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NOTE: This gui de specification covers the
requirenents for |iquid phase advanced oxi dation
processes using titani um dioxide or hydrogen
peroxi de and/or ozone with or without ultraviolet
light.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
i nsert appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Comrent s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL
1.1 VEASUREMENT AND PAYMENT

Measurenment and paynment requirenents shall be as identified in the Paynent
Schedul e of the Bid Form

1.2 REFERENCES

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
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and title.

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci ficati on when you choose to reconcile

references in the publish print process.
ER R R I I R R R R R I I I R R R R I I I R R R R S S I I R R R S I I I I R R I I R O I I I R R R R R I I I

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AVERI CAN VEELDI NG SOCI ETY ( AWS)

AWS B2.1/B2. 1M (2009) Wl di ng Procedure and Perfornance
Qualification

AWS D1.1/D1. 1M (2008; FErrata 2009) Structural Wl ding
Code - Steel

ASME | NTERNATI ONAL ( ASME)

ASME B16. 18 (2001; R 2005) Cast Copper Alloy Sol der
Joint Pressure Fittings

ASME B16. 22 (2001; R 2005) Standard for Wought Copper
and Copper Alloy Sol der Joint Pressure
Fittings

ASME B16. 5 (2009) Standard for Pipe Flanges and

Fl anged Fittings: NPS 1/2 Through NPS 24

ASME B16. 9 (2007) Standard for Factory-MVade W ought
Steel Buttwelding Fittings

ASME B19. 3 (1991; Addenda A 1994; Addenda B 1995)
Safety Standard for Conpressors for
Process Industries

ASME B31.1 (2007; Addenda 2008; Addenda 2009) Power
Pi pi ng
ASME B40. 100 (2005) Pressure Gauges and CGauge

Attachnents

ASME BPVC SEC | X (2007; Addenda 2008) Boil er and Pressure
Vessel Code; Section I X, Welding and
Brazing Qualifications

ASME BPVC SEC VI D1 (2007; Addenda 2008) Boiler and Pressure

Vessel Code; Section VIII, Pressure
Vessel s Division 1 - Basic Coverage
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ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM B

ASTM B

ASTM B

ASTM B

ASTM B

ASTM D

ASTM D

ASTM | NTERNATI ONAL ( ASTM

182/ A 182M

269

276

312/ A 312M

36/ A 36M

403/ A 403M

53/ A 53M

774 A 774M

778

209

209M

32

88

88M

1710

1785

(2009a) Standard Specification for Forged
or Rolled Alloy-Steel Pipe Flanges, Forged
Fittings, and Valves and Parts for

Hi gh- Tenper ature Service

(2008) Standard Specification for Seam ess
and Wel ded Austenitic Stainless Steel
Tubing for General Service

(2008a) Standard Specification for
Stainl ess Steel Bars and Shapes

(2009) Standard Specification for
Seam ess, Wl ded, and Heavily Wbrked
Austenitic Stainless Steel Pipes

(2008) Standard Specification for Carbon
Structural Steel

(2007a) Standard Specification for Wought
Austenitic Stainless Steel Piping Fittings

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

(2006) Standard Specification for

As- Wl ded Wought Austenitic Stainless
Steel Fittings for General Corrosive
Service at Low and Mbder ate Tenperatures

(2001el; R 2009) Standard Specification
for Wel ded, Unanneal ed Austenitic
St ai nl ess Steel Tubul ar Products

(2007) Standard Specification for Al um num
and Al um num Al |l oy Sheet and Pl ate

(2007) Standard Specification for Al um num
and Al umi num Al l oy Sheet and Plate (Metric)

(2008) Standard Specification for Sol der
Met al

(2003) Standard Specification for Seanl ess
Copper Water Tube

(2005) Standard Specification for Seam ess
Copper Water Tube (Metric)

(2008) Extruded and Conpressi on Ml ded
Pol yt et raf | uor oet hyl ene (PTFE) Rod and
Heavy-Wal | ed Tubi ng

(2006) Standard Specification for
Pol y(Vi nyl Chloride) (PVC), Plastic Pipe,
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Schedul es 40, 80, and 120

ASTM D 2241 (2005) Standard Specification for
Pol y(Vi nyl Chloride) (PVC) Pressure-Rated
Pi pe (SDR Seri es)

ASTM D 2564 (2004e1) Standard Specification for
Sol vent Cements for Poly(Vinyl Chloride)
(PVC) Plastic Piping Systens

ASTM D 3222 (2005) Unnodi fied Pol y(Vinylidene
Fl uori de) (PVDF) Mol ding Extrusion and
Coating Materials

ASTM F 593 (2002; R 2008) Stainless Steel Bolts, Hex
Cap Screws, and Studs

COVPRESSED GAS ASSOCI ATl ON ( CGA)

CRA G4.1 (2009) d eani ng Equi prent for Oxygen
Service

CGA G 4.4 (2003) Oxygen Pi peline Systens

CGA HB (1999) Handbook of Conpressed Gases

| SA - | NTERNATI ONAL SOCI ETY OF AUTOVATI ON (| SA)

|SA 5.1 (20092) Instrunentation Synbols and
I dentification

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

MBS SP-43 (2008) Standard for Wought Stainless
Steel Butt-Wlding Fittings

MBS SP-58 (2002) Standard for Pipe Hangers and

Supports - Materials, Design and
Manuf act ur e

MBS SP- 69 (2003; R 2004) Standard for Pipe Hangers
and Supports - Selection and Application

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NENVA 250 (2008) Enclosures for Electrical Equipnment
(1000 Vol ts Maxi mum

NEMA | CS 6 (1993; R 2006) Standard for Industrial
Control s and Systems Encl osures

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)
NFPA 55 (2010) Standard for the Storage, Use and
Handl i ng of Conpressed Gases and Cryogenic

Fluids in Portable and Stationary
Cont ai ners, Cylinders and Tanks
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NFPA 70 (2008; AWVD 1 2008) National Electrica
Code - 2008 Edition

3 SYSTEM DESCRI PTI ON

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

NOTE: This paragraph should be edited to identify
the appropriate contam nants of concern as well as
those paraneters which potentially inhibit the
process as indicated in ETL 1110-1-161

ULTRAVI OLET/ CHEM CAL OXI DATI ON dated 29 March 96.

