
APPENDIX A 

Minister’s Letter and Notes from DFO Working Session 







���������	
��������
����������������

�������������
���������������

����

� ���!"��
� �
�	�� �	�"�#��$��

����������	
���%�� &��
	�'����������������	�����������(��������)��*�����	���������	�+���������

�(���������	����)�'�	����������,����	����-����.�������/�

0������'��%� &��
	�'�������������	����������	������������),1230������������������(����

���(�(������/�

� &�����������),1230����������������	�����
	���������������������(��)��

*�����	�����/�

� &���'���
���
��(���	4�	��������������������������������	�������

	�'������

�(���������	����)�'�	����������,����	/�

5%.�� %����/�/�� � *��	��(������

 %��� %�6��/�/� � !����������7��	���������

 %�6� %.���/�/� � �	������"����	�10'�	'��4�8�	/�2�'��9�	#����������:�

 %.�� %;6��/�/� 0'�	'��4������'�	���'���
�����������
�	����������	�������4�	���������	����

�����������'����8�	/�9���*����������&��(��	�������7��/:�

 %;6���%����/�/� 2�������������
	�����������

��%�����%�6��/�/� 0'�	'��4�����
�������	�'�	�������	�����������������������
�����	������

82	/�-���!�	��	����	����,�����:�

��%�6���%.���/�/� *��	��(������

��%.����%�6��/�/� 2�������
	��������������4���	�����#�����������(����������	�������(�	���

�������8�	/�!���<����������	�������������7��/:� �

��%�6���%�6�
/�/� 2�������������
	������������

��%�6��%���
/�/� ,���(�
	�'���

�%�6�.%���
/�/�� 2����������
�	�����������������������(���������	=��	�+�������	����������

����	�������

.%���.%�6�
/�/� *��	��(������

.%�6�.%;6�
/�/� �����	���������������
��8�	/�*���	��3��	��������	/�9���*��(�	��	:� �

.%;6�;%���
/�/� � !	�
��
�8��/�>���!���:�

�

�



�
�

�

A
lt

o
n

G
as

W
o

rk
in

g
S

es
si

o
n

S
ep

te
m

b
er

19
,2

00
7

M
ar

ri
o

tt
H

ar
b

o
u

rf
ro

n
t

M
el

an
ie

M
ac

Le
an

D
F

O
T

im
M

ill
ig

an
D

F
O

T
an

a
W

or
ce

st
er

D
F

O
P

et
er

A
m

iro
D

F
O

R
ob

B
ra

df
or

d
D

F
O

G
ar

y
B

ug
de

n
D

F
O

V
an

es
sa

M
ar

gu
er

at
t

N
S

E
L

D
av

id
B

irk
et

t
A

lto
n

N
at

ur
al

G
as

S
to

ra
ge

LP
S

co
tt

M
cD

on
al

d
A

lto
n

N
at

ur
al

G
as

S
to

ra
ge

LP
R

ob
er

tF
ed

er
ic

o
Ja

cq
ue

s
W

hi
tfo

rd
K

el
le

y
F

ra
se

r
Ja

cq
ue

s
W

hi
tfo

rd
P

au
lM

ac
Le

an
La

nd
is

E
ne

rg
y

C
or

po
ra

tio
n

Ji
m

W
ar

ne
r

M
ar

te
c

Li
m

ite
d

W
im

V
el

dm
an

M
at

rix
S

ol
ut

io
ns

In
c.

K
im

W
es

t
M

T
&

L
B

ob
R

am
se

y
S

ol
te

ch
P

ro
je

ct
s

In
c.

B
ob

R
ut

he
rf

or
d

T
ha

um
as

E
nv

iro
nm

en
ta

lC
on

su
lta

nt
s

Lt
d.

Q
u

es
ti

o
n

/C
o

m
m

en
t

A
n

sw
er

D
av

id
B

ir
ke

tt
’s

P
re

se
n

ta
ti

o
n

G
ar

y
B

ud
ge

n’
s

qu
es

tio
n

ab
ou

to
th

er
pr

oj
ec

ts
th

at
di

sc
ha

rg
e

br
in

e.
B

ob
R

ut
he

rf
or

d/
S

co
tt

M
cD

on
al

d
di

sc
us

se
d

th
e

P
ot

as
h

P
ro

je
ct

th
at

di
sc

ha
rg

es
in

to
th

e
S

t.
Jo

hn
R

iv
er

E
st

ua
ry

/B
ay

of
F

un
dy

.P
er

m
it

co
nd

iti
on

s
su

bs
eq

ue
nt

ly
pr

ov
id

ed
to

D
F

O
/N

S
E

L.
B

o
b

R
am

sa
y’

s
P

re
se

n
ta

ti
o

n
W

ill
be

24
hr

s/
da

y
co

m
pu

te
r

m
an

ag
em

en
ts

ys
te

m
.

S
ta

ffe
d

5
da

ys
/w

ee
k,

7
ho

ur
s

pe
r

da
y.

T
an

a
W

or
ch

es
te

r’s
qu

es
tio

n
ab

ou
tm

on
ito

rin
g.

A
ut

om
at

ic
sh

ut
do

w
ns

if
re

qu
ire

d.
M

an
ua

lly
m

on
ito

re
d

to
lo

ok
an

d
se

e
th

at
no

ex
ce

ss
se

di
m

en
ti

s
le

av
in

g
ca

ve
rn

s
w

ith
th

e
br

in
e.

T
an

a’
s

qu
es

tio
n

ab
ou

tc
on

tr
ol

lin
g

di
sc

ha
rg

e
of

re
tu

rn
br

in
e.

A
ls

o,
au

to
m

at
ed

se
ns

or
s

to
m

on
ito

r
th

e
br

in
e

co
m

po
ne

nt
s.

T
im

M
ill

ig
an

’s
qu

es
tio

n
ab

ou
tv

ar
yi

ng
sa

lin
ity

du
e

to
tid

es
–

ho
w

S
en

so
rs

us
ed

an
d

flo
w

ra
te

of
pu

m
pi

ng
w

ill
be

ad
ju

st
ed

ac
co

rd
in

gl
y.



�
�

�

Q
u

es
ti

o
n

/C
o

m
m

en
t

A
n

sw
er

do
es

th
is

af
fe

ct
br

in
in

g
pr

oc
es

s?
R

ob
B

ra
df

or
d’

s
qu

es
tio

n
ab

ou
tn

um
be

r
of

ca
ve

rn
s

de
ve

lo
pe

d
an

d
w

he
n.

4
ca

ve
rn

s,
st

ar
tin

g
6

w
ee

ks
ap

ar
t,

m
ax

,1
0,

00
0

m
3 /d

ay
flo

w
ra

te
is

4
ca

ve
rn

s
be

in
g

op
er

at
ed

si
m

ul
ta

ne
ou

sl
y,

so
it

is
th

e
“u

lti
m

at
e”

sc
en

ar
io

.
Ji

m
W

ar
n

er
’s

P
re

se
n

ta
ti

o
n

T
im

M
ill

ig
an

’s
qu

es
tio

n
ab

ou
ts

ed
im

en
tc

on
ce

nt
ra

tio
n

T
S

S
=

34
0

m
g/

L
fo

r
B

ay
of

F
un

dy
gr

ab
sa

m
pl

e
(p

g
5l

in
E

A
)

P
et

er
A

m
iro

’s
qu

es
tio

n
ab

ou
tl

oc
at

io
n

of
m

on
ito

rin
g

–
hi

gh
ly

dy
na

m
ic

ar
ea

.A
ni

m
al

s
ha

ve
ad

ap
te

d
to

th
is

hi
gh

ly
dy

na
m

ic
ar

ea
–

ne
ed

to
pr

ov
id

e
m

or
e

in
fo

rm
at

io
n

be
ca

us
e

a
co

m
pl

ex
ity

of
ar

ea
.

W
im

/J
im

–
si

te
te

st
ed

an
d

da
ta

is
re

pr
es

en
ta

tiv
e

of
w

he
re

th
e

m
ix

in
g

ch
an

ne
li

s
pr

op
os

ed
.

R
od

’s
qu

es
tio

n
ab

ou
tt

ur
bi

di
ty

–
w

as
th

is
a

sn
ap

sh
ot

?
N

ee
d

m
or

e
in

fo
fo

r
sp

rin
g

tid
es

.
Y

es
.I

nf
o

on
tu

rb
id

ity
pr

es
en

te
d

in
E

A
w

as
on

ly
a

sn
ap

sh
ot

.

T
im

’s
qu

es
tio

n
ab

ou
ts

ed
im

en
tl

oa
di

ng
co

nc
en

tr
at

io
n.

T
im

’s
co

nc
er

n
ab

ou
ts

ed
im

en
td

yn
am

ic
s

ov
er

th
e

tid
al

cy
cl

e
an

d
th

at
th

ey
ha

ve
no

tb
ee

n
ch

ar
ac

te
riz

ed
w

el
le

no
ug

h.
F

in
e

se
di

m
en

ts
<

20
m

ic
ro

n
si

ze
in

flu
en

ce
th

e
hy

dr
o

dy
na

m
ic

s
of

th
e

riv
er

.
(T

S
S

-t
ot

al
su

sp
en

de
d

se
di

m
en

ts
-

be
co

m
in

g
th

e
fin

e
be

d
lo

ad
se

di
m

en
ts

).

B
ob

R
am

sa
y’

s
an

sw
er

–
C

oa
rs

er
fr

ac
tio

n
se

di
m

en
tw

ill
be

sc
re

en
ed

ou
tu

po
n

in
ta

ke
.F

in
er

fr
ac

tio
n

se
di

m
en

tw
ill

se
ttl

e
ou

ti
n

ca
ve

rn
s

an
d

no
ta

ffe
ct

ca
ve

rn
op

er
at

io
n

gr
ea

tly
.P

um
ps

ca
n

ha
nd

le
hi

gh
se

di
m

en
t

lo
ad

.

Ji
m

W
ar

ne
r–

to
ok

m
ea

su
re

m
en

ts
in

D
ec

em
be

r
an

d
ha

d
to

pu
ll

eq
ui

pm
en

to
ut

of
th

e
riv

er
du

e
to

ic
e,

so
co

ul
d

no
tm

on
ito

r.
T

an
a’

s
qu

es
tio

n
ab

ou
tt

he
w

in
te

r
co

nd
iti

on
s

(J
an

–
Ju

ne
).

D
av

id
-

A
lto

n
w

ou
ld

co
nt

in
ue

op
er

at
io

n
of

ca
ve

rn
/in

ta
ke

s
as

lo
ng

as
th

er
e

w
as

no
ic

e
bl

oc
ku

p.
T

he
n

op
er

at
io

ns
w

ou
ld

ha
ve

to
sh

ut
do

w
n.

R
ob

B
ra

df
or

d
–

on
ce

riv
er

ha
s

ic
e,

w
ou

ld
sa

lin
ity

/te
m

p
le

ve
ls

in
cr

ea
se

ab
ov

e
25

pp
tt

id
al

cy
cl

es
de

cr
ea

se
?

T
he

re
ha

s
be

en
no

sa
lin

ity
m

on
ito

rin
g

in
th

e
riv

er
in

th
e

w
in

te
r.

B
ob

R
am

sa
y

an
sw

er
ed

.I
ti

s
ag

re
ed

th
at

da
ta

ar
e

sp
ar

se
fo

r
w

in
te

r
ha

bi
ta

t.

