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W
ater storage tanks are an expensive 

asset ($2-$4 per stored gallon) 
 M

ost do N
O

THIN
G to help m

anage 
w

ater quality…
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A
s presently operated, w

ater storage tanks 
are a liability…

 
•

O
ften too big for optim

al distribution system
 

operations 
•

C
reate conditions of low

 velocity – accum
ulate 

sedim
ent 

•
P

rone to therm
al stratification 

–
R

esidual loss 
–

D
B

P
 form

ation (S
um

m
er) 

–
Ice form

ation (W
inter) 
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Tank H
ydraulics, A

ctive M
ixing, 

and W
ater Q

uality 
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Therm
al stratification 

C
om

m
on inlet/outlet 



Therm
al stratification 

C
om

m
on inlet/outlet 



Therm
al stratification 

C
om

m
on inlet/outlet 



Therm
al stratification 

Strong and persistent therm
ocline established 

C
om

m
on inlet/outlet 



Therm
al stratification 



Therm
al stratification 

2 days old 

1 day old 



Therm
al stratification 



Therm
al stratification 

3 days old 

1 day old 

S
tratified tanks can have H

IG
H

 w
ater age…

 





Therm
al stratification data 

14.5 15

15.5 16

16.5 17

17.5 18

18.5 19

19.5

8/10 12:00
8/11 0:00

8/11 12:00
8/12 0:00

8/12 12:00
8/13 0:00

8/13 12:00
8/14 0:00

8/14 12:00

Temperature [C]

Date

W
ater tem

perature and level, Cam
bridge tank , M

ixer off 

1F3F5F8F

Temperature Tem
perature rise of 1 degree/day in top w

ater 



Therm
al stratification problem

s get w
orse, 

as aspect ratio increases…
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Higher surface area-to-volum
e ratio 



H
ow

 do I know
 m

y standpipe needs better 
m

ixing? 

•
Low

er residual at the top versus the bottom
 

–
R

esidual drops as I drain m
y standpipe 

•
H

igher tem
perature in the w

ater at the top 
•

“S
w

eat m
ark” m

idw
ay up the standpipe 

–
Therm

ocline 

•
Ice form

ation at the top in w
inter 
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Honestly: w
e have not found a standpipe that did not show

 
significant stratification at least som

e of the tim
e 



A
ctive M

ixing for 
W

ater Q
uality Im

provem
ent 

 
C

ase Studies 

18 



C
entral H

ighlands W
ater 
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1 M
G Enfield Basin 



PA
X PW

M
-400 – H

orizontal orientation 
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1” PVC Cl feed pipe 
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“Residual levels rose to 1.8 to 2.0 m
g/l after 2 m

onths. 
The M

ixer is a great tool that w
e can add to our w

ater 
quality m

anagem
ent. W

e now
 have a lot m

ore control of 
our system

.” 

Jon Gooding – Senior Engineer 
Central Highlands W

ater – Ballarat, VIC 
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C
ase study published 

in the Journal of the 
A

ustralian W
ater 

A
ssociation – S

pring, 
2014 

 
 D

ow
nload at 

w
w

w
.paxw

ater.com
  



Specifying M
ixers and Evaluating M

ixer 
Perform

ance 
 

29 



K
ey Perform

ance M
etric: B

lend tim
e 

•
T

B  = B
lend tim

e 
•

T
B  is the tim

e to blend an initially unm
ixed tank to a 

blended condition 
–

T
90  = tim

e to reduce variation to 10%
 of its initial condition 

–
T

95  = tim
e to reduce variation to 5%

 of its initial condition 
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T
95 

13 14 15 16 17 18 19 20

0
1

2
3

4
5

Temperature [C]

Tim
e [h

o
u

r]

22 ft
20 ft
18 ft
16 ft
10 ft
6 ft
2 ft



K
ey Perform

ance M
etric: B

lend tim
e 

•
T

B  = B
lend tim

e 
•

T
B  is the tim

e to blend an initially unm
ixed tank to a 

blended condition 
–

T
90  = tim

e to reduce variation to 10%
 of its initial condition 

–
T

95  = tim
e to reduce variation to 5%

 of its initial condition 
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T
95 
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Temperature [C]

Tim
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o
u
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Perform
ance M

etrics:  Tem
perature profile 

•
Tem

perature profiles easiest to 
dem

onstrate com
plete m

ix 
–

Float fixed below
 surface 

–
M

id-level 
–

2 ft off bottom
 

 
•

M
ore data points can be used for 

increased resolution 
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W
hat does adequate vs. inadequate m

ixing 
look like: Tem

perature 

•
4.0M

G
 Tanks, 132 x 40 ft 

•
E

qual sunlight, equal w
ater  

M
ixer A

 

