Underway “clean” seawater system

Science needs: (Underway transects/ mapping)

* biogechemical cycling of bio-nutritive trace elements of bio-inhibitors
* sea/air interactions and atmospheric deposition

* pollutants

* organic biomarkers of surface ecosystem status

What is meant by clean??

* ability to accurately measure low levels (~10 5 per liter) of natural and
pollutant elements (and their isotopes) and organic compounds in surface
waters

* non-toxic seawater with ambient microbial concentrations to supply sensitive
biological studies/experiments



UW System components:

* Pipe and fittings
e Pump
e Intake system

Science Requirement:

SYSTEM COMPONENTS DO NOT INTRODUCE
CONTAMINANT METALS OR ORGANIC COMPOUNDS

(1) NO contact of wet-table surfaces with metallic parts

(2) Components do not leach elements or organics



Materials Comparison

MATERIALS Chemical Compatibility/ Physical Properties Price Comparison

PVC (Polyvinylchoride) « leaches plasticizers * ($4-5/ft 1" Schedule 40)
» leaches organo-Sn, Cu, Zn, other stabilizers used in manufacturer
« leaches organics, etc. from joining solvents

« not "green” manufacture releases vinyl chloride, dioxin, pollutants
» releases HCI and dioxin when burned

PP (polypropylene) = better, leaches plasticizers, UV stabilizers or antioxidants ** ($5-6/ft 1" Schedule 40)
Standard grade = joined using socket fusion or fitted connections
< low flammability materials available

High Purity PP = virgin material, no added plasticizers, UV stabilizers or antioxidants *** ($8-10)
Www.ipex.com = extremely low organic leachables

www.orionfittings.com/highpurity.asp |= metals generally below detection limit
= smooth walls reduce turbulence and impede microbial growth
= low flammability materials available

PVDF aka KYNAR = no detectable leachables (purity for aqueous comp. To Teflon)
(polyvinylidene fluoride) « smooth walls reduce turbulence and impede microbial growth Fxxxk ($30-40)
= high density so more durable than PP, better for high impact appl.
= highly abrasion resistant

Lined Pipe (Teflon/PVDF/PP) = highest purity and resistance to chlorinated flowstreams e
http://www.resistoflex.com = Teflon poor abrasion resistance, danger of surface tears
http://www.marspec.com = PVDF best durability and abrasion resistance

(fabricator)




Inappropriate pipe joining methods introduce contamination

Purity Level Joining Methods Description
Threaded metal components may cause leaching of contained metals, local
Threaded . . ; . ,
X L4 . stagnation of fluid flow and may produce potential sites for bacterial growth when
Metal Joints . ) )
used with high purity water.
X ~ O Soldered Oxidation at welded, braised or soldered metal joints can cause contamination
Metal Joints when exposed to the high purity water.
X e e o Solvent Solvent welded plastic joints, unless carefully made and cured, can contribute
Welded Joints contamination to high purity water.
Socket fusion is a simple process of melting and fusing components
g e e o> Socket Fusion togetljer resulting in a clean homogen'eous ]omt.. As kno compququ are
used in the process, sources of material contamination are eliminated.
For these types of applications, socket fusion is the joining method of choice.
eeee threaded (useful for elbows areas which need periodic cleaning)




Pump wetted surface must have no contact with metals

PTFE Lined Chemical Process Pumps

PTFE lined chemical process pumps are not only extremely corrosion-resistant but also of very high quality and
reliability. They are therefore used throughout industry for applications to pump dangerous, toxic and pungent media
such as acids, alkalis and contaminated solvents containing solids.

S (Magnetically
IHF Teflon-lined Centrifugal Fump

| o _ coupled PFVD-lined
Centrifugal pumps of IHF model are designed on international standards. Pump body is of metal case with
fluoroplastic liner inside. Its impeller and pump cover are made by pressing metal insert with fluoroplastic Ce ntr i fu g al p u m ps
around it. Shaft seal is of the advanced outer-built type of mechanical sealing with corrugated pipe, stationary
ring is of ceramic of 99.9% aluminum oxide; moving ring is of F4. they are strongly hard and good comosion used On N OAA UW
resistance, and can resist any density of strong acid, strong alkali, strong oxides agent and organic agent.