Effluent linmtations are generally dictated by
regul atory requirenents. List the perfornmance
requirenents in this specification and cross
reference Section 01 35 45.00 10 CHEM CAL DATA
QUALI TY CONTROL for the anal ytical and sanpling
pr ot ocol s.

If this specification is used as part of a Request
for Proposals, the designer should identify maxi num
val ues for power and oxi dant usage based on bench or
pilot studies and include this information in

Par agr aph Per f ornance Requirenents.

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

Provide the AOP including all items necessary as a conplete systemfor
removal of those chemicals identified belowto the |evels indicated.

Equi pnent includes, but is not |imted to, AOP contact vessels, |anps when
required, piping to units upstream and downstream of the contact vessels,
oxi dant feed system gas em ssion treatment, controls, accessories and
equi prent to provide conplete and functional systemwthin the limts
identified. Analytical and sanpling protocols shall be as specified in
Section 01 35 45.00 10 CHEM CAL DATA QUALI TY CONTROL.

3.1 Desi gn Requi renents
a. Mninumequi prent life [20] [____ ] years
a. Max. equi pnent di nensions [As shown on the drawings] [__ ]
thinun1ACP react or [ 1 kPa ps
operating pressure
Reactor inlet pipe diam [ 1 mrinch
Reactor outlet pipe diam [ 1 mrinch
Max. cooling water tenp. [ ] degrees CF
Max. cooling water flow rate [ 1 L/'s gpm
Max. ACP influent flow rate [ 1 L/'s gpm
M ni mum r eact or vessel [ ] minutes

Detention tine

Max. liquid tenperature rise [ ] degrees C F
Across AOP reactor
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1.3.2 Per f or mance Requi rements
a. Influent characteristics:

I norgani ¢ Constituent Concentration

I ron (Fe2+) [ 1 nmy/L

HCO3- (as CaCB) [ 1 nmo/L

[ 1] [ ] my/L
Organi ¢ Constituent Concentration

[ 1] [ ] ug/L

pH [ 1 units

Total Organic Carbon (TOC) [ 1 nmy/L

b. Effluent requirenents:

Organi ¢ Constituent Concentration

[ 1] [ ] ug/L
Total Organic Carbon (TOC) [ 1 nmy/L
pH [ 1 units
Maxi mum ef f | uent tenperature [ ] degrees CF

c. Efficiency factors:

Ozone usage [ ] no/L
Hydr ogen peroxone usage [ 1 nmy/L
Power consunption [ 1 kwL
[ Cat al yst usage] [ ] no/L

1.3.3 Treatability Testing

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: This paragraph should be deleted if previous
treatability studi es have not been conducted. The
system paraneters used during the treatability study
may not duplicate the system proposed by the
Contractor. The previous treatability studies
shoul d be properly docunented to include the

i nformation contained in ETL 1110-1-161

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

The previously conducted treatability study information contained in
Appendix [ ] is provided for the Contractor's information. The study
results indicate [ultraviol et oxidation] [peroxone] [__ ] is capable of

SECTI ON 44 44 53 Page 9



1.

neeting the criteria in paragraph Performance Requirenments above. Evaluate
the applicability and adequacy of the treatability studies and results
provided. |f deened necessary by the Contractor, additional studies may be
performed at the Contractor's expense to confirmthe previously conducted
treatability study and results. Based on the Contractor's own
interpretation of the previous studies and results, and additional studies
and results the Contractor elects to perform the Contractor shall provide
a full scale treatnment plant which neets the requirements identified.

4 SUBM TTALS

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the mininmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
subnmittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO' for
Resident O fice; and "PO' for Project Office. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval . ][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
CGovernment.] The follow ng shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Shop Drawings[; C[; G [____ 1]

AOP Systen[; C[; G [____ 11

Air Preparation Systen[; C[; G [____ 1]
Oxygen Generation Systen[; C[; G [___ 1]

LOX Storage Systen[; C[; G [

SECTI ON 44 44 53 Page 10



Ozone Ceneration Systen[; CGI[; G [___ 11

Reactor Vessel[; CG[; G [___ | 11

Metering Punp[; ClI[; G [___ 1]

Local Controls and Panels[; CGI[; G [____ 11
Liquid Process Tank[; C[; G [___ 11

Mai ntenance[; CG[; G [____ 1]

Dr awi ngs showi ng shop and erection details and cheni cal
application locations; including cuts, codes, connections, holes,
bolts, welds, anchorage, installation details, wring diagrans,
schenmati ¢ di agrans, conponent identification tables and directory,
and cl earances for mai ntenance and operati ons.

SD- 03 Product Data

ACP Systen[; C][; G [_____ 11

a. Manufacturer's descriptive and technical literature;
performance charts and curves, catalog cuts for specified
equi prent i ncluding: instrunentation and controls; capacities and
pressure drop; nodel nunber; and installation instructions.

b. WMaterials of construction; inlet and outlet pipe sizes;
power demand requirenents; and ozone generator cooling water flow
rate.

c. Spare parts data for each piece of equipment, current unit
prices and source of supply.

d. Manufacturer's descriptive and technical literature;
performance charts and curves, catalog cuts for specified
equi prent i ncluding: instrunentation and controls; capacities and
pressure drop; nodel nunber; and installation instructions.

e. Materials of construction; inlet and outl et pipe sizes;
power demand requirenents; and ozone generator cooling water flow
rate.

f. Spare parts data for each piece of equipnment, current unit
prices and source of supply.

Calculations[; C¢I[; G [____ 11

a. Headloss calculations through the process units at the
design flow rate, including headl oss cal cul ations for associ ated
conpressed air and punpi ng systens.

b. Oxidant dermand and subsequent ACP unit si zing.

c. FElectrical usage rate.

d. Renoval performance and material mass bal ance.

e. Chenical feed requirenents and equi pnent sizing.

f. D ffuser systemlayout, mass transfer cal cul ations.