M
ixer B
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Ideally M
ixed Tank Idealized Tank

Installed in 4.0M
G

 Tank (132 x 40 ft)

13 14 15 16 17 1820-M
ay

22-M
ay

24-M
ay

26-M
ay

28-M
ay

30-M
ay

1-Jun
3-Jun

5-Jun

Water Temperature [C]

S
urface

3 feet deep

26 feet from
 bottom

16 feet from
 bottom

2 feet from
 bottom

Ideally 0.0°C
 stratification during both day and night

U
niform

 day/night variation throughout the tank 

3 feet deep 

Surface 

8 feet deep 

20 feet deep 

28 feet deep 
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M
ixer A

 R
esults 

PAX W
ater M

ixer
Installed in 4.0M

G
 Tank (132 x 40 ft)

13 14 15 16 17 1820-M
ay

22-M
ay

24-M
ay

26-M
ay

28-M
ay

30-M
ay

1-Jun
3-Jun

5-Jun

Water Temperature [C]

Surface

3 feet deep

26 feet from
 bottom

16 feet from
 bottom

2 feet from
 bottom

M
ixer O

ff
M

ixer O
n

M
ixer O

ff

~0.5 °C
 m

axim
um

 stratification per day w
ith m

ixer on.  N
o consistent stratification

Stratification reduced to ~0.2 °C
 each night

3 feet deep 

Surface 

8 feet deep 

20 feet deep 

28 feet deep 
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M
ixer B

 R
esults 

Solar B
ee - 

Installed in 4.0M
G

 tank (132 x 40 ft)

13 14 15 16 17 189-Jun
10-Jun

11-Jun
12-Jun

13-Jun
14-Jun

15-Jun
16-Jun

17-Jun
18-Jun

Water Temperature [C]

S
urface

3 feet deep

26 feet from
 bottom

16 ft from
 bottom

2 ft from
 bottom

A
pprox 3.0°C

 stratification consistent in tank despite S
olar B

ee

S
olar B

ee O
n

3 feet deep 

Surface 

8 feet deep 

20 feet deep 

28 feet deep 



Inlet 
O

utlet 



1 
3 

4 

2 

Sam
ples taken at each site from

…
    Surface 

M
iddle 

Bottom
 

Sam
ple locations 
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Cl concentration Top  M
iddle  Bottom

 

Poorly m
ixed 

(Cl on bottom
) 

Partly m
ixed 

M
ixed 

Tim
e 



Ideal Scenario – Fully M
ixed 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

8:10 AM
12:10 PM

4:10 PM
8:10pm

12:10am
4:10 AM

8:10 AM
9:20am

12noon
4pm

8pm

Total chlorine [PPM]

Cam
arillo 4 M

G
 Reservoir

THEO
RETICAL IDEAL M

IXED TAN
K

SU
RFACE 1

M
IDDLE 1

BO
TTO

M
 1

Surface 2

M
iddle 2

Bottom
 2

SU
RFACE 3

M
IDDLE 3

BO
TTO

M
 3

Surface 4

M
iddle 4

Bottom
 4

The
"ideal" tank w

ould look 
like this -fully m

ixed at all 
sam

ple points



M
ixer A

 – Fully M
ixed after 24 hours 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

8:10 AM
12:10 PM

4:10 PM
8:10pm

12:10am
4:10 AM

8:10 AM
9:20am

12noon
4pm

8pm

Total chlorine [PPM]

Cam
arillo 4 M

G
 Reservoir

Dosed w
ith 50 gallons Chlorine 23m

ay12
M

ixed by PAX -24 M
ay 2012

SU
RFACE 1

M
IDDLE 1

BO
TTO

M
 1

Surface 2

M
iddle 2

Bottom
 2

SU
RFACE 3

M
IDDLE 3

BO
TTO

M
 3

Surface 4

M
iddle 4

Bottom
 4

15 hours 
in ~75%

 
m

ix

24 hours in 
=

100%
 

m
ix

23
hours 

in ~95%
 

m
ix



M
ixer B

 – N
ever M

ixed 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

7:00am
11:00am

3:00pm
7:00pm

11:00pm
3:00am

7:00am
11:00am

3:00pm
7:00pm

9:00pm

Total chlorine [PPM]

