PCT/CA2011/000325

1/16

IAYTILSIE L BI-14-90)
™ AIAYA NVIT) MATIRUNGD Ad
3ds-110
A WIS LNN]
(
' R T g ——— &@ 4
a/¥ W0-d-£l ..a. - T =1
) LS SdRd r-—=--- ANy 91
NOLLYINNID 01 LITIRAIND
ds o~ [ | HILVA ' AT ._E,E._
50 EXNNED T Ol
P | B9 &Y | . _
[
N A-de | i _
Sad J91 | | a4 || i
| wy |
ol < y
Vo) H _ !
) | n
& _ S 335NVL 8% -4 ! !
J { 1 ! i
-l —(Hd S VAT | _| é% m.a ] i
30D AMIN ai
CowwAwstst 000 |eausfmY Lo |- = 1831 rau _ g ! _
0L ¥3LYA CONDD VIS M | |
IN¥T 3USYA | JWTS ¥04) A¥IN3
_ e Wige ] - o
AISNAND ,
_ TN RNSSTY e DAY Y
| WLV LI 0L g - ik

FIGURE 1

WO 2012/024764

(NOLLVHLNIONDD . _
SSINDWVH s | Vo

ALROHAI WD " PHy
ANLNT LS3L QT3 [

| (INIOd 138 CIMRNT 3V b = = = = o o o e e m e m o m - |
L _Jox), 998 d0LVI0NAT L NI 33L9A 40
-1 NOILYAINIONDD SSINCHWH (3YIS3T



PCT/CA2011/000325

WO 2012/024764

2/16

d[3A INIWMINS

dWNS NADIAOTE
S NIVKH

ILYTILLSIC 01
AJLVA NVITD

/600
¥
B €
| ds Ad - - - T
_ | e
r-=-=-=-7=7° T T T T TTTTTT \
a9 10-d-bl | | -
Sdid INE |
[
_ _ aY _ _
! -]
I
~-A-¥1
VHOdVAT ds
! (ooNg _ _
7~/ | ¥
I A N
! ! ds
_ C oo o oo oYy _
_ Pt
ONYL 33LVA {
WSOSSIC O1 ¥ILYA
e L 2LuA | S:am 100 M BLvvas
I
I
: ALIALLINGNDD
oIy 3 _ ﬂﬂu
NOILYIININD 4
SSINGIVH dis | ooNg_ _ _ _ _ L A
YOLVAOYAT 0D =
NN LS 0T T
1 Y.
Zeo (INIOd 135 Q34ILNT A0LY3IdD
Lw e - NS A0LVAOAYAT JHL NT d3L9A 40
Y- NOILVALNGONDD SSINCAVH T3NISIC

FIGURE 1A



WO 2012/024764 PCT/CA2011/000325

3/16

V~-NOTCHED STANDARD
WEIR WEIR

FIGURE 1B



PCT/CA2011/000325

4/16

WO 2012/024764

oo yfea) TS 0 BU-L-9D
I R 4 ava wEm AITIING] Ad
_ ey =~ - - o 23dddl
e WG LN
_ B _
||||| : s ﬁt;nn..l..nn||l||....xf& 4
_ ,S.s.m.:_ A\Ma/ ! ~ _— _ W 1= il
[ SdNd 0N wivada: | P SdHd Eﬁ._.gé_
NOLLYINGAT) .mh
| _ | a8 N | AT T
| ¢ an | - - ) m.ma 4N . |
_ ﬁ\ ALvannI i | - @ R _
! o TR _ i _
_ 1 | : o A | . !
i | | v NS _ %} ‘Bﬁ Sdid a1 1| &S |
| ! e P [ ] Ve || |
| | @ E e i1 < y -
i I Ad =) L Y9 T30 I [
- » m s .
~ L 5 N Ly S 43I ab 40 !
| .ﬁu ! L WL Ad Faa 5 | |
+ | — ~(Hd TS AT | WM_ Ly _ _
3D JUNT g3
ML AI_ [
Eht) lzwgﬂ €u~d llll 133 1gkid] _ X | _
0L ¥3IvA &c&m (ONDJ YIIIIS MK _ I
N 3U5vA ELN %w.%é |
1831 03
! ALTATLINGNGD w-Lgt | ! AININDY & /)
el UMD TSR o _ YAy | AL alen | ST 0 &)
/) 5 LICPENETETA N G " DAd
(HOLLVAINIONDO -+ QNS0
SSMOAVH N1S _
_