Conmi ssi oni ng/ Denonstration Plan[; C[; G |
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A plan detailing the sanpling l|ocations, frequency, analytical
protocol s, and duration which will ensure the equi pnent conplies
with the standards indicated. Subnit the plan to the Contracting
Oficer [ ] [30] days prior to equipnent start up. Coordinate
work within this section with other sections to ensure upstream
and downstream unit processes are conplete and operational prior
to startup/conmi ssioning the AOP unit.

a. Headloss calculations through the process units at the
design flow rate, including headl oss cal cul ations for associ ated
conpressed air and punpi ng systens.

b. Oxidant demand and subsequent AOP unit sizing.

c. FElectrical usage rate.

d. Renoval performance and nmaterial mass bal ance.

e. Chenical feed requirements and equi prent si zing.

f. Diffuser systemlayout, mass transfer cal cul ations.
Manuf actured Units

Wring and control diagrams, systems |ayouts and isonetrics,
conmponent identification tables, instructions, and other sheets,
prior to posting. Condensed operating instructions expl aining
preventative nmaintenance procedures, nethods of checking the
system for safe operation, naking adjustnents, and procedures for
safely starting and stopping the systemshall be prepared in typed
form franmed and posted beside the diagrans.

Performance Requirenments[; C[; G [___ 11
Qualifications[; Q[; G [_____ 11

A statenent by the equi pnent nmanufacturer |isting any exception
to or deviations fromthe contract draw ngs and specifications.
Witten evidence that equi pnent and accessories are a product of a
qual i fied and experienced manufacturer. Statenent indicating the
systemis capable of treating the wastes to the |evels
identified. A statenent indicating the operators designated to
train the on site operators have been trained to operate the
install ed equi pnent.

SD-06 Test Reports
Performance Requirenents[; C[; G [___ 11

a. Performance tests results indicating tenperature rise
t hrough the reactor, oxidant dosage, detention time, catalyst
dosage, ultraviolet |ight dosage, anbient gas nonitoring results,
and treatnent systemoff gas nonitoring and destruction results,
equi pnment and anal ytical testing nethods used, and renoval of
constituents identified in paragraph Perfornance Requirenents
stated in mass/unit volume treated relative to the influent
concentrati on.

b. Report in booklet form upon conpletion of the installed
system Test report shall include field tests performed to adjust
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each conponent and field tests conducted to prove conpliance with
the specified performance criteria. Test report shall indicate
t he recomended position of the controls.

SD-07 Certificates
AOP System

Manufacturer's certificates stating that the equi pnent neets the
specified requirenents, and has been installed in accordance with
t he equi pnment nanufacturer's requirenments.

Field Training

Certificates indicating the designated personnel have received
training specified and have successfully operated the installed
ACP equi pnent .

SD- 10 Operation and Mi ntenance Data

ACP Systen[; C[; G [_____ 1]
Mai ntenance[; C[; G |

[Six] [ ] compl ete copies of operating instructions
outlining the step-by-step procedures required for system
start-up, operation and shutdown, routine mnaintenance, potential
br eakdowns and repairs, and troubl eshooting. The instructions
shal | include drawi ngs and schematics of the systemas installed.
The instructions shall include the manufacturer's nane, nodel
nunber, service nmanual parts list and brief description of al
equi prent and their basic operating features. The instructions
shall include, but not be linted to, the follow ng:

a. Systemlayout show ng piping, valves and controls, process
flow diagrans, piping and instrunentation diagrans with al
val ves, nmeters, and sinilar units identified.

b. Approved wiring and control diagrans prepared in accordance
with | SA 5.1 including a drawi ng index, |egend and synbols list,
and abbreviations and identifiers.

c. A control sequence describing startup, how to naeke
adjustnents to the equi pment during operation, standard and
ener gency shutdown procedures.

d. Operating and nmi ntenance instructions for each piece of
equi pment, including lubrication instructions and other periodic
mai nt enance and i nspection information as well as troubl e shooting
gui des.

e. Manufacturer's bulletins, cut sheets and descriptive data,
parts lists, and recommended spare parts, and sources of supply
for all major pieces of equipnent.

1.5 QUALI FI CATI ONS

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: Designer should edit the subsequent
par agraphs and renove requirenments not applicable to
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t he project.
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51 Contract or

Contractor shall have a mininumof [3] [__ ] years of experience in the
construction of water, wastewater, industrial wastewater, or hazardous and
toxic waste water treatnent facilities. The Contractor shall be
responsible for installation and start-up of the AOP equi prent supplied, as
wel | as operator training.

.5.2 Utraviolet (UV) Oxidation System Supplier

Equi pnent provi ded shall duplicate equi pment that has been in satisfactory
service for a mnimumof [2] [__ ] years prior to bid opening. The W
oxi dation system supplier shall be responsible for furnishing a conplete
prepackaged system The supplier need not manufacture the entire system
but shall coordinate the selection, assenbly, installation, and testing of
the entire system as specified.

.5.3 Manuf acturer's Representative

Provi de services, as specified, of a qualified nanufacturer's field
representative experienced in the installation, adjustnent, and operation
of the equi prment furni shed and who has conpl ete know edge of the proper
operation and mai ntenance of the system

.5.4 Welding

Performwel ding following qualified procedures, using perfornmance qualified
wel ders and wel di ng operators. Furnish a copy of qualified procedures and
a list of nanes and identification synbols of qualified welders and wel di ng
operators to the Contracting Oficer prior to beginning any work on the ACP
equi prent .

.6 REGULATORY REQUI REMENTS

The ACP system shall conformto all federal, state, regional, and |loca
regul ati ons concerni ng chem cal storage, air, noise and water pollution
control requirenents.

T PRE- SUBM TTAL CONFERENCE

Assenbl e the primary process designer, AOP equi pnent and maj or component
suppliers, electrical and mechani cal subContractors, and mgjor component
manuf acturer's representatives at [the construction site] [ ] prior to
preparation of the Contractor's AOP submittal for governnent approval.
This neeting is intended to ensure that facility construction is properly
schedul ed; power, control, plunbing, space interfaces are verified; and
responsi bilities coordi nated anong subcontractor's and suppliers and
reflected on the Contractor's AOP submittals.