System on Explorer

of the Seas)

Structure:

1 Pump body: Fluoroplastics lined

2 Impeller: Fluoroplastics lined

3 Adjusting ring: Fluororubber

4  Mechanical Seal: Polytetrafluoroethylene-aluminum oxide

Magnatex® ME Series-PVDF Lined Pump

Type: Anti-wear Pump PVDF Lined-MESeries Texel® ME Series are
. £ - ; dependable, durable
Wetted parts: PTFE lined » Max Flow: 90 gpm lined magnetic crive
Flow rate: 05~551s * Max Head: 140 Feet pumps. They are the
Head: 16~25m s Temperature:32° F - 195° F soi:t_ion ff(I:r!owlo )
0 . H medium Tiow COmosive
Rotation Speed: 2900 RPM * Working Pressure: 70 psig

fluid applications.

More Info Quick Quote Pump Selection Tool

Diaphragm Pumps

Type: Diaphragm Pump

Operation:  Pneumatic, Electric

Wetted parts: PVDF, RPP, Stainless Steel, Al alloy
X Flow rate: 0.5~ 30 m3/h

Head: 0~50M




Maintenance Requirements

» System must be designed to be cleanable
* Routine maintenance and cleaning to remove biofouling

 Periodic aggressive cleaning/dissasembly to leach any contaminants

Recommendations and lessons learned:

* PP, PVDF and Teflon (less so) nonporous and most resistant to biofouling
* isolate system in polluted or nearshore areas

* No elbows- sponge scrubber system can be

» Threaded parts where required for dissassembly

 Ability to rinse/isolate system or leach with deionized water (or weak acid,
cleaning solutions (e.g ball-valves)



Safety and Compliance Issues

 Rich Findley mentioend ABS inspectors required no plastic
under water line for SJ intake- lined pipe or double
containment necessary to pass inspections????

 Flammability (toxicity)
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ENPURE High Purity PP STATIC LEACH TEST

Table 1: Static Leach Test results comparing Enpure to

Translucent Blue PVC and Type E-2 water requirements.

Element

TOC
Fluoride
Chloride
Nitrate
Phosphate
Sulfate
Aluminum
Arsenic
Barium
Calcium
Chromium
Copper
Lead
Magnesium
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Tin

Zinc

Detection | Type E-2

Limit
(x10-8)
2
0.2
0.02
0.05
0.05
0.05
0.005
0.02
0.001
0.05
0.003
0.005
0.005
0.002
0.005
0.005
0.01
0.7
0.003
0.006
0.002
0.006

* below detection limit
- not required by test method

- bold indicated noncompliance with the standard.

Water Req
(x10-8)

5
0.1
0.1
0.1
0.1

Enpure
x 10-8
@ 73°F

5

Blue PVC
x10-8
@ 73°F

150

*

0.74

Typicals industrical applications for
18 ohm ultrapure water

Static Leach Analysis

This test represents a process shutdown scenario where the
piping system would be offline for a given amount of time.
Higher concentration levels of trace elements would leach out
of the piping system due to the stagnant process water.

This test utilized 18.2 MegGhm-cm UPW and Enpure
Schedule 80 — 1" diameter by 16" long pipe samples
(approximately 47 square inches of wet surface
contact area).



Riontite for High Purity Piping Systems

Riontite® Mechancial Joining System is our
easiest to install high purity joining system.

The Rigniae® high puity mechanical joindg sysbem makes
ristallation eacy, Avadalle in whibeing polgpropylene and PVDE 1
syatem incarporatis fitkings with mala theeads ard a Tace saal Tor tha
end of the pipe, A nul is iscluded which, when tightenad on tha @ad
ol the Mting, achivates the saaling and locking Teatuees ol tha
Rigritited syshem

Features:

® Easy 1o install ever urder the bench and in the air

® Np disolaced materials

- Eiagged with insLructions in each bag

® Diggirnilar rmaterial in mas diminates creap and Lok Mo
® Fortability

® Boad and coivice Tree join

¥ maximum sysiem warking pressure s 150 psi @ 737 F




Polypropylene piping for high purity systems

Our Whiteline systemns for high purity piping are manwfactured from
oure wirgin unpigmented Type [ homopolymer palypropylene. Ho
anti-axidants, pigmenis or ather foreign substances are added ta the
ressin in the manutfacture prooess. This manwfacturing process
aroduces an sysem that can e relied an in your Righ puriby
situatians.

