o n  of t h e  d i s t r i b u t i o n  

of hydrogen i s o t o p e s  (deuter ium and t r i t i u m )  i n  Canadian wa t e r s  is g iven  by 

Brown ( 4 ) .  

I f  t h e  problems a s s o c i a t e d  w i th  u s ing  t r i t i u m  a r e  recognized ,  t hen  i n  s imp l i -  

f i e d  terms t h e  appa ren t  age of groundwater can be de termined  by i t s  c l a s s i f i -  

c a t i o n  acco rd ing  t o  one of t h r e e  types :  

1 )  No d e t e c t a b l e  t r i t i u m  - Older t han  100 y e a r s  

2)  Low l e v e l s  of t r i t i u m  - Pre-1952 

3 )  High l e v e l s  of t r i t i u m  - Post-1952 

A d i s c u s s i o n  of t h e  a p p l i c a t i o n  of hydrogen i s o t o p e  hydrology t o  mining 

r e l a t e d  groundwater problems can be found i n  ( 6 ,  7).  

GEOLOGICAL CONDITIONS I N  THE NO. 3 TUNNEL 

The Donkin-Morien t u n n e l s  have been d r i v e n  through t y p i c a l  Coal Measures 

s t r a t a  which comprises of i n t e o e d d e d  s ands tones ,  s i l t s t o n e s ,  mudstones and 

c o a l  seams. S t r u c t u r a l l y ,  t h e  s t r a t a  d i p s  g e n t l y  o f f s h o r e  (NNE) a t  between 4 

and 9 degrees .  

The No. 3 t u n n e l  and t h e  i n i t i a l  1300 m of t h e  No. 2 t u n n e l  were d r i v e n  i n  a 

mass ive  s ands tone  u n i t ,  35 m t h i c k ,  which v a r i e s  i n  l i t h o l o g y  from laminated  

t o  t h i c k l y  bedded and from f i n e  t o  c o a r s e  gra ined .  Ex t ens ive  carbonaceous 

p a r t i n g s  and c r o s s  bedding a l s o  e x i s t .  



The massive sands tone  u n i t  o r  ' P o r t a l '  s ands tone  i s  o v e r l a i n  by an i n t e rbed -  

ded sequence of s ands tone ,  s i l t s t o n e s ,  mudstones and s h a l e s  which va ry  i n  

composi t ion  w i th  both  dep th  and a r e a l  e x t e n t .  The ' P o r t a l '  s ands tone  u n i t  i s  

u n d e r l a i n  by a s i m i l a r  sequence of in terbedded a r g i l l a c e o u s  s t r a t a .  I n  t h e  

v i c i n i t y  of t h e  ou t c rop ,  both t h e  massive sands tone  and in terbedded a r g i l l a -  

ceous s t r a t a  e x h i b i t  weather ing  t o  a depth  of over  2 m. 

Three minor j o i n t  s e t s  i n t e r s e c t  t h e  a r e a ,  and a r e  found i n  both  t h e  t u n n e l s  

a s  w e l l  a s  t h e  outcrop.  

WATER OCCURRENCES I N  THE NO. 3 TUNNEL 

I n  t u n n e l  No. 3 water  seepage and inf lows were encountered  du r ing  t h e  f i r s t  

500 m of dr ivage .  They appeared t o  be a s s o c i a t e d  w i t h  a c l a y  seam which 

l o o s e l y  followed a conglomerate band nea r  t h e  t o p  of t h e  main sands tone  u n i t .  

During t h e  f i r s t  300 m ,  t h e  conglomerate and c l a y  l a y e r  were o f t e n  exposed i n  

t h e  t unne l  s e c t i o n  which r e s u l t e d  i n  wa te r  i n f lows  a t  t h e s e  l o c a t i o n s .  I n  

a d d i t i o n ,  i n f lows  were a l s o  exper ienced from open f i s s u r e s  c r ea t ed  by t h e  

d r i l l  and b l a s t  ope ra t i ons  used i n  t h i s  s e c t i o n .  Between 300 and 500 m,  t h e  

n a t u r e  of t h e  i n f lows  changed w i t h  water  on ly  be ing  encountered  i n  rock b o l t  

h o l e s  which i n t e r s e c t e d  t h e  c lay/conglomate  hor izon.  