8 DELI VERY, STORAGE, AND HANDLI NG

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Designer should coordinate with the
Contracting O ficer and user to determ ne
appropriate locations for equi pment storage.

I dentify unusual requirenents either here or on the
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dr awi ngs.
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Del i ver equi pnent free of structural or other danmage and pl ace in storage,
in accordance with the nanufacturer's requirenents, protected from
structural damage, the weather, excessive humidity and excessive
tenperature variation; and dirt, dust, or other contami nants that could

ot herwi se damage its components.

.9 MAI NTENANCE

.9.1 Extra Materials

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE: Delete inapplicable portions of these

par agraphs. Coordinate this section with other
sections of the specifications to ensure there are
not conflicts regarding supplying consunabl es.
Verify the duration of the initial operating period,
which is generally 1 year.

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

Furnish the initial supplies to fill the vessels, as well as al
consunabl es during the startup, prove out, and initial operation period.
At the time the Contractor turns the plant over to the long term Operation
and Mai ntenance Contractor, the vessels storing consumabl es such as LOX,
hydrogen peroxide [and] [__ ] shall be refilled within [twd] [five] days
prior to the plant turn over.
.9.1.1 Lanmps
Provide a conmplete set of |anps reserved for change out by the equi pnent
supplier followi ng the one year warranty period. This extra set of |anps
shall be delivered to the treatnent facility 60 days prior to the end of
the one year warranty period and installed by the Contractor. Lanp
repl acenent during the one year warranty period shall be provided by the
supplier, as needed by the Contractor.
.9.1.2 Spare Parts
The supplier shall provide, in addition to the | anps specified above, a
m ni mum of ten percent of each of the following itens, or a mnimum of two,
whi chever is greater

a. Lanp ballasts

b. Quartz sleeves

c. End seals

d. Socket connectors

e. Orings

f. Quartz sleeve cleaners

g. Diffusers

h. Rotoneters
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i. Cenerator dielectrics

j. GCenerator dielectric fuses
k. pH probe el ement

. ORP probe el ement

9.2 Mai nt enance Service
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NOTE: Delete this paragraph if UV | anps are not
used. The designer may want to provide additiona

i nformati on regarding |anp change out if the system
islimted to a certain |lanp type. Medium pressure
| anps have an approximate life of 3 to 4000 hours,
while | ow pressure | anps have an approxinmate |life of
7 to 10000 hours; certain proprietary, high

intensity lanps may have a life |l ess than 2000 hours.
EE IR R I Sk S S I S S S I R R R Rk I S Sk S I Sk I R R Ik I S I R Sk I O R I

Changi ng out | anps, ballasts, and quartz tube wi pers, at the frequency
recormmended by the manufacturer during the one year warranty period or as
ot herwi se required, shall be the Contractor's responsibility. Lanps and
bal | asts supplied as specified below, shall be provided in addition to the
compl ete set supplied for installation (followi ng the warranty period) and
those installed as needed during the warranty period. The ozone generator
dielectrics shall be cleaned in accordance with the manufacturer's
recomendati ons i mediately prior to the conclusion of the Contractor's
operating period; or after one year, if greater than one year after
startup, and at the conclusion of the Contractor's operating period.

PART 2 PRODUCTS

2.

1 STANDARD PRODUCTS

Provide material s and equi pment which are the standard products of a

manuf acturer regularly engaged in the manufacture of such products and
which essentially duplicate itens that have been in satisfactory use for at
| east 2 years prior to bid opening. Equipnment shall be supported by a
service organi zation that is, in the opinion of the Contracting Oficer
reasonably convenient to the site.

.2 NAVEPLATES

Provi de each najor itemof equipnment with the manufacturer's name, address,
type or style, nodel or serial nunber, and catal og nunber on a plate
secured to the itemof equipnment. Naneplates shall be provided for, but
not limted to, each contact vessel, punps, notors, oxidant equi pnent and
accessories, and electrical conponents such as transformers.

.3 VATERI ALS

. 3.1 Pl at es, Shapes and Bars

Steel shall conformto ASTM A 36/ A 36lv; stainless steel shall conformw th
ASTM A 276, type 316.
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2.

2

3.2 Pi pe and Fittings

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: Designer should coordinate with the oxidizer
equi pnment suppliers to coordinate piping and gasket
mat eri al requirenents.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

Gasket materials for pipe and fittings shall be silicon, or teflon unless
ot herwi se shown or specifi ed.

.3.2.1 Stainl ess Steel Pipe

a. Pipe 100 mr 4 inch and | arger shall conformto ASTM A 312/ A 312,
Schedul e 40, Type 316L with maxi mum carbon content of 0.04 percent.

Fl anged fittings shall conformto ASME B16.5, F316L Cass 150 with 2 mr
1/ 16 inch mnimumthickness silicon, teflon, expanded PTFE, PVDF, or
viton gaskets. Butt weld fittings shall conformto ASTM A 403/ A 403N
and M5S SP-43, Grade 316L, Schedule 10S with full penetration welds.

b. Pipe less than 100 nr 4 inch shall be type TP316, and conformto
ASTM A 312/ A 312N Schedul e 80S for threaded joints, and Schedul e 40S
for welded joints. Flanged joints shall conformto ASTM A 182/ A 182N
F316 or F316L, d ass 150; dinensions and drilling shall be in
accordance with ASME B16.5 with 2 nm 1/16 inch mini numthickness
silicone, teflon, expanded PTFE, PVDF, or viton gaskets. Butt weld
fittings shall conformto ASTM A 774/ A 774N, ASTM A 778, and ASME B16. 9.

c. Liquid tubing 10 nm 3/8 inch and snaller shall be seanl ess
austenitic stainless steel and shall conformto ASTM A 269, Type
TP316. Wall thickness shall be adequate for the pressure required.
Fittings shall be conpression type made from bar stock materia
conformng to ASTM A 276, Type 316, with forgings conformng with
ASTM A 182/ A 182N, Type 316. Assenblies shall consist of tube,
fittings and conponents of one manufacturer

2.3.2.2 Pol yvi nyl Chl oride (PVC) Pipe

PVC pipe and fittings less than 100 mr 4 inch dianeter shall be in
accordance with ASTM D 1785 or ASTM D 2241. PVC pipe and fittings 100 mm 4
inch in dianmeter and | arger shall be in accordance with ASTM D 2241. Pipe

and joints shall be rated for a working pressure of [ ] kPa psi
Sol vent cenment joints shall conformto the requirements of ASTM D 2564.
Fl anged joint diameter and drilling shall conformto ASME B16.5, C ass 150.