W
im

V
el

d
m

an
’s

P
re

se
n

ta
ti

o
n

–
1st

P
ar

t
C

o
n

ce
p

tu
al

D
es

ig
n

T
an

a’
s

qu
es

tio
n,

ch
an

ne
ld

es
ig

n.
B

ob
sa

id
ch

an
ne

lc
an

be
m

ad
e

to
di

lu
te

th
e

br
in

e
to

w
ith

in
th

e
to

le
ra

nc
e

of
th

e
fis

he
s

in
cl

ud
in

g
ju

ve
ni

le
st

ag
es

.C
ur

re
nt

w
ou

ld
qu

ic
kl

y
ca

rr
y

eg
gs

an
d

la
rv

ae
pa

st
ar

ea
s

of
el

ev
at

ed
br

in
e.

P
et

er
A

m
iro

’s
qu

es
tio

n
ab

ou
ts

ig
ni

fic
an

ce
of

im
pa

ct
s.

(e
.g

.,
ne

ed
to

lo
ok

at
ba

d
ne

w
s

sc
en

ar
io

s
(s

uc
h

as
pu

m
ps

sh
ut

tin
g

do
w

n
et

c.
).

N
ee

d
to

lo
ok

at
en

vi
ro

nm
en

ta
lr

is
k

po
te

nt
ia

lt
o

fis
h

an
d

an
im

al
s

an
d

w
hy

is
th

is
de

si
gn

be
tte

r
th

an
ot

he
r

de
si

gn
?

W
im

sa
id

th
at

th
er

e
ar

e
op

er
at

io
na

ld
es

ig
n

fe
at

ur
es

th
at

ca
n

be
ad

ju
st

ed
if

is
su

es
ar

is
e,

e.
g.

,p
um

ps
ca

n
be

sh
ut

of
fi

n
re

sp
on

se
to

an
y

up
se

tc
on

di
tio

ns
or

ot
he

r
m

al
fu

nc
tio

ns
in

ca
ve

rn
s.

A
lte

rn
at

iv
es

fo
r

br
in

e
tr

an
sp

or
ta

re
pr

es
en

te
d

in
S

ec
tio

n
2.

7
an

d
ap

pe
nd

ic
es

of
th

e
E

A
R

eg
is

tr
at

io
n.



.
�

�

Q
u

es
ti

o
n

/C
o

m
m

en
t

A
n

sw
er

P
et

er
is

as
ki

ng
fo

r
a

fu
ll

ye
ar

pi
ct

ur
e

of
pr

oc
es

s.
In

ad
de

nd
um

,w
ou

ld
lik

e
to

se
e

al
lo

pt
io

ns
di

sc
us

se
d

an
d

w
hy

th
ey

w
er

e
no

tc
ho

se
n.

R
ef

er
to

S
ec

tio
n

2.
7

in
th

e
E

A
R

eg
is

tr
at

io
n.

T
he

su
pp

le
m

en
ta

lr
ep

or
t

w
ill

pr
ov

id
e

a
ra

tio
na

le
fo

r
th

e
po

st
-E

A
de

si
gn

up
da

te
s

(e
.g

.,
w

at
er

in
ta

ke
).

T
im

M
ill

ig
an

’s
qu

es
tio

n/
co

m
m

en
ts

–
m

iti
ga

te
fin

e
gr

ai
n

se
di

m
en

t.
W

ill
ne

ed
a

co
ns

ta
nt

flo
w

th
ou

gh
th

e
ch

an
ne

lo
r

th
e

ch
an

ne
lw

ill
co

m
pl

et
in

g
fil

lu
p

w
ith

th
e

m
ud

(b
ec

au
se

of
in

te
rt

id
al

pe
rio

d
w

he
n

th
e

flo
w

ra
te

is
ve

ry
sl

ow
)

T
he

ch
an

ne
ld

es
ig

n
fo

r
se

ttl
in

g
ca

n
be

m
iti

ga
te

d
bu

tc
an

’t
ju

st
us

e
hy

dr
o

dy
na

m
ic

m
od

el
s

to
de

si
gn

th
e

ch
an

ne
l.

C
ha

nn
el

w
ill

ha
ve

si
m

ila
r

or
sl

ig
ht

ly
le

ss
flo

w
s

to
m

ai
n

riv
er

ch
an

ne
l

an
d

w
ill

be
de

si
gn

ed
an

d
m

ai
nt

ai
ne

d
to

ke
ep

ch
an

ne
lc

le
ar

of
se

di
m

en
t.

T
hi

s
is

pr
im

ar
ily

an
op

er
at

io
na

li
ss

ue
.

P
et

er
A

m
iro

–
w

at
ch

th
at

th
e

ch
an

ne
ld

oe
s

no
tb

ec
om

e
a

le
th

al
tr

ap
fo

r
th

e
fis

h
an

d
an

im
al

s.
Lo

ok
at

lo
ca

lk
no

w
le

dg
e

an
d

th
e

er
os

io
n

po
te

nt
ia

l.

S
al

in
iti

es
in

th
e

ch
an

ne
lw

ill
no

ts
ur

pa
ss

to
xi

c
le

ve
ls

fo
r

sp
ec

ie
s.

W
at

er
te

m
pe

ra
tu

re
w

ill
be

ve
ry

cl
os

e
to

am
bi

en
tw

he
n

re
le

as
ed

.

W
im

V
el

d
m

an
’s

P
re

se
n

ta
ti

o
n

2n
d

P
ar

t
-

M
o

d
el

lin
g

D
is

ch
ar

g
e

S
ce

n
ar

io
s

T
im

M
ill

ig
an

’s
co

m
m

en
ta

bo
ut

sa
lin

ity
m

ix
in

g.
H

av
e

to
m

ai
nt

ai
n

th
e

hi
gh

flo
w

ra
te

.

B
ob

R
ut

he
rf

or
d

–
eg

gs
an

d
la

rv
ae

be
co

m
e

m
or

e
to

le
ra

nt
as

th
ey

ge
t

bi
gg

er
.

T
he

tu
rb

ul
en

ce
ke

ep
s

th
em

in
w

at
er

co
lu

m
n

an
d

m
ov

in
g

as
lo

ng
as

th
er

e
is

a
co

ns
ta

nt
flo

w
.

T
an

a/
R

od
po

in
te

d
ou

tt
ha

tt
he

ad
de

nd
um

w
ill

ha
ve

to
sh

ow
di

st
an

ce
m

od
el

in
g

(d
ow

n
st

re
am

)
e.

g.
,t

em
pe

ra
tu

re
pr

of
ili

ng
if

th
er

e
is

a
th

er
m

al
sp

ik
e.

S
ee

be
lo

w
.

R
od

as
ke

d
ab

ou
te

xc
lu

si
on

of
fis

h
(a

ttr
ac

ts
fis

h
in

th
e

w
in

te
r)

an
d

th
e

te
m

pe
ra

tu
re

co
m

in
g

ou
to

ft
he

di
sc

ha
rg

e.
T

he
te

am
w

ill
pr

ov
id

e
ad

di
tio

na
li

nf
or

m
at

io
n

ab
ou

tt
em

pe
ra

tu
re

.

P
et

er
A

m
iro

’s
co

m
m

en
tt

ha
ty

ou
ca

n’
tj

us
tl

oo
k

at
on

e
sp

ec
ie

s.
D

o
w

e
th

in
k

th
e

riv
er

ch
an

ge
s

w
ill

ha
ve

a
si

gn
ifi

ca
nt

im
pa

ct
on

sp
ec

ie
s?

T
he

E
A

R
eg

is
tr

at
io

n
fo

cu
se

d
on

lis
te

d
sp

ec
ie

s
du

e
to

se
ns

iti
vi

ty
an

d
re

gu
la

to
ry

pr
ot

ec
tio

n.
D

at
a

on
pr

es
en

ce
of

ot
he

r
no

n-
lis

te
d

sp
ec

ie
s

m
ay

be
sp

ar
se

.I
n

ge
ne

ra
l,

sp
ec

ie
s

ha
ve

ad
ap

te
d

to
w

id
e

ra
ng

es
of

sa
lin

ity
in

th
e

riv
er

.S
al

in
iti

es
fr

om
pr

oj
ec

td
is

ch
ar

ge
s

w
ill

be
w

ith
in

th
e

na
tu

ra
lr

an
ge

of
sa

lin
iti

es
.

D
es

ig
n

th
at

fo
llo

w
s

na
tu

ra
lv

ar
ia

tio
n

is
th

e
be

st
re

gi
m

e
(m

im
ic

na
tu

re
).

T
he

te
am

ag
re

es
an

d
pr

es
en

te
d

se
ve

ra
ld

is
ch

ar
ge

sc
en

ar
io

s
th

at
m

im
ic

sa
lin

iti
es



;
�

�

Q
u

es
ti

o
n

/C
o

m
m

en
t

A
n

sw
er

T
an

a
po

in
te

d
ou

tt
ha

tt
od

ay
’s

fo
ru

m
is

fo
r

D
F

O
sc

ie
nc

e
to

le
ar

n
an

d
po

in
to

ut
re

la
tiv

e
ris

k
of

th
e

di
ffe

re
nt

op
tio

ns
an

d
th

en
D

F
O

m
an

ag
em

en
tw

ill
de

te
rm

in
e

th
e

ris
k

an
d

m
ak

e
th

e
de

ci
si

on
s.

C
om

m
en

tn
ot

ed
.

W
im

V
el

d
m

an
’s

P
re

se
n

ta
ti

o
n

3rd
P

ar
t

T
im

M
ill

ig
an

’s
co

m
m

en
ta

bo
ut

si
lt

bu
ild

up
in

in
ta

ke
st

ru
ct

ur
e

T
hi

s
is

op
er

at
io

na
li

ss
ue

bu
ti

tw
ill

be
co

nt
in

uo
us

ly
flo

w
in

g.
R

od
B

ra
df

or
d

–
ne

ed
to

kn
ow

ab
ou

tm
in

im
um

flo
w

,h
ow

do
yo

u
kn

ow
?

T
he

te
am

w
ill

pr
ov

id
e

ad
di

tio
na

li
nf

or
m

at
io

n
ab

ou
tf

lo
w

.

P
et

er
A

m
iro

sa
id

th
at

de
si

gn
w

he
re

ze
ro

im
pa

ct
is

no
tr

ea
so

na
bl

e
so

lo
ok

in
g

at
m

ax
/m

in
va

ria
bl

es
is

th
e

rig
ht

th
in

g
to

do
.

T
o

be
ex

tr
ac

tin
g

at
lo

w
di

sc
ha

rg
e/

lo
w

tid
e

is
no

ta
go

od
id

ea
.

N
ee

d
to

lo
ok

at
di

ffe
re

nt
ve

lo
ci

ty
go

in
g

th
ro

ug
h

th
e

in
te

rs
tit

ia
ls

pa
ce

s
of

th
e

ro
ck

m
ed

ia
fil

te
r.

S
ev

er
al

de
si

gn
s

ar
e

un
de

r
co

ns
id

er
at

io
n

fo
r

th
e

in
ta

ke
fil

te
r

m
ed

ia
.

T
he

te
am

fe
el

s
co

nf
id

en
tt

ha
tt

he
de

si
gn

ca
n

m
in

im
iz

e
im

pi
ng

em
en

t/e
nt

ra
in

m
en

to
ff

is
h

eg
gs

an
d

la
rv

ae
.I

n
an

y
ca

se
,

cu
rr

en
ts

m
ov

in
g

pa
st

th
e

in
ta

ke
w

ill
be

su
ffi

ci
en

tt
o

ov
er

co
m

e
th

e
ve

lo
ci

tie
s

as
so

ci
at

ed
w

ith
th

e
in

ta
ke

.T
he

re
fo

re
,m

os
to

ft
he

eg
gs

an
d

la
rv

ae
w

ill
be

ca
rr

ie
d

pa
st

th
e

in
ta

ke
.

