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A rendering of the full-scale VSEP
membrane technology system.

Figure 1. Water Quality at
Optimum Pilot Unit Settings
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he PPL Montana (PPLM)

I Colstrip Steam Electric Station

is a 2,276-MW coal-fired power
plant located in Colstrip, Mont. It
consumes 10 million tons of coal per
year, which is harvested at the nearby
Rosebud Mine in Colstrip. During
daily operation of the power plant, up
to 14 million gal of raw water from the
Yellowstone River is pumped 30 miles to
Colstrip for plant use.

The plant is permitted as a zero-
discharge facility. The zero-discharge
design and plant operation have resulted
in numerous storage ponds at the power
planc site, with about 1 billion gal of
inventory. This excess inventory is threat-
ening the plant’s operation. PPLM staff
determined the need to reduce the inven-
tory by 750 million gal with a treatment
system—one operational within a year
and capable of meeting the goal within
five years. Reusing water internal to the
system permits a reduction of raw water
introduced to the system, as well as a
reduction in the stored water inventory.

Initial Assessment

A review of the raw water quality and
treated water requirements revealed sev-
eral issues. All of the potential source
waters are high in specific conductance,
total dissolved solids (TDS), calcium,
magnesium and sulfate. Substantial TDS
removal is necessary to meet the treated
water requirements of about 1,000 to
2,000 pS/cm.

Multiple technologies were investi-
gated to determine their effectiveness
in treating the identified source water.
Two proven treatment technologies—
membrane treatment and evaporation/
crystallization—were determined to pro-
vide a treated water meeting the specific
conductance requirement for these con-
ditions. Other mature technologies (e.g.,
ion exchange, electrodialysis and thermal
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evaporation) had inherent qualities that,
upon initial investigation, rendered them
unsuitable for this application.

MF RO

The tight time frame of the proj-
ect led to a more traditional treatment
approach of microfiltration (MF) mem-
branes followed by reverse osmosis (RO)
membranes. The hardness of even the
highest-quality waters would require
softening for pretreatment. Bench tests
were completed that resulted in two-
stage softening with high lime and soda
ash chemical doses. The two-stage soft-
ening followed by MF/RO would be an
effective treatment process, but the high
chemical doses and potential complex
operations for the power plant staff led
to further investigations.

A modified budgeting timetable
allowed for evaluation of emerging tech-
nologies. A vibratory shear enhanced
processing (VSEP) membrane technol-
ogy that used little to no chemical pre-
treatment, required minimal manpower
to operate and provided high-quality
product water was applicable to the
PPLM Colstrip conditions.

VSEP, manufactured by New Logic
Research, uses membrane filtration such
as nanofiltration (NF) or RO with one
fundamental modification. The filtration
method incorporates torsional vibrating
action to hinder contact fouling of the
membrane. The vibration discourages
sustained corruption of the membrane’s
pore structure by solid matter. The abil-
ity to separate concentrated solid solutions
from water alleviates the chemical coag-
ulation and precipitation pretreatment
requirement inherent to RO technology.

Pilot-Testing Results

A pilot test was conducted during the
period from late June to late October
2008. The pilot was run in different
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modes to determine the optimum system

operation. The approach was to start at a

low recovery and work toward the highest
recovery achievable in which the required
cleanings were at least five days apart.

It was found that 75% recovery at
210 psi achieved the desired permeate
quality with cleaning required about
every five days. Figure 1 shows the feed
water, permeate and concentrate water
quality at the optimum pilot unit set-
tings. The permeate conductivity of
1,400 pS/cm using an NF membrane is
adequate to introduce permeate into the
raw water feed to the plant. The con-
centrate conductivity averaged about
10,500 pS/cm. The concentrate of this
water quality can be routed to one of the
onsite evaporation ponds that has a con-
ductivity of more than 15,000 pS/cm.

It had become evident a few weeks
into the pilot study that the VSEP tech-
nology was going to meet the water
treatment goals based on the water qual-
ity and flux. A full-scale plant design
was initiated to include five VSEP NF
membrane modules (expandable to eight
modules) plus all of the ancillary compo-
nents. Results of the pilot indicated that

one membrane module should treat an
average of about 45 gal per minute with
a 75% recovery.

The NF-270 NF membranes
selected are not capable of rejecting
monovalent ions such as sodium and
chloride. If the feed water character-
istics change in the future or if the
permeate conductivity is not reaching
desired water quality, different mem-
branes may need to be investigated.

Short-term piloting with energy-
saving polyamide RO membranes showed
significant ion rejection, but the pilot
needed excessive cleaning when using
these membranes. Another approach
taken was to plan for the future instal-
lation of a traditional spiral-wound RO
membrane system following the VSEP
process. This would allow for removal
of the larger ions in the VSEP units and
polishing for monovalent ions in the RO
polishing stage, resulting in a very low
permeate conductivity without extensive
cleaning of the polishing membranes.

Performance & Projection
The installation of the VSEP

membrane system resulted in a

technology that would successfully
meet the goals of the project. The full-
scale VSEP installation currently is
providing the following water quality:
an average conductivity of 1,600 pS/
cm at 75% recovery.

This permeate water quality allows
the water to be used at various points
in the power plant process. The addi-
tion of the two additional full-scale
plants in successive years will result in
a net treated water volume of about
750 million gal over the next four to
five years, effectively reducing the stor-
age pond inventory.

Nathan Kutil is a project engineer for

HDR Eng. Kutil can be reached at nathan.
kutil@hdrinc.com or 406.532.2239. Craig
Habben is senior project manager for HDR
Eng. Habben can be reached at craig.
habben@hdrinc.com or 605.782.8101.
Jake Ostrander is project engineer for HDR
Eng. Ostrander can be reached at jacob.
ostrander@hdrinc.com or 406.651.6612.

For more information, write in 1103 on this
issue’s Reader Service Card or visit www.
wwdmag.com/Im.cfm/mt031103.
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