Cam
arillo 4 M

G
 Reservoir

Dosed w
ith 50 G

allons Chlorine 8m
ay12

M
ixed by SB

-9 M
ay 2012

SU
RFACE 1

M
IDDLE 1

BO
TTO

M
 1

Surface 2

M
iddle 2

Bottom
 2

SU
RFACE 3

M
IDDLE 3

BO
TTO

M
 3

Surface 4

M
iddle 4

Bottom
 4

M
ajor hotspots still 

rem
ain 38

hours into test



Variance: Statistical m
easure of uniform

ity 

0.0

0.5

1.0

1.5

2.0

2.5

0
5

10
15

20
25

30
35

40

COV

Tim
e [hours]

PAX

SB

Poorly-m
ixed 

W
ell-m

ixed 

A 
B 
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“The trial clearly show
ed that plum

es of high Cl 
introduced into the tank w

ere elim
inated by the 

PW
M

400 w
ithin 24 hours and w

ere not elim
inated by the 

GS-12 after 38 hours. The differences in m
ixing results 

w
ere significant.” 

 
Tom

 Sm
ith– Superintendent (retired) 

City of Cam
arillo W

ater Superindendant  



N
ew

 w
hite paper:  

H
ow

 to Select and 
S

pecify M
ixers for 

P
otable W

ater Storage 
Tanks 
 D

ow
nload at 

w
w

w
.paxw

ater.com
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Photo courtesy of U
tility Service Co. 



$22,000 repair 
Photo courtesy of U

tility Service Co. 



$160,000 repair 
Photo courtesy of U

tility Service Co. 



Exam
ples of Ice Dam

age 

Photo courtesy of U
tility Service Co. 



Canada, Feb 2009 

Photo courtesy of U
tility Service Co. 



Photo courtesy of U
tility Service Co. 



Photo courtesy of U
tility Service Co. 



W
hy do tanks freeze at the top? 

1.
Top of the tank is m

ore exposed 

2.
Ice is unusual: it floats 

 



W
hat about w

arm
er w

ater at the 
bottom

 of the tank? 

1.
W

arm
er w

ater is D
E

N
S

E
R

: it 
stays on the bottom

 

2.
In order for w

ater to rise to the 
top of the tank (free convection) 
the tem

perature m
ust be ~40°F 

(5C
) 

 

M
ust heat 

w
ater above 

this tem
p for 

it to rise 



Pocket of w
arm

 w
ater 

at tank bottom
 

Tank 2 (no m
ixer) 

F 

32.2 
 25 
 17.8 
 10.6 
 3.4 
 -3.8 
 -11 
 -18.2 
 -25.4 
 -32.6 
 -39.8 

IR
 im

age of a standpipe in 
w

inter…
 



W
hat about heaters? 

H
eaters m

ust w
arm

 the w
ater 

significantly A
B

O
VE

 the freezing 
point for the w

ater to float to the top 
of the tank 

A LO
T of extra energy is being 

w
asted just to prom

ote “free 
convection” 

 H
ow

 m
uch? 

For a 100,000 gallon tank – 100 kW
h 

 



Photo courtesy of U
tility Service Co. 



Forced convection (active m
ixing)  

P
ushes w

arm
 w

ater to 
the top of the tank 

 K
eeps the entire tank at 

the sam
e tem

perature 

 …
w

ith a LO
T less 

energy 

 



H
ow

 m
uch m

ixing do I need to keep m
y tank 

ice-free? 
•

D
epends on the size and shape of the tank 

•
D

epends on the tem
perature (and sunlight) 

•
D

epends on turn-over 
•

D
epends on the inlet w

ater tem
perature 

•
D

epends on color of tank 
•

D
epends on tank’s R

-value 
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O
ld Tow

n, M
E – Frank K

earney 

©
 PAX W
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Tanks at O
ld Tow

n 
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Installation 
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Spring Thaw
 – 3/25/09 

Tank #1 – M
ixed by PAX  

Tank #2 – not m
ixed   

©
 PAX W
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PW
M

100 – ideal for ice prevention in sm
all 

tanks 

©
 2015 PAX

 W
ater Technologies, Inc. 

 
 

 
73 



Produces pow
erful vortex jet: like rifling of a bullet 
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C
ase Study: Laram

ie, W
Y 

•
300,000 gallon pedisphere 

•
S

evere ice problem
s in 

w
inter 

•
Low

 residual levels in 
sum

m
er 
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PW
M

100 to the rescue 

•
P

AX
 Service team

 
flew

 to Laram
ie 

•
P

ow
ered m

ixer off 
airplane light circuit 

•
Installed m

ixer into 
tank w

/ tem
p string 
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D
ay 0 



24 hours later 



 

1 w
eek later: ice free 



©
 2015 PAX

 W
ater Technologies, Inc. 