R
od

’s
co

m
m

en
t–

ev
en

ne
w

es
td

es
ig

n
w

ill
ha

ve
en

tr
ai

nm
en

to
fe

gg
s.

V
el

oc
iti

es
in

th
e

ch
an

ne
lw

ill
ca

rr
y

eg
gs

pa
st

th
e

in
ta

ke
.A

ny
eg

gs
th

at
ar

e
en

tr
ai

ne
d

m
ay

be
flu

sh
ed

ou
tb

y
th

e
tid

es
.

R
od

sa
id

th
ey

w
ill

be
co

m
e

im
pi

ng
ed

on
th

e
w

al
lo

fs
tr

uc
tu

re
s

an
d

w
ill

no
tb

e
ab

le
to

ge
tb

ac
k

ou
t.

D
av

id
sa

id
th

at
m

on
ito

rin
g

w
ill

be
do

ne
to

de
te

rm
in

e
th

e
pr

es
en

ce
of

eg
gs

an
d

la
rv

ae
.T

he
tid

es
sh

ou
ld

di
sl

od
ge

an
y

im
pi

ng
ed

eg
gs

.
P

et
er

sa
id

ap
pl

ic
at

io
n

m
us

ts
ho

w
m

od
el

th
at

pr
ov

es
th

at
eg

gs
w

ill
no

tb
e

in
ta

ke
an

d
w

ill
flo

w
th

ro
ug

h
th

e
ch

an
ne

la
nd

ou
t.

P
et

er
fe

el
s

th
at

th
is

in
ta

ke
ha

s
no

tb
ee

n
de

si
gn

ed
fr

om
en

vi
ro

nm
en

ta
lr

ea
so

ns
(s

ilt
up

,e
gg

s
in

ta
ke

,v
el

oc
ity

)

A
ns

w
er

si
m

ila
r

to
ab

ov
e.

K
ey

Is
su

es
S

u
m

m
ar

y
1.

W
at

er
W

ith
dr

aw
al

.

T
an

a
as

ke
d

ab
ou

td
is

cu
ss

in
g

al
te

rn
at

iv
es

.
A

lte
rn

at
iv

es
pr

ov
id

ed
in

S
ec

tio
n

2.
7

of
th

e
E

A
R

eg
is

tr
at

io
n.

R
od

sa
id

in
te

re
st

ed
in

kn
ow

in
g

w
hy

th
is

lo
ca

tio
n

w
as

ch
os

en
an

d
ha

ve
th

is
di

sc
us

se
d

in
th

e
ap

pl
ic

at
io

n.
D

av
id

ex
pl

ai
ne

d
w

hy
th

is
lo

ca
tio

n
w

as
ch

os
en

ov
er

ot
he

r
lo

ca
tio

ns
du

e
to

a
va

rie
ty

of
te

ch
ni

ca
l/e

co
no

m
ic

al
ly

/e
nv

iro
nm

en
ta

lr
ea

so
ns

.

R
od

sa
id

th
e

is
su

e
of

w
in

te
r

ha
bi

ta
ti

s
a

la
rg

e
un

kn
ow

n,
th

er
ef

or
e

th
e

de
si

gn
of

th
e

ch
an

ne
lf

or
w

in
te

r
dy

na
m

ic
s

is
a

la
rg

e
un

kn
ow

n.
B

ob
R

am
sa

y
an

sw
er

ed
.I

ti
s

ag
re

ed
th

at
da

ta
ar

e
sp

ar
se

fo
r

w
in

te
r

ha
bi

ta
t.

R
od

sa
id

th
at

at
th

is
lo

ca
tio

n,
th

e
“b

ar
”

is
au

to
m

at
ic

al
ly

ra
is

ed
fo

r
C

om
m

en
tn

ot
ed

.



6
�

�

Q
u

es
ti

o
n

/C
o

m
m

en
t

A
n

sw
er

pr
oj

ec
ta

pp
ro

va
lb

ec
au

se
th

er
e

ar
e

4
sp

ec
ie

s
of

co
nc

er
n

th
at

us
e

th
is

riv
er

(I
B

O
F

S
al

m
on

,s
tr

ip
ed

ba
ss

,s
tu

rg
eo

n,
A

m
er

ic
an

ee
l).

2.
W

at
er

w
ith

dr
aw

al
/B

rin
e

di
sc

ha
rg

e
N

ee
d

hi
gh

re
so

lu
tio

n,
3-

D
si

te
m

od
el

,i
nd

ic
at

in
g

br
in

e
di

sc
ha

rg
e

an
d

en
tr

ai
nm

en
ts

ce
na

rio
s.

T
he

te
am

w
ill

pr
ov

id
e

ad
di

tio
na

li
nf

or
m

at
io

n.

3.
S

ed
im

en
tD

is
ch

ar
ge

N
ee

d
m

or
e

da
ta

on
se

di
m

en
tc

on
ce

nt
ra

tio
n

in
th

e
riv

er
,e

.g
.,

in
te

ra
ct

io
n

of
flo

w
pa

tte
rn

s
(c

ha
ng

e
of

riv
er

dy
na

m
ic

s)
.

T
hi

s
is

an
op

er
at

io
na

li
ss

ue
th

at
w

ill
be

re
fin

ed
.

F
ou

r
se

as
on

s
of

da
ta

A
s

di
sc

us
se

d
ab

ov
e,

av
ai

la
bl

e
da

ta
m

ay
be

sp
ar

se
.

T
an

a’
s

co
m

m
en

ta
bo

ut
de

co
m

m
is

si
on

in
g

of
th

e
in

ta
ke

/m
ix

in
g

ch
an

ne
l.

D
av

id
sa

id
w

ou
ld

ke
ep

th
e

in
ta

ke
/c

ha
nn

el
op

er
at

io
na

la
s

lo
ng

as
th

e
fa

ci
lit

y
is

op
er

at
io

na
li

n
ca

se
m

or
e

ca
ve

rn
s

ar
e

de
ve

lo
pe

d
in

th
e

fu
tu

re
.

R
od

’s
co

m
m

en
t–

ho
w

w
ill

w
e

sh
ow

w
ha

tt
he

flo
w

ra
te

s
ar

e
in

th
e

m
ix

in
g

ch
an

ne
lt

o
pr

ov
e

no
si

lt
bu

ild
up

.
W

im
sa

id
w

e
w

ill
de

si
gn

an
d

su
bm

it
th

is
in

fo
rm

at
io

n
w

ith
th

e
re

po
rt

.

W
ra

p
-u

p
R

od
B

ra
df

or
d’

s
co

m
m

en
tt

o
co

m
pi

le
a

ta
bl

e
lis

to
ft

he
sp

ec
ie

s
an

d
th

ei
r

us
e

of
th

e
ha

bi
ta

tb
y

ea
ch

sp
ec

ie
s

to
ev

al
ua

te
th

e
im

pa
ct

of
th

e
pr

oj
ec

tc
om

po
ne

nt
s.

A
dd

iti
on

al
sp

ec
ie

s
in

fo
rm

at
io

n
w

ill
be

pr
ov

id
ed

if
av

ai
la

bl
e.

M
el

an
ie

as
ke

d
fo

r
el

ec
tr

on
ic

co
pi

es
of

th
e

E
A

.
V

an
es

sa
w

ill
se

nd
it

ou
ta

nd
it

al
so

av
ai

la
bl

e
on

th
e

N
S

E
L

w
eb

si
te

.
T

an
a

as
ke

d
fo

r
qu

es
tio

ns
to

go
th

ro
ug

h
sc

ie
nc

e
br

an
ch

(i.
e.

,T
an

a)
no

tt
o

in
di

vi
du

al
sc

ie
nt

is
ts

.T
he

sc
ie

nc
e

br
an

ch
co

ns
ul

ts
w

ith
M

el
an

ie
’s

m
an

ag
em

en
td

ep
ar

tm
en

t.

C
om

m
en

tn
ot

ed
.



APPENDIX B 

Water Intake and Discharge Facilities 



�������������	�
�� ���������

�	����������
���
� ����

���������� ����
������

����� ������� ���

������	 �


��������� �		


������ ����	 

��



118, 319 - 2 Avenue S.W.
Calgary, Alberta, Canada  T2P 0C5

Phone: (403) 237-0606, Fax: (403) 263-2493
www.matrix-solutions.com

6639-522 R-1107 final.doc 

Report Prepared for: 

ALTON NATURAL GAS STORAGE LTD. 

Prepared by: 

MATRIX SOLUTIONS INC. 

 reviewed by 

Wim M. Veldman, M.Sc., FEIC, P.Eng.  Don Ramsey, M.Sc., P.Eng. 
Vice President  Senior Engineer 

November 21, 2007 
Calgary, Alberta 

ALTON NATURAL GAS STORAGE 

WATER INTAKE AND DISCHARGE FACILITIES 

SHUBENACADIE RIVER, NOVA SCOTIA 

FOLLOW-UP SUBMISSION 



ii

6639-522 R-1107 final.doc 

TABLE OF CONTENTS 

1.0 INTRODUCTION............................................................................................................... 1

2.0 MIXING CHANNEL DESIGN ............................................................................................ 1

2.1 Rationale for Selecting the Mixing Pond/Channel Design..................................... 1

2.2 Mixing Pond versus Mixing Channel ..................................................................... 3

2.3 Suitability of the Project’s Location in the Shubenacadie River............................. 3

2.4 Flow and Velocity in the Channel .......................................................................... 4

2.5 Armouring.............................................................................................................. 5

2.6 Channel Depth ...................................................................................................... 5

2.7 Layout of the Channel ........................................................................................... 5

3.0 MIXING CHANNEL PERFORMANCE .............................................................................. 6

3.1 Criteria................................................................................................................... 6

3.2 Modelling Results – Using Maximum Outflow/Discharge Rates............................ 7

3.3 Outfall Design........................................................................................................ 8

3.4 Intake Design ........................................................................................................ 9

4.0 “WHAT IF” OPERATIONAL SCENARIOS ...................................................................... 10

FIGURES

FIGURE 1. Comparative Air Photos, Shubenacadie River, 1974–2004 

FIGURE 2. Schematic and Graphic Presentation of Mixing Channel and Brine Flow 

Relative to the Shubenacadie River 

FIGURE 3. Preliminary Plan of Mixing Channel 

FIGURE 4. Mixing Channel Profile and Cross-Section 

FIGURE 5. Mixing Channel Salinity for Various Brine Discharge and River Flow Scenarios 

FIGURE 6. Conceptual Intake and Outfall Details 

TABLES

TABLE 1. Operational Responses to Various “What If” Scenarios 



Page 1 

6639-522 R-1107 final.doc 

1.0 INTRODUCTION 

On July 31, 2007, the Minister of Environment and Labour requested additional information from 

Alton Natural Gas Storage L.P.  On September 19, 2007, a working session was held in Halifax 

with representatives from the Nova Scotia government (NSEL) and Fisheries and Oceans 

Canada (DFO).  A number of questions and issues arose that warranted the submission of 

Supplemental Information to the July 2007 Environmental Registration (EAR) report for the 

Alton Natural Gas Storage Project. 

