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Why Talk about Membrane Filtration Now?

® You told us to!!

&
m [t 1s very timely
¢ Economy-induced “pause” @
Decent experience base )
Almost a default option
A VERY different animal

Careful application required

Bumps i the road

Still evolving technology

More collaboration would benefit folks
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Membrane Filtration Basics — It’s a Strainer!
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Membrane Filtration Considered an Absolute Barrier to Most Pathogens

Membrane Filtration Does NOT Remove Dissolved Constituents



Membrane Filtration Basics — Filtering Process

. “Clean” Filtered Water
Synthetic membrane mat’l

¢ Polymers have dominated
¢ Polypropylene (PP)
¢ Polyvinylidene
di-fluoride (PVDF)
Pores < 0.2 microns
Hollow fiber geometry
Fibers bundled into modules

Module 1s the smallest
increment of membrane
filtration capacity you can
buy

Water Flow:
Outside = Inside

Module Cut-away
Membrane Fiber _—

Surface




Membrane Filtration Basics — Building Blocks
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Membrane Filtration Basics - Backwashing

Filtered Water or
Compressed Air

m Backwashing removes

: To Drai
accumulated solids at the © Lrain

membrane surface - E -
m Typically includes S >y
¢ air & water I H
o reverse flow s e
o feed-side scour e L
a Automated YR
® Frequent _:_:_:_:_: :_:_:_:_:_
¢ every 15 to 120 min. T 11 Dislodged
m Brief T T Solids
¢ 2 to 3 minutes Air or Water givr:ed
Feed Side T T




Periodic Clean-in-Place (CIP)
events required

Chemical soaks
Remove adhered foulants:
¢ Mineral scales
¢ Natural organic matter
Reduce TMP
Two types
¢ “Maintenance Cleans™
¢ “Full CIPs”
Includes one or more of:
¢ Soaking, recirculating, acrating
“Infrequent”
Semi-automated

Membrane Filtration Basics — Chemical Cleans

Maint- Full
enance CIP
Clean

Frequency | Daily to |2/week to

Bi-wkly. 1/year
Soak 30to 60 | 1 hour to
Duration minutes | overnight
Time 1 to2 3 to 24
Off-line hours hours
Water Ambient 25 to
Temp. to 25 C 40 C
Typical CL, or Caustic
Chemicals Acid Acid

CL




Membrane Filtration Basics — Integrity Testing

m Direct testing vs. Indirect monitoring

¢ Pressure decay test vs. particle counting

8

Hollow Fiber
% Membrane
o Integral Membranes {Baselhee)
ﬁ %  Membrane
: ' Breach
',.":'- P g
Pressurized \ e
O Air
g Breached
Membranes
1

The departure in pressure decay rate from
the baseline indicates integrity breach



Membrane Filtration Basics — System Types

Submerged, Vacuum-driven

Membranes
Strainer o
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Feed l

Pump  Residuals
(or gravity)




SGM’s Membrane WTP Survey

m Visited 10 facilities (collected data on 3 more)
m Interviewed operators
¢ General plant & membrane info.

Source water quality

Operations; backwash, CIPs, and MITs

Equipment maintenance, performance &
reliability

*
¢ Membrane performance: TMP, capacity
0
®

¢ Supplier support & service
¢ Satisfaction questionnaire



Colorado Western Slope Membrane Filtration
Experience Is Significant & Growing Steadily

Owner Yr. of | Membrane | Rated System Source

Install | System | Capacity Config- Type
Supplier | (MGD) | yration

Grand Cnty. W&SD #1 | 2000 Memcor 0.5 Pressure Creek

(Little Mac WTP)

Winter Park W&SD 2001 Memcor 1.5 Pressure Creek

Town of Basalt 2002 Pall 0.5 Pressure Springs

Town of Carbondale 2002 Memcor 1.0 Pressure Wells

(Roaring Fork WTP)

Red Sky Ranch / Hol- | 2002 Memcor 0.33 Pressure River

land Creek Metro. Dist.