81 

“W
e w

ere very im
pressed w

ith this new
 technology. [The 

PW
M

-100] is ideally suited to a tank and system
 of our 

size, and the ability to easily install and rem
ove it ourselves 

is a big advantage.” 
Foster W

hite 
O

peration/ M
anager 

Laram
ie, W

Y 
 



Susanville (C
al Fire) w

ater storage tank 

•
84,000 gallons 

•
S

teel-bolted tank 
•

N
o insulation 

•
S

ub-freezing 
conditions 



 



 



 



 



 



 

30 32 34 36 38 40 42 44

3/3/2013 0:00
3/3/2013 9:36

3/3/2013 19:12
3/4/2013 4:48

3/4/2013 14:24
3/5/2013 0:00
3/5/2013 9:36

3/5/2013 19:12
3/6/2013 4:48

3/6/2013 14:24
3/7/2013 0:00
3/7/2013 9:36

3/7/2013 19:12
3/8/2013 4:48

3/8/2013 14:24
3/9/2013 0:00
3/9/2013 9:36

3/9/2013 19:12
3/10/2013 4:48

3/10/2013 14:24
3/11/2013 0:00
3/11/2013 9:36

3/11/2013 19:12
3/12/2013 4:48

3/12/2013 14:24
3/13/2013 0:00
3/13/2013 9:36

3/13/2013 19:12
3/14/2013 4:48

3/14/2013 14:24
3/15/2013 0:00
3/15/2013 9:36

3/15/2013 19:12
3/16/2013 4:48

3/16/2013 14:24
3/17/2013 0:00
3/17/2013 9:36

3/17/2013 19:12
3/18/2013 4:48

3/18/2013 14:24
3/19/2013 0:00
3/19/2013 9:36

3/19/2013 19:12
3/20/2013 4:48

3/20/2013 14:24
3/21/2013 0:00
3/21/2013 9:36

3/21/2013 19:12
3/22/2013 4:48

3/22/2013 14:24
3/23/2013 0:00
3/23/2013 9:36

3/23/2013 19:12
3/24/2013 4:48

3/24/2013 14:24
3/25/2013 0:00
3/25/2013 9:36

3/25/2013 19:12
3/26/2013 4:48

3/26/2013 14:24
3/27/2013 0:00
3/27/2013 9:36

3/27/2013 19:12
3/28/2013 4:48

Top Inside
M

iddle Inside
Bottom

 Inside

M
ixer turned on 

3/4/13
at 14:30



C
an a m

ixer keep m
y tank ice-free under 

A
LL conditions? 

•
H

ow
 m

uch w
ater com

es into your tank? 
•

W
hat is the incom

ing w
ater’s tem

perature? 
•

H
ow

 cold is it outside? 
•

H
ow

 long is it that cold? 
•

W
hat is the color of the tank? 

•
W

hat is the R
-value of the tank? 
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Depending on these factors, an additional heat source 
m

ay be needed 



A
ctive M

ixing Low
ers R

esidual D
em

and…
 

O
ld Tow

n, M
aine 

•
2 identical tanks 

•
H

istory of ice dam
age in 

w
inter 

•
P

roblem
s w

/ residual 
loss in sum

m
er 



R
esidual before installing m

ixers 

0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6Jan-07
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Jul-07
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Nov-07
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residual at plant
A

v residual in system



R
esidual before installing m

ixers 

0

0.2

0.4

0.6

0.8 1

1.2

1.4

1.6Jan-07
Mar-07
May-07
Jul-07

Sep-07
Nov-07
Jan-08
Mar-08
May-08
Jul-08

residual at plant
R

esidual lost in system
A

v residual in system



R
esidual after installing m

ixers 

A
verage residual loss in distribution system

 (m
g/l)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

Jan-07Mar-07May-07
Jul-07Sep-07Nov-07Jan-08Mar-08

May-08
Jul-08Sep-08Nov-08Jan-09Mar-09May-09
Jul-09Sep-09Nov-09Jan-10Mar-10May-10

System
 flushing and 

m
ixer 1 install

M
ixer 2 installed

Low
er disinfectant consum

ption = low
er D

B
P production 
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“W
e are able to m

aintain residual better than before w
e 

installed [the] 3 m
ixers. The operator told m

e this 
m

orning that he thinks w
e can dial another .1m

g/l  out of 
the dose any day now

 because of rising residuals. “ 

Frank Kearney, Superintendent 
O

ld Tow
n, M

aine 
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