With respect to the proposed water intake and discharge facilities at the Shubenacadie River, 

the Supplemental Information focuses on: 

 providing more detailed preliminary design details and criteria of the mixing channel and 

associated outlet and intake works; 

 presenting a summary of the discharge scenarios discussed at the meeting; 

 outlining potential “what if” conditions in the operations phase, their impact on operations 

and/or the environment; and 

 the need for mitigative measures, if necessary. 

The proposed facilities on the Shubenacadie River are unique from a design and environmental 

viewpoint.  A degree of uncertainty is associated with any unique project, whether its 

uniqueness is due to its design, availability of data, environmental considerations or river 

characteristics.  With a sound design, construction, operation and maintenance strategy, it is 

believed that the uncertainties will be well within the projected impacts of the project and that 

mitigative measures can be undertaken, if necessary, in a timely manner. 

2.0 MIXING CHANNEL DESIGN 

2.1 Rationale for Selecting the Mixing Pond/Channel Design 

Appendix B of the June 2007 ER report presented three options to withdraw and discharge flow 

from and into the Shubenacadie River, namely: 
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 Option 1 – Multi-Port Diffuser.  With this option, water withdrawal would be by means of a 

structure located on the right bank (as looking downstream towards the Minas Basin), while 

the discharge from the salt caverns would be via multi-ports located in the main channel of 

the river. 

 Option 2 – Single Port River Outlet.  The water withdrawal would be the same as for 

Option 1, while the total discharge into the river would be via a single pipe or outlet structure 

located on the right bank. 

 Option 3 – Intake/Outlet Structure and Pre-mixing Pond Channel.  The water withdrawal in 

this option would be the same as in Options 1 and 2.  With this option the discharge would 

be into a pre-mixing pond or channel constructed adjacent and parallel to the right bank of 

the river. 

After consideration of the following: 

 impact of construction regarding sediment concentrations in the Shubenacadie River; 

 impact of the operation of the proposed works on water quality, namely salinity; 

 extent of instream works with respect to design, construction and operation/maintenance 

issues;

 regulatory challenges, particularly Transport Canada and Fisheries and Oceans Canada 

with respect to the construction, operations and maintenance of midstream or near bank 

structures;

the pre-mixing pond/channel was selected.  It avoids the need for significant instream 

construction (Option 1) – the diurnal tidal velocities and water level changes would require large 

instream cofferdam structures.  The scope of instream works would have been significantly 

reduced with Option 2, but this technique would have discharged the total flow from the caverns 

into the river via a single point discharge, a potential salinity concern.  With the pre-mixing 

pond/channel Option 3, the scope of instream works are minimized, and the mixing of the return 

flow from the salt caverns occurs in a side pond or channel excavated parallel to the 

Shubenacadie River. 
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From operational and environmental viewpoints, the advantages of Option 3 are significant, 

since maintenance or mitigative measures can be undertaken or constructed, if necessary, with 

minimal instream construction in the main channel of the river.  For example, modification of the 

water withdrawal or outlet structures could be achieved by simply isolating those facilities within 

the confines of the mixing channel. 

2.2 Mixing Pond versus Mixing Channel 

As a result of modelling the salinity concentrations of the discharge from the salt caverns into 

the pre-mixing pond or channel (Section 3.2), the channel is more favourable from an 

environmental viewpoint, as it: 

 Maximizes the flow-through and, thus, the mixing achieved. 

 Provides a uniform cross-section; the channel reduces the likelihood of “dead flow areas” 

that would exist in a pond.  Sediment deposition and high salinity concentrations would 

occur in the dead and low velocity areas common in a pond. 

 Maintenance or cleanout of the water withdrawal or discharge facilities or the channel itself, 

would be, compared to a pond, greatly facilitated by a narrow channel cross-section that can 

be more easily accessed by conventional construction equipment. 

2.3 Suitability of the Project’s Location in the Shubenacadie River 

The performance of the mixing channel, from a hydraulic and thus salinity viewpoint is 

dependent on the magnitude of flow into the channel.  River changes, such as the formation of 

bars at the channel’s inlet or outlet, could significantly decrease the magnitude of flow into the 

mixing channel. 

The stability of the Shubenacadie River was evaluated via a comparison of 1974, 1985, 1994 

and 2004 aerial photographs (Figure 1).  The comparative photographs, selected to illustrate 

low tidal conditions when side or mid-channel bars are visible (except for the 2004 photograph), 

illustrate that at the proposed location of the mixing channel, the main channel has been located 

along the right bank for more than 30 years.  The river’s pattern approaching the project’s 
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location is governed by several sharp bends, upstream to the confluence with the Stewiacke 

River, which are stable.  Thus, in the foreseeable future, the main channel of the Shubenacadie 

River, at and next to the proposed mixing channel, is not expected to change. 

2.4 Flow and Velocity in the Channel 

The layout of the mixing channel, relative to that of the Shubenacadie River, is illustrated on the 

2004 air photograph (Figure 2).  The mixing channel can best be compared to a natural side or 

sub-channel.  Martec’s May 2007 field data was utilized as follows to compute the flow and 

velocity in the mixing channel: 

 The average water level profile or slope in the mixing channel is equal to that in the river, 

as the inlet and outlet water levels are governed by the river’s water levels at those 

locations.

 The velocity in the mixing channel was assumed to be 66% of that in the main channel.  

The hydraulic conditions in the narrower mixing channel versus that in the main channel will 

result in somewhat lower velocities.  The actual velocities in the channel, due to its uniform 

cross-section, will likely be higher, which will increase the flow and mixing compared to the 

calculated values. 

 A trapezoidal channel with three horizontal to one vertical side slopes (3H:IV) and a bottom 

elevation 1.0 m below the lowest recorded water level was utilized.  In Jacques Whitford’s 

October 4, 2007 report entitled “Site Characterization – Proposed Saltwater Dilution Pond 

Site, Stewiacke, N.S.” it is noted that “…based on preliminary assessments, the berm slopes 

would need to be constructed at a minimum of 3 horizontal to 1 vertical incline to maintain 

stability…”.

 The velocity range in the river, as measured by Martec, is about -3.0 m/s (tidal bore 

travelling upstream) to about 2.0 m/s (river flow and ebb tide travelling downstream), which 

is equal to an estimated velocity of -2.0 m/s and 1.3 m/s, respectively, in the mixing channel.  

At non-tidal flow periods, the velocity in the mixing channel will be in the order of 0.3 m/s to 

0.4 m/s. 
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 The resultant peak flow in the mixing channel, for a 6 m-wide channel bottom, will be about 

150 m³/s for the upstream travelling tidal bore and about 50 m³/s for the river flow and 

ebb tide travelling downstream.  The average “fresh” river flow is about 65 m³/s.  The outfall 

flow will therefore be 0.01% to 0.15% of the river flow, respectively.  A graphic comparison 

of the magnitude of flow in the mixing channel to that in the river and from the salt caverns is 

presented on Figure 2. 

2.5 Armouring 

The variable and relatively high velocities in the channel will require armouring or protection of 

the channel’s cross-section.  The impact of tidal-induced river ice movement and spring breakup 

ice floes are also factors in the design of the armouring. 

Armouring the entire channel will ensure non-erodibility of the mixing channel and uniform 

velocities which will reduce the potential for the deposition of suspended sediments in the 

channel.  The armouring details (size and thickness of the armouring, need for and type of filter 

layer, etc.) for the channel and the water intake and brine outlet facilities will be developed in the 

detailed design phase. 

2.6 Channel Depth 

The water quality modelling (Section 3.2) was undertaken for a mixing channel bottom elevation 

set below the low river water level at Elevation 2.0.  For the final design phase, this elevation 

could be lowered somewhat depending on final river surveys in the river at the inlet and outlet of 

the mixing channel.  Lowering will increase flow and thus the mixing that will occur in the 

channel.  However, excessive levering is expected to have little water quality benefit as it would 

probably result in a higher potential for sediment deposition in the over-excavated channel. 

2.7 Layout of the Channel 

Figure 3 is the preliminary layout of the mixing channel superimposed on a 2007 survey of the 

river’s edge, dykes and adjoining agricultural land.  The alignment: 
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 Provides for smooth transitions from the river into and out of the channel, essential to 

maximize the flow into the mixing channel, and to minimize the potential for sediment 

deposition at the inlet or outlet. 

 Minimizes, as much as possible, the disturbance to the existing flood protection dyke during 

the construction phase of the dyke – a new continuous dyke will be constructed landward of 

the channel; thus, the remaining portion of the existing dyke will no longer be needed to 

provide primary flood protection. 

3.0 MIXING CHANNEL PERFORMANCE 

3.1 Criteria 

The modelling of the cavern outflow into the mixing channel was based on the following: 

 Martec’s May 2007 field data. 

 A 6 m-wide channel bottom, which, from a sensitivity analysis by Matrix, was determined to 

be the optimum width considering the mixing of the outflow from the caverns with the flow in 

the mixing channel. 

 A daily salt cavern outflow volume of 9,000 m³ at a salinity of 260 parts per thousand (ppt).  

This is the maximum design outflow volume and salinity concentration.  (SolTech’s write up 

discusses the variability in discharge and salinity versus the life of the project). 

 The outfall design as discussed in Section 3.3. 
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3.2 Modelling Results – Using Maximum Outflow/Discharge Rates 

The brine discharge scenarios modelled were as follows: 

 Option 1 – Low River Flow1 – continuous and uniform brine discharge.  With a brine 

discharge volume of 9,000 m³/day, the brine discharge would be 0.104 m³/second. 

 Option 2 – Low River Flow – continuous and variable brine discharge to produce a uniform 

percentage increase in salinity compared to the natural salinity in the river.  The brine 

discharge rate would be lowest when the natural salinity in the river is low, and it would be 

highest when the natural salinity is high. 

 Option 3 – Low River Flow – a three-hour shutdown in the brine discharge when the natural 

salinity in the river is at its lowest, preceding the arrival of the tidal bore.  For the remainder 

of the tidal cycle, a variable brine discharge would be utilized. 

 Option 4 – High River Flow – continuous and uniform brine discharge at the same rate as for 

Option 1. 

The results of the four discharge scenarios are illustrated on Figure 5.  Comments on these 

scenarios are: 

 The magnitude of “fresh” river flow from upstream is the determining factor in establishing 

the natural salinity levels in the Shubenacadie River at this location.  At low fresh river flows, 

the tidal influence is strongest, and thus the salinity levels in the river at the Alton project are 

the highest.  Conversely, at high fresh river flows, the tidal influence is significantly 

dampened by the river’s flow and consequently the resultant natural salinity levels in the 

river are lower. 

 The operation and storage characteristics associated with the brine facility permits a 

variable discharge rate into the mixing channel.  A variable discharge rate, established in 

accordance with the natural salinity concentrations in the mixing channel or in accordance 

                                                
*

1
 With a low to moderate river flow, the salinity of the river at the project is the highest.  With a high river flow, the 

salinity concentrations at the project’s location are the lowest. 
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with the tidal clock, can be achieved in a computerized operation.  Thus, the release of flow 

from the salt caverns is flexible. 

 In the four scenarios presented, the resultant salinity values in the mixing channel will be 

less than the maximum natural salinity concentrations in the river, plus about 10%. 

The salinity values for all options in the Shubenacadie River will be lower than those in the 

mixing channel. 

The modelling results discussed above are predicated on full mixing of the brine discharge into 

the mixing channel – the brine is denser than the river flow.  Thus, the design of the outfall must 

ensure full and total mixing in the mixing channel’s flow depth and width.  The proposed design 

of the outfall structure is shown on Figure 6 and discussed in Section 3.3. 