Orign Stardardlire systerms are marwlfasiured Fom wingin Teps [
capdbyies polyprapy e

Polypropylene demonstrates these advantages:

- Speciic Gravity-pelyprapyland is the Bghtest ol all plastacs,
wighing approximately tao-thirds ag moch as MY and
org-gighth as much as steel

® Tenzie Strength-patypropyiene |s the strongest af the palvalefin
resins. This strergth is retaired ower a wide rangs of
temaeratures. A 200°F the tensile skrength is 1700 psi.

® Floxural Strengtn-polyaropylens s classed a5 a riged plastic

Hardnecs-palypropylens indicales good abrasion mesislance,

® Heat Distortion-the hest distortion temperature of palvprogelens
Is the nighest of all the low-cost plastics. Iks meximum use
temperature s higher than ather pohvalefins, PYC, and other
lowy-coest plastics,

# Thermal Propeties-pelyprapylens is one of the best plastic insulators,

Electizal Praperties-1hess are fated axcellent,

® Impact Srengtn-polyoropylene bas an inkermedizbe impact strengtn with respect
to mormaal and impact FYC. Impect deoeases with lower temperatunes.

* Llpaviolel Stabily-Nane, Orice high purily systems canlain g ulirasiohs] inhibingr
arsd Cherefore mush be profected from Srect sutlight or ullnavanbe] rys,

® pEurm Charactenstics-Palyproowkene = classed as slow burning. 18 s stress-crack
registant unlike lnear pakeethylens,

www.orionfittings.com/highpurity.asp

Polyvinylidene Fluoride (PVDF)

Qrign’s Uitra high purity sysiem is Tar these eritazal high purity liguid transpamation
Situatiang when wog absclubely, positively fannct Dokerale axlractalles, L is
marulaiyred faam 100% purg, wirgn, KYNARE PVIF (Pokecinylidans Niaarda] mesin,

Features:

[ ]

Her-leaching-PIF adds no detectable leachants ar cther contammants o
silulicns,

Smoath walls-The extra smiooth 'walls PYDF produces hielp assure turbulent-free
fliorer of liquids and prevent the collection and bresding af fungl, bacteria and other
bicdogical impuritees,

Chemical resstanoe-PYOF offers excelent chemical resistanoe bo: weak acids,
surong ados, odidizing acids, miked aods, crganic salvwents and many aggressee
gases. Such resistarce makes £ an deal chelce far severe applications such as:
chemical; oosmietic; pharmaceutical; egucational; medical.

Exterdded aperating range-PWOF is able [o maindain a high degoee of its strerglh
ared chernical resstane within a temparalure fange of -40°F 1@ J80°F
Durablify-FYDF's high density (up to twice as dense as polypropylens) means &

can t2koz lots of abuse. That makes it an ideal chaloe In wisration-or impact-prone
applcations,

aqing amd stability-FVEDF Is designed to withstand direct swnlight-or be
bursesd-whille retaining its phrysical propertees for a3 minimom of 20 years.

Furgus résistanoe- PUDF will nol support gromth of fungi when fesbed By Method



Faucets

Laboratory Faucets for High Purity Piping Systems

Countertop and wall mounted faucets for High
Purity Systems

Qirign has a comphete ling of Countertap and wall mounted Labgratary

Faucels actratled By B GQuick Lurm neddhe valve, Labaratery Tauoets arg
akso availalile with @tegeal vacuwem breakers ard segirculabing fawsels
High purity labaraiory fascebs ang available in whiteling polypadpylers
and polyairpidene fMucride PYDF materials,

Qrign’s faugets Runve Bean piilized in rurdreds of Pospfals arnd
regagrch laboralgries gingg 1965 prood: thal they meprasant your best
FivBsEmEnt in Fgh purily [Fansportation prodissts