Eagle River W&SD 2002 Memcor 1.5 Pressure Creek

(Gore Valley WTP)

Upper Eagle Reg. WA [ 2002 Pall 5.0 Pressure River

(Edwards DWF)




Water Utilities Surveyed, Continued

Owner Yr. of | Membrane | Rated System Source
Install | System | Capacity Config- Type
Supplier | (MGD) | yration
Town of Redcliff 2003? | Memcor 0.10 Pressure Creek
Town of Oak Creek 2004 | Memcor 1.0 Submerged Creek
Town of Silt 2005 Memcor 1.0 Submerged River
Mesa Verde NP 2006 Pall 0.5 Pressure River
Town of Palisade 2007 Pall 2.3 Pressure Springs
Grand Cnty. W&SD #1 | 2007 Memcor 1.5 Submerged Creek
(Big Mac WTP)

13 TOTAL MEMBRANE WTPs COVERED IN THIS SURVEY




Other Known Membrane Filtration Systems
Not Surveyed (data are approximate)

Owner Yr. of | Membrane | Capacity System Source
Install Mfgr. (MGD) Config. Type

Town of Parachute 2006 Memcor 0.5-1.0 Pressure River
Town of DeBeque 2006 Memcor 0.5-1.0 | Submerged River
Town of Dillon ? Memcor ? Pressure? ?
Town of Ridgway 2006 Memcor 0.5 Submerged? | Reservoir
Town of Crested Butte | 2007 Pall 2.3 Pressure Creek
A-Basin Ski Resort 2007 Memcor <0.1 Pressure ?

Over 20 Membrane WTPs on Western Slope Today




Source Differences =2 Process Differences

Basalt (springs) Grand County W&SD #1 Red Sky Ranch (river)
(2 WTPs with creeks) - Coag. & GAC

Carbondale (wells) Winter Park W&S (creek)  Mesa Verde NP (river)
- GAC

Palisade (springs) Silt (river)
— coag. & settling

Redcliff (creek) UERWA (river)
- pre-oxidation,
coagulation & settling

Oak Creek (creek)
Gore Valley WTP (creek)
6 WTPs

= Increasing plant complexity 2>




So, How Is 1t Going?

m We asked the folks on the front lines:
¢ |1 = Very dissatisfied
¢ 2 = Dissatisfied

¢ 3 = Satisfied
¢ 4 = Very satisfied

B Average overall satistaction level with their
membrane filtration systems: 3.9



Would you choose membrane filters again
for this WTP?

75% of these

are WI'Ps 30%
with multiple

water quality Consider

challenges Other 70%
Definitely

Would

0%
Definitely
Would Not




Why Folks Are So Satisfied....

m “You can walk away from it and have the
confidence to sleep at night. It’s highly reliable.”
— Frank, Town of Palisade

m “Nothing is totally bomb-proof, but this is as close
as we have come.” — Scott, Eagle River W&SD

m “There is no more sleeping at the plant and doing

jar tests at 2 AM during spring runoff.”
— Dan, Winter Park W&SD



Digging deeper....highest satisfaction items

Filtered water quality consistency w
Filtered water quality |

Energy use

Water efficiency

Ability to run unmanned

CIP frequency

Integrity testing performance

Overall operational ease

e
e
e
—
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—
e
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Control systems performance
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Powerful controls systems and reliable
effluent quality carry the day...

m “You cannot screw this plant up contr()ls wise.
The control systems won’t let you do it.’

— Mark, Town of Carbondale I. )

m “If you have electricity, you will get clean water

coming out; there is not much guesswork.”
— K1is, Grand County W&SD #1

m “There is a lot of consistency. There is no finished
water quality sensitivity to runoff. It protects itself
from anything.” — Scott, ERWSD



System Production Capacity

m Actual membrane system capacities approach
manufacturer ratings in most cases

® Many systems have NOT been pushed yet

B In the three submerged membrane plants visited,
capacity falls short of expectations

¢ Fouling and TMP limitations; cold water
¢ Required downtime for backwashes & CIPs



System and controls complexity and steep learning
curves have been challenging...

m “We can’t fix the thing on our 54"
own. It is this giant pyramid ||)'}.3%
of technology, and we are
teetering on top of it.”
- John, Town of Oak Creek

m “There are alarm systems for everything, but 5

different things could have caused a given alarm!”
- Andrew, Eagle River W&SD



m “It takes more skill than you’d
ever guess. The complexity
leads to a big learning curve.”

- Mark, Town of Carbondale

‘m “As long as everything is
working, anyone can run it.
But, if there are problems,
they can be tough to solve. It
takes good understanding to
be able to troubleshoot it.”

- Kris, GCW&SD#1




Lessons Learned — Controls Systems

m Require thorough, well-executed training

m Require all aspects of the controls system to be fully
functional before startup technicians leave your site!