3.3 Outfall Design 

The conceptual design of the outfall is illustrated on Figure 6; it will consist of the following: 

 Twin perforated lines across the bottom width of the mixing channel. 

 Select cobbles/armouring placed around the lines to: 

– Protect the lines from ice floes. 

– Eliminate the direct discharge of the outflow into the water column.  With the rock 

covering the outflow will percolate into the flow in the mixing channel. 

– High pressure air lines attached to the perforated lines to enhance the mixing of the 

outflow into the full flow depth in the mixing channel.  The air lines, like the outflow line, 

would have numerous openings across the 6 m width of the mixing channel to ensure 

the brine discharge is uniformly distributed across the base width of the mixing channel. 

At low flow depths in the mixing channel, the influence of the air lines and the rock will almost 

immediately disperse the outflow from the 6 m long perforated outfall across the full width of the 

channel.  At higher flow depths, the influence of the rock on top of the lines combined with the 
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flow patterns in the channel are expected to deflect and disperse the outflow across the full 

width of the channel within 20-30 m of the outfall. 

3.4 Intake Design 

The conceptual design of the intake is illustrated on Figure 6; the details are as follows: 

 Its location will be on the outside, higher velocity, side of the mixing channel.  This location, 

its projection into the channel and the vertical gabion face on the inlet will: 

– Increase velocities along the vertical face of the structure, and hence will reduce the 

potential for fish eggs to be attracted into the intake works.  The intake velocity, 

generated by the flow percolating through the gabions, will be significantly less than in 

the channel along its face; therefore, it is considered unlikely that the eggs would move 

into the intake. 

– Reduce the potential for sediment deposition in the inlet. 

 Twin, screened 15 m-long intake lines surrounded by select 100 mm to 200 mm crushed or 

rounded rock.  The intake lines will feed into a 1.5 m diameter perforated corrugated wet 

well.  A single line will then run from the wet well to the pumphouse.  The ends of the intake 

lines will be setback from the face of the intake and will be closed off.  The attracting velocity 

into the intake will thus correspond to the velocities through the gabion cobbles and the 

cobbles around the intake lines, as discussed in the paragraph below. 

 The velocity into the intake, via the cobbles in the gabions and surrounding the intake lines, 

will range from 0.02 m/s (4 m depth of flow and 10% void ratio in the cobbles) to 0.07 m/s 

(2 m depth of flow and 5% void ratio in the cobbles). 

The 1.5 m diameter perforated wet well will serve multiple purposes, namely to: 

 Provide, in addition to the twin intake lines, an additional means of delivering water through 

the select rock to the pumphouse. 
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 Enable, by comparing water levels in the well to those in the mixing channel, a 

determination of the hydraulic effectiveness of the intake.  If the levels are nearly the same, 

it would be an indication of little or no “clogging” of the 100 mm to 200 mm rock in the 

gabions and above the intake lines. 

 Allow backflushing of the intake if clogging of the select rock has occurred.  At low water 

levels in the mixing channel, the wet well could be filled or surcharged via temporary 

pumping of river flow to flush out any fine sediment deposition that may have occurred in the 

intake system. 

 Enable cleanout of sediments, if necessary, prior to their entry to the pumphouse. 

 Enable a visual inspection to determine whether any fish eggs have entered into the intake 

system. 

4.0 “WHAT IF” OPERATIONAL SCENARIOS 

Recognizing the uniqueness of this project, the nature of the Shubenacadie River and the 

importance of its aquatic resources, an assessment of “what if” scenarios and their potential 

associated operational or maintenance responses is provided in Table 1. 

With adequate monitoring, particularly in the early years of the project, operational adjustments 

as needed with respect to the timing of release from the brine facilities and maintenance of the 

mixing channel and its associated facilities if necessary, it is believed that the proposed facilities 

on the Shubenacadie River will be able to fully operate within the parameters as determined 

herein.

The detailed design phase following project approval will refine the design of the works.  As in 

the environmental application phase, the detailed design will be done in a multi-disciplinary 

manner to ensure all environmental, technical and operational issues are fully considered and 

addressed.
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1.0 Introduction 

This report is in response to the biological questions raised during the public and regulatory 
review of the Environmental Registration for the Proposed Alton Natural Gas Storage 
Project, Jacques Whitford, June 2007. The project design details can be found in the 
environmental registration and the report prepared by Martix Solutions Inc “Alton Natural 
Gas Storage Water Intake and Discharge Facilities” Shubenacadie River, Nova Scotia 

The design of the mixing channel, water intake, and outfall has been better defined, than 
in the original submission, to allow a more detailed discussion of the environmental 
effects and to better address concerns raised by the public and regulatory agencies. The 
current design and the operational questions are answered in reports from Matrix 
Solutions and SolTech. Based on the information provided in these documents, a review 
has been conducted of how the fish species present at the site, including their various life 
stages, might be affected by the development.  

Since this is a unique project in terms of the design of a mixing channel in a tidal area, 
the associated intake and outfall, and the species involved, there are several monitoring 
studies that will need to be done to ensure the predictions presented in this design phase 
are actually functioning as planned. Based on the results of this monitoring, adjustments 
will be made to the design or operations to protect the environment and fish populations. 

Table 1 is a listing of the major species expected at the site and the anticipated affect of 
the operations on them. These have been grouped and summarized below.

2.0 Areas of potential impact 

2.1 The Minas Basin  

A concern has been raised that the introduction of additional sea salt from the cavern 
development will raise the salinity of the Basin.  

There is evidence that the Minas Basin is a marine retention area, but marine retention areas 
are very leaky and only retain sediment, floating plants and animals, and dissolved chemicals 
that are taken up and cycled through the biota. For dissolved chemicals like salt that are not 
built up in the biota, the levels in the Bay can be compared to a sink with a small drain. When 
you turn the water on full, the sink retains some level of water until you turn the taps off. 
There is always a constant flow in and out, so retention can be calculated based on inflows 
and flushing time. If we look at the amount of salt being put into the Bay by the maximum 
operation level of this project (see Addendum of this report), we find that at the:  

Mixing channel outlet site: 

Ebb flow estimated to be 4,042,000 m
3

of water.  

Discharge 4,500 m
3

of brine.  
Ratio 898 to 1.
Estimated, increase salinity of approximately 0.278 ppt.  
From 10 ppt, the typical ambient natural salinity to 10.278 ppt 
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Maitland mouth of the Shubenacadie River 

Estimated flow to be 54,239,000 m
3

.

Discharge 4,500 m
3

of brine.  
Ratio 12,053 to 1.
Estimated effect on total salinity at Maitland, is approximately 0.0207 ppt.  
Raising the salinity from 10 ppt, the typical ambient natural salinity, to 10.0207 ppt 

Cobequid Bay 
On a per tide cycle basis, using only the flushing volume of water out of Cobequid Bay, 

2,446,070,000 m
3

.

Discharge 4,500 m
3

of brine.  
Ratio 543,571 to 1.
Estimated effect on total salinity in Cobequid Bay, approximately 0.00043 ppt.  
Raising the salinity from 28 ppt, the typical ambient natural salinity, to 28.00043 ppt 

Minas Basin 
On a per tide cycle basis, using only the flushing volume of water out of the Minas Basin, 

17,710,760,000 m
3

of ocean water.  

Discharge 4,500 m
3

of brine.  
Ratio 3,935,724 to 1.
Estimated affect Minas Basin, is approximately 0.000059 ppt.  
Raising the salinity from 28 ppt, the typical ambient natural salinity to 28.000059 ppt 

Bay of Fundy 

On a per tide cycle basis, flushing volume of water 111,111,000,000 m
3

of ocean water.

Discharge 4,500 m
3

of bring.  
Ratio 24,691,333 to 1.
Estimated increase in salinity of approximately 0.00000932 ppt.  
Raising the salinity from 30 ppt, the typical ambient natural salinity to 30.00000932 ppt. 

These increases are not biologically significant and insignificant in terms of the natural 
fluctuation of salinity, that the biological community is subject to on each turn of every 
tidal cycle.

There was also a concern expressed about retention in an erosion area adjacent to the 
original outfall site. The location of the mixing channel with respect to this retention 
erosion area is not clear.  However, the water that might enter the area from the mixing 
channel has a salinity that is equal to or less than 10% above background and not above 
25.25 ppt. This is well within the tolerance limits of eggs and larvae held in the area or 
any migratory fish passing through. Since the salt is not left in this retention area and the 
water moves out as fast as it moves in there is no chance of a build-up in salinity. 
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2.2 The Shubenacadie River  

The question of raised salinity levels in the river has been addressed above. The water 
withdrawal is proportionally very small and is replaced within the mixing channel so 
there is no impact. Flow patterns in the river will not be significantly affected by taking 
the flow from the outside of the river meander in a flow through side channel. This will 
not negatively impact on migration routes. The impact on the river is insignificant. 

3.0 The Mixing Channel   

3.1 Intake  

3.1.1 Eggs and larvae 

There is a risk of entrainment of eggs and larval fish in the intake because they drift with 
the currents and have little or no swimming ability or known behavioural response to 
avoid the intake. There are several species involved with pelagic eggs and larvae that 
could come into the mixing channel. A listing of those considered can be found in Table 
1 and include Striped bass, Tom cod, and Smooth flounder. Some of these eggs and 
larvae come from the marine, some from brackish water and others from freshwater.  

Some eggs are buoyant some are semi-buoyant and others stay close to the bottom. What 
they have in common is that they are moved by water currents and stay suspended by the 
turbulence. Water velocities in excess of 30cm/sec (Bain, M. B. and Bain J. L., 1982) are 
required to keep the eggs suspended and prevent them from settling out and being buried 
in silt. The mixing channel is designed to have velocities above this level, and the intake 
wall extends to the channel to further increase the velocity passing the intake face. Intake 
withdrawal is at right angles to the flow and at a much lower velocity than in the mixing 
channel which will minimize the potential for eggs being entrained.  

The larvae move with the current also, but do have the ability to move up and down in 
the water column following food and light levels. Their entrainment will be the same as 
for the eggs, but the turbidity in the water column may cause them to concentrate near the 
water surface.   

Out of 100 drifting eggs and larvae, based on water flow, 86 will pass in the river, and 14 
will enter the mixing channel and potentially 0.01 to 0.15 will enter the intake. The faster 
flow and turbulence pattern at right angles to the intake will reduce the potential 
entrainment of eggs and larvae to near zero.   

To monitor the number of eggs drawn into the intake:  

Vertical plankton tows will be taken in front of the wet well intake to establish 
presence of eggs and larvae under the influence of this flow; 

Plankton samples will be taken from the flow entering the riprap face to estimate 
the numbers entering the rock structure; and  
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Vertical tows will be taken in the wet well to determine if any eggs and larvae 
have come through to the pump intakes. 

If eggs and larvae are being drawn in, modifications can be made to the intake or 
withdrawal rates can be lowered.  Withdrawal rates may need to be lowered during 
various stages of the tide, or perhaps stopped when eggs and larvae are present. This will 
be determined by monitoring of the effects and the appropriate changes made. 

The risk to the populations from the withdrawal is insignificant.

3.1.2 Migratory Fish 

Migratory fish, juveniles and adults who may come into the mixing channel are large 
enough and have sufficient swimming ability to avoid entrainment in the intakes. The 
velocities at the riprap face are well within the freshwater screening guidelines for 
intakes, and the graduated rock size allows the smaller fish to take shelter behind the first 
layers of larger rock and to return to the mixing channel on the turn of the tide. This 
avoids the potential loss of small fish seen on many intake screens when they get held 
sideways against the small mesh.  