DATA COLLECTION 

Water samples were c o l l e c t e d  from two l o c a t i o n s  i n  t h e  No. 3 t u n n e l  and one 

s u r f a c e  s i t e .  The underground samples were c o l l e c t e d  from water  ' f e e d e r s '  a t  

cha inage  300 m and 500 m ( v e r t i c a l  dep ths  70 and 100 m r e s p e c t i v e l y ) ,  whl le  

t h e  s u r f a c e  wa te r  sample was c o l l e c t e d  from t h e  s e a  a t  t h e  nearby Donkin 

beach. I n  each ca se ,  t h e  samples were c o l l e c t e d  i n  s t e r i l e  one l i t r e  p l a s t i c  

screw top  b o t t l e s  on s i t e ,  s e a l e d  and subsequen t ly  shipped f o r  a n a l y s i s .  

Samples were analyzed f o r  t r i t i u m  and i n o r g a n i c  carbon - 14 counts.  The tri- 

t ium count was measured u s ing  l i q u i d  s c i n t i l l a t i o n  count ing  over  a 100 min. 



period. The inorganic carbon - 14 count was measured using acid digestion, 
distillation preconcentration followed by liquid scintillation counting. 

The laboratory data is given in Table 1: 

Table 1 - Tritium counts (PC) for the field 
and laboratory collected samples. 

ANALYSIS AND DISCUSSION OF RESULTS 

Teet results in Table 1.. give the tritium concentration as a value in p i c 0  

curiea (PC) per litre. In ( 2 ) ,  (3 )  and ( 5 )  the atmospheric and groundwater 

tritium values are always expressed in Tritium Units (TU's). It is therefore 

necessary to convert pC/litre to Tritium Units, where 1TU = 3.26 pc. 



The a n a l y s i s  of t r i t i u m  i n  samples of d i s t i l l e d ,  de ion i zed  and t a p  wa te r  was 

a l s o  under taken w i th  t h e  f i e l d  samples. 

Table  2  - Tr i t i um v a l u e s  (TU) f o r  t h e  f i e l d  

and l a b o r a t o r y  c o l l e c t e d  samples. 

Tab l e  2 shows t h e  minimum, mean and maximum r e s u l t s  obta ined  f o r  t h e  samples 

i n  T r i t i um Un i t s  (TU). When reviewing Table  2 ,  extreme c a u t i o n  must be 

exe rc i s ed  when a t t emp t ing  t o  i n t e r p r e t  t h e  r e s u l t s .  

I n  both  Tables  1 and 2 a  l a r g e  p o t e n t i a l  e r r o r  e x i s t s  f o r  each  of t h e  

r e s u l t s .  It i s  t h e r e f o r e  neces sa ry  t o  assume t h a t  f o r  each  of t h e  s i x  

samples analyzed,  t h e  mean va lue  is  r e p r e s e n t a t i v e  of t h e  i n h e r e n t  t r i t i u m  

concen t r a t  ion.  

The samples c o l l e c t e d  from chainage 300 and 500 (523 and 461 TU) show g r e a t e r  

t r i t i u m  concen t r a t i ons  than  t h e  seawater  sample (370 TU). The samples of 

d i s t i l l e d ,  de ion i zed  and t a p  wa te r  show a  v a r i a t i o n  between 492 and 615 TU, 

i n d i c a t i n g  t h a t  modern va lues  can be expected  t o  l i e  i n  t h i s  region .  The 



*;t.nw:~ter va lue  of 370 W is lower than  t h a t  i n d i c a t e d  by t h e  comparable 

t m d e r n  samples (492-615 TU). 