®m Go through as many CIPs upfront as it takes to
demonstrate related controls work!

m Be sure all skid-mounted panels are fully water-protected
—> lot’s of leak/spray potential

m Get the help you need
¢ Other folks with your system -
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¢ Supplier-licensed contractors L_(s,
¢ Pall — CO Water Well
¢ Memcor — Hydrologx LEEEEEEERL PR

¢ Other I/C & elec. contractors T



Lessons Learned - Complexity

m Licensing requirement may only be a “C” or a
“B”, but this does not mean there 1s no value 1n
having highly-skilled, technical operators

m For systems with high staff turnover, simpler
technology or robust training budgets are worthy
of consideration

m Challenge may diminish over time with more
installations and operator familiarity



Digging deeper....lower satisfaction items

Supplier field services
Production capacity

CIP effectiveness

Chemical hazards

Overall mechanical reliability
Supplier overall support
O&M manual

Fiber repair process

—
——
—
EEEE——
—
—
—
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Supplier warranty honoring
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Strainers, Compressors, and Chemical
Systems Generate the Most Complaints

Major pumps
Blowers
Instrumentation
Membrane modules
Valves and actuators
Control system/PLC
Water heater
Pre-strainers

Air compressors

| | | | | | | | |

CIP chemical systems
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The most common membrane WTP operator
headache cause thus far...Air Compressors!

m Adequate supply of clean, dry air 1s critical!
m Air compressor reliability 1s key!
m The systems’ Achilles Heel to-date
+ Maintenance intensive
¢ Frequent failures
¢ Multiple failure modes
¢ Issues w/auto-restart
¢ Not enough redundant units
+ Easily leads to >24-hr. downtime
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Lessons Learned — Air Compressors

Consider alternative to standard Atlas-Copco
Require auto re-start after power interruption
Consider a UPS
Consider elevation de-rating when sizing
Install a fully redundant unit
Get extra training
Maintain drying and oil separation units
Know proper oil filling process
Provide good access around units
Have tight specifications on:

+ Extent of startup training

+ Warranties

+ Spare parts
m Get a maintenance contract with

“Power Service” (303) W ‘ﬁ o e

m  Go simple if need to ‘ & B >




Nobody’s gotten hurt yet, but there’s too
much chemical exposure out there

m CIP and CIP neutralization
¢ Up to four or five chemicals

m Install good chemical storage
& feed systems for these
processes

= Minimize chemical handling




Module/Fiber Life Has Been Mixed
®m Modules replaced in 4 of 13 WTPs

m Average lifespan for those: 5 years
m Varied Reasons:

¢ Fiber mtegrity loss (1)

¢ Excessive fouling (1)

¢ O1l contamination (1)

¢ General O&M neglect (1)

m Manufacturer has often taken partial $
responsibility




Membrane Integrity Experiences

m Automated integrity
testing systems recerved
high marks

m Integrity degradation only
an 1ssue to-date 1in a few
early installations

m Most folks “pin™ fibers 0
to 2 times/year




Leaking fiber 1identification and repair has
been simpler 1n these types of systems

Repair Time:
< 2 hours

SRRV TR T
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It has not been so simple 1n these....

Pinning time: > 72 Day

- Can’t see bubbles
- Stethoscope required
- Module access can be difficult




Control of Membrane Fouling Has
Been A Challenge in Some Cases
m “Irreversible fouling” observed in 5 of 13 WTPs

¢ Neither time 1n-service nor cumulative volume
filtered are primary factors

¢ 4 of 5 are on creeks or rivers
¢ 3 of the 5 feed coagulant

¢ 4 of the 5 have PVDF fibers
¢ 2 of 3 for submerged units

¢ 3 of 4 for “river’” sources




Coagulant Feed = Faster Fouling

m Rate of TMP rise 1s faster

m More frequent CIPs required

¢ quarterly to annually
to

+ monthly or more frequently

m CIP process optimization required



Proper membrane cleaning 1s critical to
system performance and membrane life

Expect initial recommended approach
will NOT be optimal for your plant!

¢ Often 1s NOT effective enough!
¢ May be overkill

Track your TMP!
¢ Rise rate between cleans
¢ Reductions and final value with each clean

Work with your system supplier to make adjustments
+ temperatures, pH values, concentrations, durations

Perform CIPs as frequently as required to stay trained!

Be sure to consider the implications of time off-line required with on-
board water heating in some submerged systems



Cleaning Optimization Successes

Grand County W&SD #1
¢ Coagulant - rapid TMP rise
¢ Std. CIPs not restoring TMP
+ Extended soak to overnight

¢ Custom-fit blueboard to
increase rate of water heating

¢+ Employed annual end-of-
summer clean with new chem.