Migratory fish will ride in on the tide and then swim against the currents on the falling 
tide, following the thalweg in the river. It is difficult to estimate what percentage of these 
fish will enter the mixing channel. Based on flows, of 100 fish moving in the river, 86 
can be expected to pass by in the River, 14 to go through the mixing channel with 0.01 to 
0.15 coming under the influence of the intake channel. What percentage this is of the 
total migratory populations is unknown for this site because of the location many of the 
fish may be actively swimming upstream on the falling tide.

For those fish that do not pass the site on the tide and move up river following the 
thalweg, 50% will be moving along the mixing channel side of the thalweg. Velocities in 
the channel at low flow are expected to be 30 to 40 cm/sec, velocities that are in the 
optimum range for migration of anadromous fish. It is expected that as many as half of 
these fish, 25% of those moving in on the falling tide could pass through the mixing 
channel. Of these 5% to 10% would come under the influence of the intake water, which 
they are capable of swimming against and will avoid due to the physical obstruction of 
the wall face and the loss of suitably attractive migration velocities.  

3.1.3 Monitoring 

We will monitor fish and currents at the intake: 

Plankton net vertical tows at the face of the intake to estimate the numbers of eggs 
and larvae that come under the influence of the intake flows (April through 
August).

Plankton nets set into the riprap to estimate the impingement of eggs and larvae in 
the intake. 
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Plankton net vertical tows in the wet well to estimate how many eggs and larvae 
come under the influence of the pump intakes.  

Actual measurements of the currents in the mixing channel passing across the face 
of the intake as well as the currents flowing into the structure during a tidal cycle. 
This will be done once the system is built and pumping.  

Impingement of adult and juvenile fish on the riprap – regular observations. 

3.2 Outfall  

3.2.1 Nearfield Salinities 

The outfall is set into the bottom of the mixing channel and discharges through two 60 
cm pipes 6 m long. With an average discharge rate of 0.1 m3/sec; the mean velocity 
seeping out of the pipes will be 0.008 m/sec. This flow will be introduced into a berm of 
rock that covers the pipes and the tidal flow velocities through the berm of will be at least 
0.30 m/sec with an open area of approximately 1.5 m2 for a flow of 0.45 m3 /sec or a 56 
times dilution coming out of the rock berm. With a maximum salinity of 25ppt coming 
into the mixing channel; the outflow will have a maximum salinity of 29 ppt to 30 ppt as 
it comes out of the rock berm. The added turbulence of the flow over the berm will 
further dilute the out flow. This would be the worse case scenario of high output and high 
river salinity. Operationally it will always be lower.  However these salinities are still 
with in the full sea salt level of 33 ppt and the tolerance range for most of the life in the 
channel. The higher salinity water will stay close to the bottom due to its high density, so 
it will only be in contact with biota in the bottom 0.5 m of the channel and on the down 
streamside of the outfall berm. If needed there is the built-in option of using air to 
enhance the mixing in the berm and to help flush out sediment.  

3.2.2 Eggs and larvae 

As above, only 14 out of 100 eggs and larvae are expected to enter the channel.  The 
majority of these will be carried well up in the water column and pushed up and over the 
outlet berm. In high tide conditions virtually all the eggs and larvae would be passing in 
fully mixed water well with in tolerance levels. During low tide, half the flow through the 
channel will go through the rock berm and half the eggs and larvae with it. To mitigate 
this, brine discharge options 2 or 3 (refer to Section 2.1 in Appendix B, Water Intake and 
Discharge Facilities) will be used, shutting down the brine during low tide. 

This means that virtually all the eggs and larvae entering the mixing channel will only 
contact salinities less than 10% higher than they would have in the river and normally 
less than 25 ppt, well within natural variation and their tolerance limits. 

There is no significant impact on the pelagic eggs and larvae.

3.2.3 Migratory fish  

The proportions of migratory fish entering the mixing channel have been described 
above. The behavior of migrating anadromous fish is to swim at or just below the Secchi 
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disc depth. In this turbid water this depth is very close to the surface. The salinity levels 
at this depth during most tidal stages are very close to background. There will be no pools 
in the mixing channel for them to rest or hold in so they will move through quickly. 
Migratory fish are salt tolerant to full salt and there is nowhere in the channel they can 
exceed that level unless they enter the rock berm over the outfall. Since this is not an area 
they would frequent and they are able to sense and select salinities, effects on these fish is 
insignificant.

Bottom dwelling fish like smooth skate that might come into the mixing channel on 
feeding migrations are full salt tolerant and would swim up and over the 7.5cm rocks in 
the berm so will not contact the high salinities. Effects on these fish are insignificant. 

3.2.4 Monitoring 

We will need to monitor the outfall conditions: 

Actual salinity levels in 3D over a tidal cycle  

Plankton net vertical tows on either side of the outfall to look at egg and larvae 
numbers present and survival rates. 

Observations of the fish behaviour and any change in behaviour or mortality due 
to exposure to changes in salinity or high salinities

3.2.5 Temperature Changes 

There will be very little if any temperature difference between the mixing channel water 
and the outfall and the mixing rate will take care of this very quickly (refer to Appendix 
H, Alton Heat Transfer Study). The concern was based on the perception we would be 
heating the water to get the salt to dissolve but this is not the case. In the monitoring of 
the operation of the outfall, we will get temperature and salinity data to confirm this. 
There is no significant impact of temperature. 
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Monitoring

1. Monitor the water velocities at the intake both in and out to confirm design. Will need 
to monitor for fish impingement 

2. Egg and larvae monitoring in front of the intake, entering the intake, and in the wet 
well at the pump intake.  

3. Egg and larvae sampling for presence and to see if the salinity from the outfall is 
having a negative effect.

4. Fish behaviour will have to be monitored in the mixing channel to ensure they do not 
encounter high salinities that affect their survival. Operational changes can be made to 
lower brining rates, improve mixing, lower or stop brining during low tide when fish 
would be closer to the outfall. Fish should avoid unfavourable salinities and time 
exposure will very short as the water mixes 

Mitigation

A. There are two options (2 and 3), presented in the Matrix report for the operation of the 
brine outfall, that include the shut down of the operation during low tide. If monitoring 
demonstrates the need one of these options will be used for the Brine outfall to prevent 
fish from contacting high salinities.   

B, If monitoring demonstrates the need changes will be made to the intake design or 
operation including shut down or modification of pumping rates and tidal cycle timing 
when eggs and larvae are present as needed to prevent entrainment or impingement in 
significant numbers. 



Addendum

Alton Project Cumulative Effect on the Bay of Fundy Prepared by Alton Gas

Conceptual Explanation of Brine Flushing into the Bay of Fundy

In order to conceptually explain the effect of the Alton Project on the Bay of Fundy, the 
amount of brackish water at the intake site and the amount of brine at the discharge site is 
being compared to several significant inlets that make up the Bay of Fundy as well as the 
Bay of Fundy itself.

The methodology for this process was to take tidal flow data collected by Martec, an 
engineering firm located in Halifax, and data that is readily available from the 

Department of Fisheries and Oceans and compare it to the 4,500 m
3

of brine with the 
salinity level of 260 ppt being discharged into the Shubenacadie Estuary. The estimated 
increase in salinity was calculated using a formula which would use the salinity levels 
that occur in the different estuaries and inlets at any given time which would then 
mix/dilute the discharged brine.  

Specifically, the Bay of Fundy fills and empties 111,111,000,000 m3 of ocean water 

per tidal cycle. This volume of water carries with it 3,500,000,000 tonnes of salt. 

Shubenacadie River 

At a maximum brining rate, the Alton Project will inject 5,000 m
3

of brackish water each 
tidal cycle, into the salt formation to create caverns at the Alton Project storage site, 
located 12 km from the Alton Project intake and discharge site. At this brining rate, the 
discharge rate into a pre-mixing pond at the Alton Project discharge site would be 4,500 

m
3

of brine with a salinity of 260 ppt. The salinity of the brine discharged into the estuary 
shall then mimic or mirror to the fullest extent practical, the natural salinity in the river 
and shall not exceed, in normal operations, 25 ppt, the typical maximum natural salinity. 
When the natural salinity in the estuary is 25 ppt or higher, the design objective shall be 
background plus 10% at a point 10 m from the outlet of the brine discharge into the 
estuary.

At the Alton Project intake and discharge site, the tide ebb flow for the Shubenacadie 

River was estimated to be 4,042,000 m
3

of water on November 6, 2006 (Martec, Halifax, 
NS). Based on the estimated tidal water volumes above, the Alton Project discharge site 

will discharge 4,500 m
3

of brine indirectly into 4,042,000 m
3

of brackish water which is a 
898 to 1 mixing ratio. Estimated effect on total salinity at the Alton Project discharge site, 
assuming total mixing with the tidal flow, is an increase in salinity of approximately 
0.278 ppt (Table 1).  



Maitland 

The tide ebb flow at Maitland, situated at the mouth of the Shubenacadie River (Figure 

2), was estimated to be 54,239,000 m
3

on Dec 7, 2006 (Martec, Halifax, NS). On a per 

tide cycle basis, the Alton Project’s discharge of 4,500 m
3

of brine at the discharge site 

will combine with 54,239,000 m
3

of brackish water resulting in a 12,053 to 1 mixing 
ratio. Estimated effect on total salinity at Maitland, assuming total mixing with the tidal 
flow, is approximately 0.0207 ppt (Table 2).  

Figure 1: Photo of Shubenacadie Estuary up stream of Alton Intake at low tide.  

Cobequid Bay

Comparatively, the flow rate for Cobequid Bay (Figure 2) is 2,446,070,000 m3 of water 
(http://www.mar.dfo-mpo.gc.ca/science/ocean/ceice/ceice.html) with near ocean salinity 
levels. On a per tide cycle basis, using only the flushing volume of water out of Cobequid 

Bay, the Alton Project will discharge 4,500 m
3

of brine into 2,446,070,000 m
3

ocean 
water a mixing ratio of 543,571 to 1. Estimated effect on total salinity in Cobequid Bay, 
assuming total mixing with the tidal flow, is approximately 0.00043 ppt for one tidal 
cycle (Table 3). The total flushing time for Cobequid Bay is 7.2 hours 
(http://www.mar.dfo-mpo.gc.ca/science/ocean/ceice/ceice.html).



Figure 2: Maitland and Cobequid Bay – Google Earth.

Minas Basin

The Minas Basin (Figure 3) has a flow rate of 17,710,760,000 m
3

of water 
(http://www.mar.dfo-mpo.gc.ca/science/ocean/ceice/ceice.html) with near ocean salinity 
levels. On a per tide cycle basis, using only the flushing volume of water out of the Minas 

Basin, the Alton Project will discharge 4,500 m
3

of brine into 17,710,760,000 m
3

of ocean 
water resulting in a 3,935,724 to 1 mixing ratio. Estimated effect on total salinity in 
Minas Basin, assuming total mixing with the tide flow, is approximately 0.000059 ppt 
(Table 4) for one tidal cycle.  

The Minas Basin Flushing time is 32.2 hours. (http://www.mar.dfo-
mpo.gc.ca/science/ocean/ceice/ceice.html)

Figure 3: Minas Basin and Bay of Fundy (1998 World-View Digital 

Imagery Ltd.)



Cumulative effect on the Bay of Fundy

In order to calculate the cumulative effect on the Bay of Fundy, we have assumed that 
this body of water has had no interaction or mixing with other bodies of water and have 
used the volume of ocean water which empties out of the Bay of Fundy during one tidal 

cycle, 111,111,000,000 m
3

, with a salinity of 30 ppt.