A d i r e c t  comparison of t h e  modern and underground samples (Nos 51-56) sug- 

~ c s t s  t h a t  a l l  a r e  modern i n  age. Lloyd ( 3 )  s t a t e s  t h a t  ' a  c o n c e n t r a t f o n  of 

o v e r  4 TU can provide  a s i g n a t u r e  f o r  t h e  wa te r  t y p e ,  i n f e r r i n g  simply t h a t  

modern r echa rge  i s  a f e a t u r e ' .  S ince  t h e  chainage  300 and 500 m f e e d e r s  

r e g i s t e r  523 and 461 TU r e s p e c t i v e l y  i t  is i n f e r r e d  t h a t  both  sou rce  a q u i f e r s  

were recharged du r ing  t h e  pos t  1952 per iod .  A d e t a i l e d  examinat ion  of 

F igu re  2 sugges t s  a recharge  per iod  between 1962 and 1967. 

Recent va lues  f o r  t r i t i u m  concen t r a t i ons  i n  p r e c e p i t a t i o n  a t  Ottawa [ 8 ]  i nd i -  

r a t e  background va lues  i n  t h e  range 20 t o  100 TU. The modern samples (Nos 

54-56) i n  t h e  s t u d y  show values  between 490 and 615 TU, which a r e  g r e a t e r  

than  would be expected .  Two exp lana t ions  f o r  t h e  h igh  t r i t i u m  va lues  g iven  

I n  Table  2 must t h e r e f o r e  be cons idered:  

1 )  Thermonuclear a tmospher ic  t e s t i n g  i n  t h e  pe r iod  l a t e  1981 t o  1983 

s i g n i f i c a n t l y  i nc rea sed  t h e  background l e v e l s .  The underground 

f e e d e r s  would t h e r e f o r e  be ve ry  modern i n  age  ( l e s s  than  5 y e a r s )  

w i th  r a p i d  recharge  occu r r ing  e i t h e r  v e r t i c a l l y  downwards from seabed 

o r  down d i p  from outcrop.  However, communications w i th  va r ious  

a u t h o r i t i e s  [8 ]  i n d i c a t e s  t h a t  i n s i g n i f i c a n t  a tmospher ic  t e s t i n g  has  

occu r r ed  s i n c e  1981 and t h a t  low background t r i t i u m  l e v e l s  should be 

p r e s e n t  i n  t h e  environment. 

2)  An examinat ion  of Table 1 shows t h a t  a l l  t h e  samples analysed  have 

p o t e n t i a l  e r r o r s  i n  t h e  r eg ion  of 65 t o  73%. The d a t a  may t h e r e f o r e  

be s u s p e c t  due t o  e r r o r s  i ncu r r ed  du r ing  t h e  a n a l y t i c a l  procedure.  

I t  is concluded t h a t  e i t h e r  t h e  underground f e e d e r s  a r e  v e r y  modern i n  age  o r  

t he  d a t a  is  u n r e l i a b l e .  The sma l l  amount of a tmospher ic  n u c l e a r  t e s t i n g  

recorded d u r i n g  t h e  e a r l y  1980's  coupled w i th  t h e  magnitude of t h e  p o t e n t i a l  

e r r o r s  i n  Table  1 sugges t s  t h a t  t h e  d a t a  is u n r e l i a b l e  and should  on ly  be 

r l ~ e d  w i t h  extreme c a u t i o n  and i n  con junc t ion  w i t h  a d d i t i o n a l  hyd ro log i ca l  and 

hyd rogeo log i ca l  informat ion .  



CARBON .- 14 DATING 

No meaningful results were obtained from the Carbon - 14 analyses undertaken. 
In each case, the carbon - 14 count was found to be less than pC 15 and the 
exact value not specified because of insufficient sensitivity in the test 

method. 

If future work were to be undertaken, it should be determined beforehand 

whether the analytical method can be refined sufficiently in order to give a 

definite carbon - 14 value. 

CONCLUSION 

A direct examination of the results suggests that the two underground feeders 

encountered at chainage 300 and 500 m are discharging water which is 'modern' 

in age. However, a more detailed examination reveals that the data should be 

considered unreliable and only used with extreme caution and in conjunction 

with additional hydrological and hydrogeological information. Finally, addi- 

tional sampling to identify the source horizons of the No. 3.tunnel feeders 

should only be done once a thorough review of the analytical procedures for 

determining tritium have been undertaken. 
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