¢ TMP fully restored
+ Looking to Clearlogx to inhibit fouling

Others

+ Extending soak times, modifying frequencies, using
different chemicals for different process conditions



Other Membrane Cleaning Tidbits

m Granular citric acid: less expensive, easier to store,
but have to batch up

m Cleaning solution re-use:

¢ 1f have a dedicated CIP tank and multiple
membrane skids or frequent cleans > saves $
& time

® [ong membrane racks can
lead to difficulty in rinsing-
-out CIP-dislodged debris




Infrequently-operated membrane WTPs have
additional challenges

m Preserving the membranes from chemical
and biological degradation

m Staying fresh enough to efficiently trouble-
shoot system and peform CIPs

m Valve “stickiness” tendencies



What about that “marriage™ to supplier?....

m “System supplier representatives on
the other end of the phone act like
“you should know how to operate it.”

m “Start-up services were good.” “They are good
when they are out here.” “Sometimes they send
out someone inexperienced.”

m “Training was VERY inadequate. I did not know
what questions to ask - I couldn’t. If I did ask, the
representative would say, ‘You don’t need to know
that.” I had to learn almost everything myself.”



Would you select the same membrane
supplier again?

0%
18% Definitely
Definitely Would Not
Would

82%
Consider
Other




Lessons Learned — Relationships with Supplier

m System complexity, evolving technology, & learning curve
—> need for good relationship with supplier

m For most systems, there i1s no alternative
m Still have to be a squeaky wheel!

m Some suppliers seem to provide better service
¢ consider proximity of service teams

m Reach out to others



Reported Membrane WTP O&M Requirements
m < |-MGD Capacity: 8 to 12 hrs/wk.
m |.5- to 5-MGD Capacity: ~ 20 hrs/wk.

m What one supplier expressed to a customer
was appropriate for their 1-MGD system:

¢ 6 hrs/day Pe



But, the Challenges are Very Different Now!

Conventional Treatment

Meet Turbidity ]\éeet Wczei’
Standards eman A;J

: )y R
Chemical Doses
Flow Rates

Operational Focus = Safe water; violation avoidance
Key Skills Req’d = Process chemistry



A Fundamental Shift In Focus, But Still
Numerous Challenges!

Membrane Filtration

Minimize Membrane

Meet Water
- c Fouling & Damage

Demands
Membrane Cleaning Schedules
Flux Rates

Equipment Maintenance Activities
Chemical Doses (sneaking back in!)

Operational Focus = Keep system running;
minimize membrane replacement costs
Key Skills Req’d = Troubleshooting; controls;
mechanical maintenance



Primary Takeaways

® Membrane filtration i1s the dominant filtration choice on
the Western Slope

m Unparalleled effluent turbidity reliability will keep it
growing = operators LOVE this!

m [t 1s affecting a fundamental change mn the focus of WTP
operations and operator skill requirements

m The systems are complex with steep learning curves and
require technically-skilled operators and tinkerers

B “Marriage” to supplier is a reality



Primary Takeaways

B Membrane filters only remove particles and
pathogens

m Additional processes are often needed for multiple
water quality goals

B Integration with other
Processes requires
consideration of
secondary rmpacts




Membrane Filtration Terminology

m CIP Clean-in-place

m Cell Compartment of submerged membranes run as a unit

m Feed side Upstream side of the membrane with unfiltered water

m Filtrate Filtered water

m Flux Flow per unit area (hydraulic loading rate)

m Foulant Feed water constituent that adheres to surface or pores

m Fouling Increasing TMP due to accumulation of material on the
membranes

m [umens Membrane fiber’s interior cavity

m Module Bundle of membrane fibers acting as a single element



Membrane Filtration Terminology

MF
MIT
PDT

Permeability
PP

PVDF

Rack
Resistance
TMP

UF

Microfiltration — “looser” membrane filter process
Membrane integrity testing — process to check for leaks

Pressure decay test — most common type of MIT;
involves pressurizing lumens with air and evaluating
decay rate

Inverse of resistance

Polypropylene

Polyvinylidene di-fluoride

Group of modules supported and manifolded together
Normalized measure of TMP

Transmembrane pressure

Ultrafiltration — “tighter” membrane filter process



Source Quality Still Dictates Challenge

4

Home Runs: springs & wells
System types: pressure; high flux
Challenges: none

"1 System types: both
"% Challenges: cold water, variable

turbidity; org. carbon & color
Turkey Crk. &
at Redcliff

Toughest: rivers

System types: both, low flux
Challenges: many

- cold water, organic carbon, high
turbidity, iron/manganese,
minerals/salinity, taste/odor

Colorado R. at Silt