Twice everyday the Bay of Fundy (Figure 3) fills and empties 111,111,000,000 m
3

of
ocean water. On a per tide cycle basis, in using only the flushing volume of water out of 

the Bay of Fundy, the Alton Project will discharge 4,500 m
3

of brine into 

111,111,000,000 m
3

of ocean water. This is a 24,691,333 to 1 mixing ratio or an 
estimated increase in salinity of 0.00000932 ppt (Table 5) for one tidal cycle.

Using the above methodology, if the Alton Project discharges brine into this above 

constant body of ocean water for 50 years at a rate of 9,000 m
3

per day (4,500 m
3

x 2 
times per day) with a salinity of 260 ppt, 365 days a year, the estimated net increase in 
the salinity of the above volume of water would be 0.34 ppt, an increase from 30 ppt to 
30.34 ppt. Assuming the same methodology the annual net increase would be 0.00679 ppt 
per year (Table 6).

Given the above flow volumes out of the Bay of Fundy, and the impact on salinities in a 
constant volume of water with no interaction with a larger body of water, it is clear there 
will be no long-term cumulative effect of the Alton Project on salinity levels in the 
Shubenacadie River, Cobequid Bay or Minas Basin or Bay of Fundy.  

Summary of Salinity Effects  

Intake and discharge site 

Ebb flow estimated to be 4,042,000 m
3

of water.  

Discharge 4,500 m
3

of brine.  
Ratio 898 to 1.
Estimated, increase salinity of approximately 0.278 ppt.  

Maitland mouth of the Shubenacadie River 

Estimated flow to be 54,239,000 m
3

.

Discharge 4,500 m
3

of brine.  
Ratio 12,053 to 1.
Estimated effect on total salinity at Maitland, is approximately 0.0207 ppt.  



Cobequid Bay 
On a per tide cycle basis, using only the flushing volume of water out of Cobequid Bay, 

2,446,070,000 m
3

.

Discharge 4,500 m
3

of brine.  
Ratio 543,571 to 1.
Estimated effect on total salinity in Cobequid Bay, approximately 0.00043 ppt.  

Minas Basin 
On a per tide cycle basis, using only the flushing volume of water out of the Minas Basin, 

17,710,760,000 m
3

of ocean water.  

Discharge 4,500 m
3

of brine.  
Ratio 3,935,724 to 1.
Estimated affect Minas Basin, is approximately 0.000059 ppt.  

Bay of Fundy 

On a per tide cycle basis, flushing volume of water 111,111,000,000 m
3

of ocean water.

Discharge 4,500 m
3

of bring.  
Ratio 24,691,333 to 1.
Estimated increase in salinity of approximately 0.00000932 ppt.  
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Adaptive Management  

The reports prepared for the Environmental Assessment (EA) and the Supplemental Information 
have been prepared using the maximum loading of salt, sediment and the maximum brine flow rate 
for the full duration of the cavern solution mining process.   Due to the cavern development 
method, the initial flow rate of leach water, and therefore saturated brine, is substantially less than 
design rates and follows a slow progression.  For this reason, an adaptive management approach 
will be used to mitigate any issues that may arise during cavern development.    
 
The initial flow rate for each cavern will be less than half the design rate and will not reach the full 
design rate for approximately 16 weeks.  When the first cavern well is drilled and available for 
solution mining, the water system will be commissioned and the mining process commenced.  
Drilling and completion of the second cavern well will follow, as will the third and fourth well in 
succession.  Drilling, completion and connection construction timing will require a delay of about 6 
weeks for each successive cavern to commence solution mining.  As a result of this delay, the brine 
return pipeline will not reach maximum design flow rates until approximately 34 weeks after initial 
commencement of leaching operations. 
 
When solution mining commences, the cavern volume is very small and the residence time of the 
leach water in the cavern is very short.  Consequently, it does not dissolve enough salt to reach 
saturation, and the return brine contains much less than saturation volumes of salt.  On each 
cavern, the return brine approaches saturation after approximately 45 weeks of solution mining.   
The return brine stream is a mixture of the brine from each cavern and therefore will not reach 
near saturation levels of salt content until the last cavern also reaches near saturation levels.   
 
The first cavern should be fully developed in 96 weeks.  At that time, solution mining will be 
discontinued, and the cavern converted for gas storage operation.  De-watering of the cavern will 
take five weeks, and then that cavern will not contribute brine to the brine return system.  The flow 
of brine will be reduced from that time on, until all four caverns are de-watered. 
 
The result of the above is that the salt delivered to the Shubenacadie estuary will increase over most 
of the project, and the maximum brine rate and salt load in the brine return will not be reached 
until the end of solution mining operations.  At approximately week 96, the brine flow will begin to 
decline until week 120, when all 4 caverns are placed in gas storage service.  Figure 1 illustrates this 
scenario assuming the development of 4 caverns each with the capacity of holding 1 billion cubic 
feet (Bcf) of natural gas. 
 
This development of brine salinity and release rate will allow for the adaptive management of the 
effects on the biology of the Shubenacadie estuary.  Monitoring of the area will identify any adverse 
conditions that are beginning to develop and will allow for modifications in the operations to 
mitigate these conditions.  These modifications may include modifying the release of brine, 
optimizing the use of the retention pond for storage and making adjustments to the intake and 
outlet areas.   Regular maintenance could also be scheduled during sensitive times such as the bass 
spawning period. 
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Figure 1 - Brine Flow and Concentration
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APPENDIX E 

Upset Conditions and Emergency Shutdowns 
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h
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Management of Sediment

The sediment from the Shubenacadie River estuary has been addressed in the design and
operational plans of the Alton project incorporating features to address biological concerns such as
the protection fish and fish habitat.

The primary mechanism planned for managing sediment and silt at the intake site and mixing
channel is through utilizing the hydrodynamics of the estuary flows to reduce deposition of the
highly mobile sediment in the channel. An extensive study was undertaken to select an intake site
that is on the outside of a gentle river curve, where no silt/sand bars have appeared in aerial
photographs from the past 30 years, and where the normal propensity is for erosion rather than
deposition. The site is stable because erosion has been blocked by the riprap armour on the
riverbank and dyke.

During flood tide, the sediment load in the river increases considerably. Even so, samples have
shown that at this time, the solids content is less than 1%, which is not enough to appreciably
affect the intake pumps. However, the increased sediment will increase the solids flowing to the
cyclone separators. The cyclone separators are designed to handle considerably higher sediment
loads still. The net result of increased sediment load in the intake is that there will be a slightly
higher power requirement and therefore a slightly higher operating cost for these pumps; this is an
operational issue.

The cyclone separators are designed to remove over 95% of all sediment greater than 20 microns
in size. Smaller sediment particles will pass through most downstream equipment. All equipment
such as tanks where sedimentation could occur will be provided with “stinger” cleanout
connections to allow for lifting and removing sediment, although residence times for settlement are
short, precluding the build-up of large amounts in a short time. Any silt that does enter the caverns
will settle out due to the long settlement times and very low internal velocity in the cavern. Return
brine from the caverns will therefore be very clean and free of sediment. The amount of sediment
that remains in the cavern will add approximately 150 to 200 mm of insolubles in the bottom of the
cavern and will not cause any operational issues.

The mixing channel will incorporate features to reduce sedimentation of the mobile silt that enters
this area. There may be a need to occasionally remove silt from the mixing channel and intake
area. This may be done by a simplified hydraulic dredging system using a stream of river water to
lift and mobilize the sediments during times of higher flow in the channel, allowing the current to
move it as it typically does naturally.
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ALTON HEAT TRANSFER STUDY 
 

This report covers the results of a study to determine the likely temperature of brine returning to 

the Shubenacadie River estuary from the cavern site. An environmental concern was raised that 

the temperature of the brine that is rejected into the mixing pond could be considerably warmer 

than the river water. It is ecologically undesirable to reject the water at a temperature that is 

warmer than the temperature in the estuary because the warmer water may attract fish to an area 

of relatively high concentration brine, resulting in the possible death of the fish.  In response to 

this concern, SolTech Engineering Inc. (SolTech) performed a study to determine the brine 

discharge temperature into the estuary. 

 

The Alton Natural Gas Storage project (Alton project) in Nova Scotia involves creating 

underground storage salt caverns by solution mining. In order to create such a cavern by leaching 

it is necessary to drill and to case a borehole down to the depth of the salt formation. Water from 

the Schubenacadie estuary is then injected through the borehole, rock salt is dissolved and a 

brine-filled cavity is created at the lower end of the borehole. The brine produced is, in turn, 

returned to the surface by another string, concentrically installed within the well.  

 

Water from the Schubenacadie estuary is transported to the wellsite through 11 km of pipeline 

that is buried 1.8 m below the surface. On reaching the wellsite it is injected through the borehole, 

initially, to a depth of approximately 950 m below the surface. The brine produced returns to the 

surface, where it is pipelined to the brine retention pond via 11 km of pipe buried alongside the 

intake pipeline. From the brine retention pond it is mixed in a specially constructed channel with 

freshwater from the estuary to lower its salinity, and is then rejected into the estuary.  

 

For the purpose of the study, the situation was divided into three segments – 

• Water intake; water is taken from the estuary and pipelined to the wellsite.  

• Water injection/brine withdrawal; water is injected continuously into the borehole while 

simultaneously withdrawing the brine.  

•  Brine discharge; return brine from the borehole is pipelined to the mixing pond.  

 

The calculations were performed for “worst case” temperature conditions of the intake water and 

ground as follows: 
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• Water Temperature in the Schubenacadie estuary during the summer =22 0C. 

• Water Temperature in the Schubenacadie estuary during the winter =4 0C. 

• Ground Temperature at 1.8 m from the surface =14 0C in summer; 5 0C in winter 

• Ground Temperature at 950 m from the surface (as measured during the logging of drill 

hole ALT 06-01) = 23 0C. 

 

Water from the estuary is withdrawn at the maximum projected rate of 10,000 m3/day. At the 

intake segment, calculations were performed to determine the heat transfer between the water 

flowing through the line and the surrounding ground. Owing to the high velocities of flow in the 

line it was found that there is almost no heat transferred. The water essentially reaches the 

wellsite at the same temperature it was at when taken from the river. The same result is valid at 

the brine discharge segment as well, again, due to the high velocity.  

 

The bulk of the heat transfer to occurs on the way down the borehole, where the injection water 

and discharge brine flow within concentric tubes which act as a counter current heat exchanger. 

Based on the worst case scenario that leach water resides in the bottom of the borehole for a 60 

day period during which it picks up most of the heat from the surrounding salt and reaches a 

temperature of 23 0C, the following results have been obtained: 

 

 Summer Winter 

Leach Water Temperature (0C) 22.0 4.0 

Discharge Brine Temperature 

(0C) 

22.6 4.6 

 

It was demonstrated that in the concentric wellbore tubes the discharge brine loses almost all of 

the heat gained at the base of the borehole to the water injected and the return brine temperature 

is the same within measurable tolerances, as the inlet water temperature. 

 

Another source for temperature gain is the energy added while pumping the water/brine. 

However, the pump power is low compared with the volume and heat capacity of the water, so the 

final effect on the temperature is minimal. The results above reflect this increase. 
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The brine is discharged over a six metre width in the Mixing Channel, into a continuous flow of 

river water where it mixes quickly.  Therefore, it was established in this study that the 

temperature of the brine discharged will not be measurably higher than the inlet and will not 

cause harm to the aquatic life in the Schubenacadie estuary.  
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Oxygen    
 
Water will be drawn from the Shubenacadie River estuary to provide water for brining caverns. The 
water from this river system is saturated with air due to the turbulence in the river.  A vacuum 
deaerator located at the estuary site will be used as an effective and environmentally way to remove 
the oxygen before it enters the water pipeline system to the cavern.   This removal of Oxygen is 
required to control corrosion on both the up and downstream equipment and piping.     
 