ALVOAT &.c E

Eaaa am: .
Esmwaﬁ%é&&er1-|------:-----;:- ._
@5%&%&%5@%5

rg NOLLYALNIOND) SSINCHW QRIS3T

FIGURE 2



PCT/CA2011/000325

WO 2012/024764

5/16

&

ILYTIILSIE (L

_ﬁ HUYA NI
..... &

(NIDd 135 C33IND J0LVdD -
L PR, 9 d0UVIGNAT H1L N 23I9A 0

ROILVIINIONTD SSINQIVH Q3MISX

/v -d-€l
Sdwnd 481

&
Pm-m—ememcmmemm————
&Y W-d-E1
SdHd [
NOLLYINQNID 01 |
AILVA
(anY Yool  apwh
¥ | B &Y
(= [y

- —cnd s wnz

[
|
|
fani *
a |
kg
)

A0 ANING
4331 @ad

CONDD WIITS
RS 300 JNING
1831 QL

TOYLNDD USSR 4-
YILVAVd3S LT 0L

£0~A—EL
WO HSv 4

<B10-14-9D)
AITIRINGD Ad
J3d3-440
WO 1ndN]
t

-t
I |
YN

AT TeLOL |

LEFCE T

3

|
|
|
1
|
|
|
|
|
|
!
<

&

[155F]
ONUS3Q

FIGURE 3



PCT/CA2011/000325

6/16

WO 2012/024764

- - @ - ILVILLSIE OL (BI0-14-91)
r a8 R Ry A Biva w32 ¥ITIOXINGD Ad
N ) 23d3- 440

&Y LT

479 T-d-¥1
Sand I

L5093 | e w4t =ty ~ - 1
_ Sdwd HITIONDY |

ﬁ
NOLEYINE) 01
| ds [ A AT TL0L
C én% o 4 ) [, dnow __ ” !
| ti
41
Y Varl J |
NOLv L0

8/v A-d-El

1
[
.
_
!
|
[ T
| k§I§ m&ame”
_
!
- s _ | ,
0 | Lol L2 |
Y Y ! & L o S WAT
! I

E)
4

_
i
_
_
~
L

i |
a5 | XD~ -
] |
AH
{ m |
L 30D AUNI 28
4ILYA WSOSIT varsfmY L_ _ |- _ 181 e % e !
0L ¥ILVA -7 Aivavaas CND3 VOIS 3 .
ININE 3USYA | ._;Hm&wg J4INI
! ALIALLINGNG . - €10 Veu
| THING) JNSSRU  _ v " R
| v o - Dy

(NOLLWSINIONTD
ssaevl s | e,
WLAONAT NI [ ¥

AYINT IS3L O30 !

! (NG 135 CRMAUNI J0UVHIED = = o e o m o e e e o e J
L Jo], 9405 MIN0AT HL N E3LvA 0
E E:&E&s&%ﬁﬁ%ﬂ

FIGURE 4



PCT/CA2011/000325

&Y 10-d-Gi

111111111111

/Y £0-d-¥1

WO 2012/024764

7/16

i ' Sdid LD
¢ somen !
G o 0-ALH AUYTILSIE
|
|
| A = = = = = m m e e o -~ o -
" 2 | e e e e e 0004 I0-0_{ €40
@ gavo N§ 0 ﬁ §ZM@§I R+
CYn o foNwew U _____ L o
LAV g CIIIIIIIIIIIIII . |
3 [ did :
- w..w.mcu.f | ‘ NOLLY NI WO X !
W-A-GE " AUAOIAT !
NRIT WY3LS t P : |
13
| | : m |
. . " [
Q.m ! ! I
ey ! ! |
FERIC] | | |
) 1 |
W 2-4-51 iNd ! | |
LSO A | | |
\w N i
< ! [
| | I
W15 ! ~ _
WYL AK | i |
I | |
i 1 |
| ! i
|

FIGURE 5



PCT/CA2011/000325

8/16

WO 2012/024764

:::::::::: §/¥ 10-d-61 -
TS S =

GO -A¥ YT
| T T T ]
¥ @J_ (<
_ &
_
| rm?z.eh@ b e e m e m e m oo oo I nl
vor-i Voo e | s

WL | e e e e = e e e = - ; ‘
oY ﬁ §",Bﬁxslg -]
5D S5

<iNd
NOLLY TV

t

i

l

{ wpodns
< _
t

Ll

10-A-GL
WML WY3LS

ﬁ
R3S @
--§1
xRS

|

|

!

|

_

m

L]

W A-4-57 dind _
4315008 AH |
|

~

1

!