.3.2.3 Pol yt etraf | uoroet hyl ene (PTFE) Pi pe and Tubi ng

Pi pe and fittings shall conformto ASTM D 1710, Type |, Grade 1, Cass A,
with PTFE conpression type fittings. Pipe, tubing and associated fittings
shall be rated for a mni mumworking pressure of [__ ] kPa psi

.3.2. 4 Pol yvi nyl i dene Fl uoride (PVDF) Pi pe and Tubi ng

PVDF pi pe, tubing and fittings shall be manufactured frommaterials
conformng to ASTM D 3222 for type Il honopol yners. Pipe tolerances for
out si de dianeter and wall thickness shall be in accordance with ASTM D 1785
for schedule 80 pipe. Tubing and associated fittings shall be rated for a
m ni mum wor ki ng pressure of [ ] kPa psi.
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2.3.2.5 Copper Pi pe

Pipe 100 mm 4 inch and smaller shall be standard wei ght, seanl ess, cold
drawn type conformng to ASTM B 88V ASTM B 88 Type K, tenper H  Fittings
shal | be cast or wrought copper alloy, solder joint type, conformng with
ASME B16. 18 or ASME B16.22, as appropriate. Solder used shall be lead free
and conply with ASTM B 32, grade Sb5, 95-5 tin-antinobny or Sn96, 96-4
tin-silver sol der.

2.3.3 Pi pe Hangers and Supports
Pi pe hangers and supports shall conformto MSS SP-58 and MSS SP-69.
2.3.4 Stainless Steel Gas Tubing and Fittings

Stainl ess steel tubing shall conformto ASTM A 778. Wall thicknesses shal
be a mnimumof 1.5 nmr 0.062 inch for tubing 250 mr 10 i nches and snall er,
tubing 300 nr 12 inch in dianmeter shall have a m nimumwal |l thickness of
1.9 mr 0.078 inch, tubing 350 through 450 mr 14 through 18 inch in dianeter
shall have a minimumwall thickness of 2.7 mr 0.109 inch. Fittings shal
conformto ASTM A 774/ A 774k, and be of the sanme material, grade, schedul e
or wall thickness as specified for tubing. Joints shall be ful

penetration butt welded joints or Van Stone type joints using angle face
rings with bracing flanges drilled in accordance with ASME B16. 5.

2.3.5 Val ves
2.3.5.1 Li quid Oxygen (LOX)

LOX val ves shall be bronze or Type 316 stainless steel intended for
cryogeni ¢ extended service. Materials shall be conpatible with the piping
install ed.

2.3.5.2 Gat e

Gate val ves shall conply with the requirenents of Section 22 00 00
PLUMBI NG, GENERAL PURPCSE

2.3.5.3 Bal |

Bal | val ves shall conply with the requirenents of Section 22 00 00
PLUMBI NG GENERAL PURPCSE. Val ves used for hydrogen peroxide service shal
be passivated and vented in accordance with the hydrogen peroxide supplier
recommendat i ons.

2.3.5.4 Check

Check val ves shall conply with the requirenents of Section 22 00 00
PLUMBI NG, GENERAL PURPCSE

2.3.6 I njectors

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: Designer should coordi nate pressure
requi renents wth equi pnent manufacturers to
determ ne if supplenmental punping is required to

ensure adequate gas transfer. |In certain
situations, nultiple injectors may be required if
large flow variations are expected. |Injectors are
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nost comonly used on snaller applications such as
multiple colums in series where ozone can be
injected to the individual columms.
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Hi gh efficiency venturi type injectors shall be constructed of 316L

stainless steel or PVDF at a rated pressure of [ ] kPa psi. Each unit
shall have a liquid flow capacity of [__ ] L/s gpm, and shall be capable
of applying 150 percent of the design gas flow of standard [__ ] L/mnute

cubic feet/hour of a [ ] percent ozone in [air] [oxygen] m xture.
I njectors shall be designed to operate with an avail able pressure head to
the injector of [ ] kPa psi, and a back pressure of [ ] kPa psi

2.3.7 Di ffusers
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NOTE: Designer should coordinate with diffuser
manuf acturers to determine the proper flow rate and
coverage per diffuser. Rod type diffusers are
general ly used on | arger rectangul ar tanks versus

t he done or disc type which can be used in either
circular reactors, or on rectangular units.

Coordi nate access requirenents wth paragraph ACP
React or Vessel
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Fi ne bubble diffusers shall be ceram c construction, of the tube, disc or
donme type. Ceramic shall be of bonded silica or alumna, and be resistant

to degradation by ozone in oxygen concentrations of [16] [__ ] percent.
Pore size shall be a maximumof [50] [__ ] um [0.002] [__ ] inch or the
manuf acturer's standard pore size which will produce bubbles [2] [__ ] m
[0.005]) [___ ] inch in dianeter or smaller. Gas flow per diffuser shal

be a maxi mum of standard [ ] L/s cubic feet/mnute at a subnergence of
[ ] mfeet. Maxinmum all owabl e headl oss per diffuser shall be linmted
to [ ] mv inch. Brackets, holders, bolts, rods, washers and ot her

accessories shall be 316 stainless steel unless otherw se indicated.
Gaskets shall be of silicone construction.