As a result of using the vacuum deaerator, the return brine will also be devoid of dissolved oxygen 
which is needed in order to mimic the oxygen levels in the estuary.   Alton’s facilities will be 
designed to add air to the brine flow as it leaves the Retention Pond and flows to the Mixing 
Channel.  This will be done by a control valve and flow rate meter in the piping between the Brine 
Retention Pond and the Mixing Channel that will allow for a controlled volume of air injection to 
this stream.  Excess Oxygen will bubble from the brine distribution piping in the Mixing Channel, 
adding to turbulence in this area, with the benefit of producing additional mixing of the brine. The 
final brine stream entering the mixing channel will be near saturation levels for oxygen, mimicking 
the air saturation of the river. 
 
Nitrogen 
 
A control fluid is required in the formation of a salt cavern to control the development and ensure 
that the cavern is of ultimate shape and structurally sound.  The use of nitrogen for this purpose is 
recommended, as it is inert and does not constitute an environmental concern if any were to leak.  
The nitrogen is compressed into the cavern where it stays between the cavern roof and the surface 
of the brine.  
 
A small amount of nitrogen may be included in the returning brine therefore a nitrogen separator 
will be installed on the brine return lines for each of the caverns.  These separators will allow the 
total amount of returning brine and nitrogen to be measured, which is critical for the proper 
monitoring and control of the cavern development as mentioned. The majority of the nitrogen 
which returns to the surface is removed by the nitrogen separator however any remaining amount 
will be carried with the brine to the retention pond where additional dissipation of the nitrogen will 
take place before the brine is mixed in the mixing channel.   
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July 26, 2007 

 
Roger Hunka 

Director of Aboriginal Intergovernmental Affairs 

Maritime Aboriginal Peoples Council 
Box 8, 172 Truro Heights Road 

RR#1 Truro, Nova Scotia 
B2N 5A9 

 

 
Dear Mr. Hunka, 

 
Thank you for meeting with us yesterday, July 25, 2007. We will continue to work with you and 

the community on all aspects of the project. We are committed to addressing your concerns on 
the environmental impact and native access to lands and waters immediately surrounding the 

proposed project. 

 
Over the past 18 months, we’ve met with many individuals and organizations in the community 

as part of our commitment to community consultation; we have held many small meetings; 
advertised the project and hosted a community open house last fall. We’ve benefited from all of 

the input received so far. This input has helped inform our application for regulatory approval, 

including from discussions with the NS Salmon Association and the Mi’kmaq Ecological Knowledge 
Study. 

 
We fully intend to continue to meet with you, and your team to keep you abreast of the project. 

The following are some of the answers to your questions: 

 

1. Whether the geology of the land would support the pumping process? 

Extensive geotechnical studies (seismic, drilling) were conducted in the early planning 

stages to determine that this project was feasible and the geology could not only support 

underground storage caverns, but also the pumping of water into and out of the caverns. 

2. A fuller understanding of the long term environmental footprint and effects 

Any residual environmental effects from the Project are fully described in Section 6 of the 

EA Registration document (e.g., 6.1.7, 6.2.7, 6.3.7, etc).  

Regarding the brining in particular, Alton designed the proposed method of discharge so 

that the brine is diluted by pumped estuary water prior to being discharged into the 

Estuary.  This will be accomplished by a holding pond and mixing pond which will be 

used to hold brine, dilute brine with estuary water and control the discharge back to the 

Suite 2320 – 444 5th Avenue S.W.
Calgary, Alberta T2P 2T8

Phone: 403.263.2118
Fax: 403.264.8365
www.altongas.com



Estuary.  The diluted brine will be discharged around high tide to minimize the difference 

in salinity between the effluent and the receiving water body and to maximize the 

potential for mixing.  Modeling results indicate that the salinity of the diluted brine 

discharged into the Estuary will be within the range of salinities that are normally 

experienced in the Estuary.  This, as well as using relatively small amounts of water, 

compared to overall flow at the intake site, will minimize any potential impact on the 

aquatic environment. We have also committed to shut down brining if there are striped 

bass eggs detected at the discharge site. 

The project is still subject to ongoing monitoring (e.g., salinity) and management 

planning (e.g., Environmental Management Plan and Environmental Protection Plan), as 

will be subject to additional environmental approvals such as a Water Approval and an 

Industrial Approval. In these approval applications, the technical details will be addressed 

in greater detail.  

 

3. The actual composition of the discharge 

From Section 6.1.5.1 

Brine Discharge  

The salt caverns that will be subject to solution mining consist predominantly of 

crystalline sodium chloride; however, other elements are also present, albeit at low 

levels.  In order to quantify the risk of other elements eliciting toxic effects to fish and 

other aquatic organisms when discharged as diluted brine, a sample of the salt core was 

dissolved in distilled water and levels of metals were measured.  The tested solution was 

prepared to mimic the discharge; saturated brine made by dissolving a sample of the salt 

core into distilled water (260 ppt) was diluted with distilled water so that the tested 

solution has a salinity of 26 ppt, which equates to approximately 10:1 dilution (distilled 

water to saturated brine).  Total and available metals in the prepared solution were 

measured by Maxxam Analytical Laboratories.  No exceptionally high levels of metals in 

the salt core were indicated and thus the present analytical results give a rough indicator 

of the potential risk that other metals in the salt-core pose to aquatic receptors (Table 

6.1). However, as detection limits were above CCME guidelines in some cases the results 

of toxicity testing of the diluted brine on representative organisms will be important in 

further understanding the risk that metals in the discharge pose to aquatic receptors. 

The specifics of this toxicity testing program will be developed in consultation with 

regulators, most notably Environment Canada, see Section 6.1.6 for more discussion on 

this topic.  



 

TABLE 6.1 Element Levels in Diluted (10:1) Brine 

Elements Units Reported Level Detection Level 
CCME 

(Freshwater/ 

Marine) 

Total Aluminum (Al) ug/L ND 100 5-100/NA 

Total Arsenic (As) ug/L ND 0.1 5/12.5 

Total Antimony (Sb) ug/L ND 20 160a 

Total Barium (Ba) ug/L ND 50 4.0a 

Total Beryllium (Be) ug/L ND 20 0.53a 

Total Bismuth (Bi) ug/L ND 20 NA 

Total Boron (B) ug/L ND 50 750a 

Total Cadmium (Cd) ug/L ND 3 0.017/0.12 

Total Chromium (Cr) ug/L ND 20 8.9/56 

Total Cobalt (Co) ug/L ND 10 23a 

Total Copper (Cu) ug/L ND 20 2-4/NA 

Total Iron (Fe) ug/L ND 500 300/NA 

Total Lead (Pb) ug/L ND 5 1-7/NA 

Total Lithium (Li) ug/L ND 20 14a 

Total Manganese (Mn) ug/L ND 20 120a 

Total Molybdenum (Mo) ug/L ND 20 73/NA 

Total Nickel (Ni) ug/L ND 20 25-150 

Total Selenium (Se) ug/L ND 50 0.1/NA 

Total Strontium (Sr) ug/L 180 50 1500a 

Total Thallium (Tl) ug/L ND 1 0.8/NA 

Total Tin (Sn) ug/L ND 20 73a 

Total Titanium (Ti) ug/L ND 20 NA 

Total Uranium (U) ug/L ND 1 2.6a 

Total Vanadium (V) ug/L ND 20 20a 

Total Zinc (Zn) ug/L ND 50 300/NA 

Available Cadmium (Cd) ug/L ND 0.1 See below* 

Available Chromium (Cr) ug/L ND 0.5 See below* 

Available Cobalt (Co) ug/L ND 0.1 NA 

Available Copper (Cu) ug/L 0.3 0.1 See below* 

Available Iron (Fe) ug/L 17 1 See below* 

Available Lead (Pb) ug/L 0.2 0.1 See below* 

Available Manganese (Mn) ug/L 2 1 NA 

Available Nickel (Ni) ug/L ND 0.5 25-150/NA 

Available Zinc (Zn) ug/L ND 1 See below* 

*CCME Guidelines pertain to total metal levels 
a Toxicity Reference Value (TRV) stipulated by the Environmental Restoration Division (ERD) of 

the US EPA 

ND: Not detected, i.e., levels below detection level 

NA: No level stipulated by CCME or ERD



4. Access limitations on the land for hunting and fishing 

From Section 6.4.4: 

There may be short-term reduction in access to hunting, fishing, ATV/snowmobile use 

during construction, but Alton will be working with landowners to ensure disturbance is 

kept to a minimum. ATV use or other access along the water pipeline RoW may be 

restricted at the landowner’s request. Permanent restriction to access will be required for 

safety and security purposes around the gas storage and brine management facilities.  

5. Clarity on the salinity levels after the discharge of the brine into the Estuary 

(questioned reference to only 4 tests) 

Alton is currently undertaking an extensive salinity monitoring program near the 

discharge site to refine its knowledge of fluctuating salinities over normal tidal cycles. 

However, Alton is confident that the brine management system will be able to 

successfully control discharge of diluted brine to minimize impacts on the aquatic 

ecosystem as described in detail in Section 6.1 of the EA Registration. 

(From Appendix H, Disposition Table Comment EC-SZ-03): The Proponent will also be 

conducting the monitoring of salinity levels in diluted brine discharged to the Estuary 

during the brining stage of the Project and results will be made available to regulators for 

review. Discharge will be continuously monitored to ensure that salinity of the diluted 

brine does not exceed 25 ppt. Altering volumes of brine pumped into the mixing pond or 

temporary shut-down of brining will occur if salinity of diluted brine discharged to the 

Estuary exceeds 25 ppt. The details of the monitoring program of the diluted brine 

discharge, including protocols for reporting results and measures that will be taken if 

salinity exceeds 25 ppt, will be determined as part of the Industrial Approval Application.   

 

In closing, we want to assure you that we want our project to be compliant with Nova Scotia’s 
Green Policy. The Alton Natural Gas storage project will be developed in full consideration of 

environmental issues.  The Project is designed to be constructed according to regulatory and 

modern industry standards including standards established by the Canadian Standards 
Association for this technology. All equipment used for the project will comply with state and 

federal regulations.  
 

You can visit altongas.com for more information on the safety of salt caverns and our 

environmental considerations. Please advise us as to a suitable date and time for meetings with 
you and your team to continue our discussions. 

 
 

Respectfully, 

Scott MacDonald 

Project Manager 
 

CC:Chief Grace Conrad, Chief and President, NCNS 



Tim Martin, Commissioner, Netukulimkewe’lCommission, NCNS 

Honourable Mark Parent, Nova Scotia Minister of Environment and Labour 
Peter Geddes, Environmental Assessment Officer, NSDE&L 

Melanie MacLean, Habitat Assessment Biologist, Fisheries and Oceans Canada – Maritimes Region 
Bob MacGregor, Senior Policy Advisor, Office of the Federal Interlocutor 

Steve Wilson, Co-Chair, inner Bay of Fundy Atlantic Salmon Recovery Team 

Joshua McNeely, Regional Facilitator, Ikanawtiket 
Amada Facey, Oceans and Aquatic Resources Biologist, Maritime Aboriginal Aquatic Resources 

Secretatiat 