_

!

|

i

FIGURE 6



WO 2012/024764 PCT/CA2011/000325

9/16
Boller Feed Water
Control
o R
Low High
Digtillate Drum Leve?
. ASF +

FIGURE 7



WO 2012/024764 PCT/CA2011/000325

10/16
Y
Higt
L
R ™ BFW Tank Leve @ R
A { o ;
Y " Y €
Compressor Speec @ Comptessor Speec
Masimur? | Minimure?
Erc
! DCS slow down
0CS speed up
COMPressor 56N Compressol
wxouss walel b BFW make up fow
Tank from BFW Tank
R R

FIGURE 8



WO 2012/024764 PCT/CA2011/000325

11/16
4
7 Ne Comp = Yes
mﬁé& No  BFWTankabowe o
extess water i minimum?
BFW Tank
\ A
Board Operator DCE draw
restrict steam fow BFW from the
k¢ BFW Tank
& - Mg rates
Is distiiate tank
l’ Sawel falling? 1 1
3
is BFW Tank Yes
Ne Lewe: above low
level aarm?
DS draw
Board Operator
restrict steam fow BEWW"’%';“&*
rates.
j ¥
R R

FIGURE 9



WO 2012/024764 PCT/CA2011/000325

12/16
*
¥
Yo
Ne Comp " ©%
l mirknwim speec? l
DCS recuce ¥
COMPIEsEar bl BFW Tank below
speed 1igh level slarn?
DS RLBFW DCE resirict
Tank Evaparabor
Yes Ne ford
Diatllate Taok
leved riging® l
R R R
BFW Tank boko N
an
Yes high v alaree
DCS Al BFW DCS restrict
Tank Evaporator
fond
v
R R

FIGURE 10



WO 2012/024764

PCT/CA2011/000325

13/16

Biowdown Control

BCS decrease BU flow
{decreasa bias on PW material
balance controlier to reduce
water going into the evaporator
~refer to'iniet Cocling and
Separation Control Narrative)

BCS measure inlet
parameters
1} feed hardness
2} feed fow
3} BD flow rate

DCs
estimate
saturation
haraness in

DCS estimate
actual
hardness in
sump

DCS increase BD fiow
{increase bias on PW
material balanca controller to
increase make-up water -
refer o infet Cooling and
Separation Control Marrative)

| Is estimated v
© . hardness »

saturated hardnes:

? E

FIGURE 11



WO 2012/024764

14/16

Evaporator Sump
Sitica Contro!

-.|4

PCT/CA2011/000325

DCS measure
inlet
parameters
1) feed pH
2) feed siica
3) feed flow
4} BD flow rate

0ecs
estimate
sump pH

DCS estimate
soiubility of
silica and
silica
concentration
in sump

Y
0CS decrease 5 o
feed pH setpoint -1 estimated silica

T by redhucing caustic s —__goncentration » solubility

flow o feed of silica

FIGURE 12

¥

.

OCS increase
feed pH selpoint
hy adding more

caustic to feed




]

WO 2012/024764

log activity of dissolved silica species

15/16

PCT/CA2011/000325

Amorphous silica

frrm——" —— — —— S— w—— ——— s————

Quartz

FIGURE 13




WO 2012/024764 PCT/CA2011/000325

16/16

i
1 ]
y
Falling Film T ¥
Exchanger E v
P [N
At
R Vapor Compressor
’ ] N
Distiled Water J¢——" | |
]
steam and w ater
Evaporator steam
carp
(steam'w ater
separator)
w ater
Brine Circulation Pump

Crm—

FIGURE 14 (PRIOR ART)