2.3.8 Coupl i ngs

Fittings, flanges, bolts, nuts and washers shall be the sanme nmaterial as
the piping unless otherw se indicated. Sleeve type couplings for ozone
service shall be of stainless steel conformng with ASTM A 312/ A 312L,
Grade TP316L with ozone resistant gaskets. Couplings for non-ozone ferrous
netal piping shall be ASTM A 53/ A 53V, Grade B

2.3.9 Insul ating Joints

Insulating joints shall be provided when ferrous metal piping is joined
with non-ferrous metal piping, fitting or valve materials. Insulating

fl anges shall be installed and have insulating flange gaskets, insulating
sl eeves for studs, and insulating washers for both sides of flanges. Stee
washers shall be installed between the insulating washers and nuts.
Coupl i ngs shall be of the sane pressure rating as the pipe install ed.

2.3.10 In Pipeline Static M xers

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

SECTI ON 44 44 53 Page 19



2.

NOTE: Static mixers are generally recomended to
ensure conpl ete m xi ng when peroxide is used.

Static mixers may al so be needed in other processes
in the treatnent train; if so, coordinate and |i st
those requirenents separately or coordi nate them
with other specification sections to ensure there is
no duplication

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

In pipeline static m xers shal

[upstream of the reaction chanber]. Mxers shall be [installed in a
flanged section of piping] [with renovable m xing sections] [inserted into
ne], have a pressure rating equal to that of the piping

t he pipeli
install ed,

L/s gpn] while inducing conpletely turbulent mxing conditions in the

pi peline i

316 stainless steel] |

have a maxi mum headl oss of [__ ] mr inch of water,

[at [

be installed [at the | ocations indicated]

nstalled. M xers [and housing] shall be constructed of [G ade

] and be conpatible with [hydrogen peroxide]

[ The static mixer shall be ported for direct application of the
appl i ed chemical .]

.3.11 Bolts, Nuts, Anchors and Fasteners

Bolts, nuts, anchors and fasteners shall be stainless steel in confornmance

with ASTM

F 593.

4 MANUFACTURED UNI TS
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NOTE: Edit the foll owi ng paragraphs to reflect the
type of ozone generator feed gas (air or oxygen)
that is included in the design package. A cost
conpari son should be perforned prior to selecting
the feed gas. Typically, oxygen in a liquid formor
generated onsite fromanbient air will be used. Air
feed ozone generators typically produce ozone
concentrations of approxinately 2 percent in air,
whi | e oxygen feed systens typically produce ozone
concentrations of 6 percent or greater in oxygen
VSA systens are generally used for systens that
generate greater than 900 kg (2000 pounds) per day.

For liquid oxygen (LOX) tanks, smaller than the

m ni mum capacity stated in NFPA 55, state that the
requirenents indicated in the standard are to be
applied to the tank size specified. LOX tanks
should not be located inside a treatnment facility.
Thi s paragraph contains statenents describing a
conpl ete manufactured unit, usually a standard
catalog item statenments nay include descriptive
requirenents for the materials, specific
fabrication, finishes, and function. Separate

par agraphs for each different item should be used
when appropriate. The name used for the

manuf actured unit nust be consistent throughout the
speci fication.

Ceneral ly, skid nounted equi prment is preferred

however, this may not be possible with | arger oxygen
generation units (greater than 225 kg (500 pounds)
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per day). Verify dinensions with manufacturers to
ensure the skid nmounted units are transportable and
do not have an excessively |arge space requirenent

over equipnment that is field assenbled. The

foll owi ng paragraphs may need to be nodified to

al l ow assenbly, wiring, and plunbing in the field.

Additional information is contained in ETL
1110-1-161.
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2.4.1 Swi ng Adsorption Oxygen CGeneration System

The Oxygen Ceneration Systen shall be Swi ng Adsorption type. [Pressure
swi ng adsorption (PSA)] [Vacuum swi ng adsorption (VSA)] system equi prent
shal|l be a conplete unit process, including the conpressor, [particul ate
filters,] [aftercool er separator,] heat exchangers, sw tching val ves,
instrument air dryer, adsorbent beds, adsorbent material, [oxygen
receiver,] controller and other equi pment as required by the manufacturer
to provide a conpl ete and operational oxygen generation system [The unit]
[ Each conponent] shall be conpletely wired requiring only [interconnecting
Wi ring between conponents] [an external connection for a single externa
power supply and renote nonitoring] [and control] be done in the field.

[ PSA] [VSA] system equi prent shall include all work fromthe outside air
inlet to the ozone generator inlet connection. The [PSA] [VSA] system
shal | be a continuous output systemwth the followi ng characteristics:

M n. oxygen generation capacity [ ] kg/day | bs/ day
Oxygen purity (mninmum [90] [ ] percent
Tenperature to generator (max.) [30] [ ] degrees C
[86] [ ] degrees F
Dewpoi nt maxi num (bel ow 0 degr ees) [60] [ ] degrees C
[76] [ ] degrees F
Oxygen utilization efficiency (mn.) [40] [ ] percent

(Ratio of oxygen delivered to the ozone
gener at or/ oxygen present in the air feed
to the oxygen generator)

Cycle tinme (adjustable range) [ ] mnutes

Hydr ocarbon concentration to ozone [0] [3] [ ] ppm
gener at or (maxi munj

Di scharge pressure to ozone generator [ 1 kPa ps

Power supply [480] [____ ] volt, 3 phase,
60 hertz.

Cool ing water supply (nmax. tenperature) [ ] degrees CF

Cooling water flow rate (maximun [ 1 L/s gpm

Adsorption vessels shall be designed and constructed in accordance with
ASVE BPVC SEC VI I D1.

SECTI ON 44 44 53 Page 21



2.4.2 Li quid Oxygen (LOX) Storage and Supply System
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NOTE: Provide seismc requirenents for piping,
tanks and rel ated equi pnment supports, if a

Gover nnent designer is the Engineer of Record, and
show on the drawings. Delete the inappropriate
bracketed phrase. Pertinent portions of UFC
3-310-04 and Sections 13 48 00 SEI SM C PROTECTI ON
FOR M SCELLANEQUS EQUI PMENT and 13 48 00.00 10

SEI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT
properly edited, nmust be enclosed in the contract
docunent s.

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

LOX storage systerm and associ ated equi pnent shall conply with NFPA 55 and
CGA G 4.4. Tanks, vaporizers and regul ators shall be suitable for exterior
installations. deaning for conponents, equipnent, valves, piping and
tanks for oxygen service shall be acconplished in accordance with CGA G 4. 1,
CGA HB. The systemshall be rated to withstand a m ni num w nd speed of
[ ] knm mles per hour, maximum amnbient tenperature [__ ] degrees C F
m ni mum anbi ent tenperature [ ] degrees CF, [__ ] relative humdity,
and [ ] meters feet nmean sea level altitude. Systemshall be supported
and braced to resist seisnic |loads [as specified in UFC 3-310-04 SEI SM C
DESI GN FOR BUI LDI NGS and Sections 13 48 00 SElI SM C PROTECTI ON FOR

M SCELLANEQUS EQUI PMENT and 13 48 00.00 10 SElI SM C PROTECTI ON FOR
MECHANI CAL EQUI PMENT] [as indicated].

2.4.2.1 LOX Storage Tanks
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NOTE: Typically, 304 stainless steel is used for
LOX i nner tanks less than 6000 L (1500 gallons) or
6750 kg (15,000 pounds), while 9 percent nicke
units are generally specified for |arger tanks
principally due to econonic considerations. Typica
maxi mum operating pressure for the LOX systemwill
generally be less than 515 kPa (75 psi); significant
cost savings can be achi eved by reduci ng the tank
pressure requirenments, but |ower pressure tanks nay
require a longer lead tinme to procure since the
1.2/1.7 MPa (175/250 psi) tanks are nbst comonly
provi ded.
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Bul k LOX storage tanks shall be [ ] kg pound double walled vertica
tanks constructed in conformance with [ASME BPVC SEC VIII D1] [__ ],
rated for a maxi mum operating pressure of [1.2] [__ ] MPa [175] [__ ]
psi and design tenperature between mnus 212 and plus 65 degrees C m nus
350 and plus 150 degrees F, and seism c parameters defined in previous
paragraph. The inner wall shall be constructed of [ G ade 304 stainless
steel] [9 percent nickel steel] [__ ], the outer shell shall be
constructed of carbon steel with a m nimum outer shell thickness of [10]

[ ] mv [0.375] [__ ] inch. Annular area between the inner and outer
wal s shall be insulated to limt oxygen boil off rate to | ess than [0.25]
[ ] percent of the tank capacity per day at the maxi num anbi ent

conditions. Piping shall be copper or 316 stainless steel. Fittings shal

be bronze or 316 stainless steel.
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2.4.2.2 Vapori zers
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NOTE: Vaporizers shoul d be designed for the
anticipated flowrate to the ozone generator. |f
vaporizers are oversized, gas tenperatures wll
reach outside anbient tenperatures, resulting in

hi gher oxygen gas tenperatures during the sunmer
nmont hs being fed to the ozone generator, reducing
its efficiency. Normal operating pressure for an
ozone generator is approxinmately 103 kPa (15 psi).
Resulting pressure at the diffusers is approximtely
103 kPa (15 psi) |ess system | osses.

In cold climtes, heaters may be required to warm
t he oxygen gas feed to the ozone generator. The
actual heating requirenents should be coordinated
wi th the ozone generator nmanufacturer. |In cases
where anbi ent tenperatures fall bel ow freezing for
ext ended periods, supplenmentary heating may be
necessary.

LOX systens may require a small quantity of nitrogen
gas be added to the feed streamto facilitate ozone
gas flow through the generator. This nay be
acconpl i shed by adding a small volune of dried
anbient air (about 2 percent).
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Vapori zati on equi pnent shall consist of a mnimumof [2] [3] anbient air
vaporizers and [single] [double] regul ator system conplete with automatic
swi tching and a manual bypass. Each vaporizer shall be rated for 100
percent capacity, under continuous operation at a [__
net ers/ second SCFV withdrawal rate and al so capabl e of supplying a peak
wi thdrawal rate of | ] cubic neters/second scfm. The vapori zation

equi pnent shall be designed for an inlet pressure of [ ] kPa psi, and a
maxi mum headl oss between the tank and ozone generator of [__ ] kPa psi
The vapori zer extrusions shall have extra w de spaci ngs between the

i ndi vidual extrusions with a mninumarea per extrusion of [1.65] [__ ]

square nmeters/neter [5] [__ ] sf/ft. [Heaters shall be provided to
automatically warmthe oxygen feed gas to the ozone generator when the
oxygen feed tenperature falls to less than [ | ] degrees C F. Heaters
shal | be capabl e of warm ng the oxygen feed gas to a tenperature range
between [10 and 22] | ] degrees C [50 and 72] [ ] degrees F]. Each

vapori zer shall operate for a minimnumof [8] [__ ] hours at the mninum
anbi ent conditions and continuous withdrawal rate specified. The defrost
cycle for each vaporizer shall be a maximumof [8] [ ] hours at the

m ni mum anbi ent conditions and continuous w thdrawal rate specified.
Pi pi ng between the LOX tank and ozone generator shall be insulated as
specified in Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS.

2.4.2.3 Regul at or s

Regul ators shall be factory tested with outlet pressure field adjustable
over a downstream pressure range from [69 to 172] [__ ] kPa [10 to 25]
[ ] psi, fromO to 100 percent of the specified oxygen flow rate.
Regul ators shall be rated at 1030 kPa 150 psi, and constructed of 316
stainl ess steel.
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2.4.3 Ozone Cenerator Air Feed System

Syst em equi pnent whi ch processes anmbient air directly as the ozone
generator feed gas shall be provided by a single supplier, [be of the
pressure swing type and] include an air conpressor and receiver,
aftercooler, [refrigerative dryer], vapor/liquid separator, [coal escing
and] [particulate] filters, desiccant air dryer, particulate after filter,
swi tching val ves, pressure, tenperature and noisture nonitors, |oca
controll er and ot her equi prent as required by the manufacturer to provide a
conpl ete and operational air preparation systen. [The equipnent shall be
skid nmounted.] Adsorption vessels shall be designed and constructed in
accordance with ASME BPVC SEC VII| Dl. Adsorption naterial shall be
[activated alumina] [__ ]. The unit shall be conpletely wired requiring
only an external connection for a single external power supply and renote
nmonitoring [and control]. The air preparation system supplier shall be
responsible for all work fromthe outside air inlet to the ozone generator
inlet connection. The air preparation systemshall be a continuous out put
systemwith the followi ng characteristics based on 100 percent relative
hum dity and nmaxi mum anbi ent tenperature of [ ] degrees C F

M nimmdry air feed to ozonator [ ] cns scfm m
Qperating pressure at stated capacity [345] [ ] kPa .

[50] [_____] psi
Pressure drop through desiccant dryers [20] [ ] kPa
( maxi mum [31 [____ 1 ps
Maxi mum air tenperature to ozone generator [30] [ ] degrees C

[86] [ ] degrees F
Maxi mum dewpoi nt (bel ow 0 degrees) [60] [ ] degrees C

[76] [ ] degrees F
Maxi mum hydr ocar bon concentration [0] [1] [ ] ppm
Di scharge pressure to ozone generator (mn) [ ] kPa ps
Cycle time adjustabl e range [1to 5] [ ] mnutes
Power supply [480] [ ] volt,

3 phase, 60 hertz

2.4.4 Ozone Cenerator System
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NOTE: Delete this paragraph if an ozone generator
is not used. Horizontal tube, nedium frequency
generators are the nost conmon; however, since the
state of the art is constantly changing, verify that
other types of generators are not avail able or
appropriate for the particular application

Coordi nate pressure requirenents wth paragraph
Ozone Cenerator Air Feed System  Typical pressure
ranges required for ozone systens are dependant upon
the final ozone outlet pressure, generally between
69 and 103 kPa (10 and 15 psi) plus | osses through

t he equi pnent.
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Ozone generation equi pent shall be continuous duty water cool ed,

nmul ti-tube glass or non-glass multitube dielectric [horizontal tube]
[vertical tube] assenblies contained in a pressure vessel [wi th hinged
gas-tight doors] with a rated design pressure of [ ] kPa psi. Each
unit shall be provided with [rmediunm [high] frequency el ectrical power
supply units including i nput and output transforners, power controller,
frequency inverter, harnmonic mtigation equipnent (if required). The
generator shall be provided with conplete controls, [conpatible with the
central control unit,] instrumentation, panels, appurtenances and

m scel | aneous equi pnment required for a conplete ozone generating system
using [oxygen] [air]. Al equipment, valves, piping, associated
appurtenances shall be suitable for ozone in [oxygen] [air] service.
Generator design requirenments are as foll ows:

Capacity [ 1 kg I bs/day
Gas flow rate to generator [ 1 cms scfm
Qutlet pressure + 5 % [ 1 kPa psi
Ozone concentration [ 1 percent
Gener ator vessel design pressure [ 1 kPa ps
Ozone out put concentration turn down [10:1] [___ ]
Cooling water tenperature rise at [3] [____ ] degrees C
rated production capacity (nmaxi num [5] [____ ] degrees F
Carrier gas rise across generator (max.) [30] [___ ] degrees C

[17] [____ ] degrees F
I nl et hydrocarbon concentration (max) [O] [____ 1 ppm
Power supply [480] [___ ] volt,

3 phase, 60 hertz.
2.4.4.1 Ozone Cenerator Vessels

Al'l ozone generator netal parts which cone into contact with ozone or

cooling water shall be constructed of Type 316L stainless steel. The
vessel shall be designed to resist an internal pressure of 1.5 tines the
design pressure, including the tubes and shell. Over pressure protection

based on worst case operating conditions shall be provided. The vessels
shal | be constructed in accordance with ASVE BPVC SEC VIII| D1 code.

Vi ewi ng ports shall be provided to allow visual inspection of all interna
di el ectrics during operation.

2.4.4.2 Di el ectric Tubes

Dielectric tubes shall be constructed to resist thernmal shock and to evenly
distribute the applied electrical charge over the entire dielectric surface
without arcing. Dielectric tubes shall be formed fromeither glass or a
non-glass material with a certified voltage breakage strength of 1.5 tines
the maxi mum possi bl e operating vol tage under naxi mum tenperature and
appl i ed power conditions. Dielectric tubes shall be protected by fuses or
functionally equival ent devices to prevent shorting dielectric tubes from
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damagi ng the shell and tube structure in the ozone generator.

2.4.5 Ozone Destruct System
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NOTE: High concentrations of chlorinated organics
may be |iberated by systens which use ozone in air
or oxygen. These chlorinated organics may "poison"
a catal yst bed designed only for ozone destruction
I f considerabl e concentrations of chlorinated
organics are anticipated (greater than 1000 ppn) in
the reactor off gas, a chlorine resistant catalyst
shoul d be specified or a separate specification

section should be used.
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Ozone of f gas destruction equi pnent shall be thernal assisted catal yst
destruct type units suitable for npist ozone in [oxygen] [air] service.

The catal yst contai nment unit, piping, ductwork, and other nmetallic
components shall be constructed of 316 stainless steel. The units shall be
capabl e of destroying contactor off gas generated by the ozone generators
whi ch feed the ACP reactors. The ozone destruction unit shall have the
capability to function at a minimnumturn down ratio of 20 to 1. Each off
gas destruction unit shall be a skid nounted unit consisting of [a

demi ster,] an electric resistance heater, catalyst trays and contai nment
vessel [, and a centrifugal blower]. The destruction unit di scharge duct
shal | be sl oped away fromthe destruct unit to reduce the probability of
catalyst fouling fromcondensation. Ducts carrying ozone |aden off gas
fromthe ACP reactors shall be sloped to a | ow point valved drain | ocated
upstream of the ozone destruct system The ozone destruct system shal
reduce the ozone concentration fromthe off gas flowto less than [0. 10]
[ ] ppm by vol une of ozone fromzero flow to the maxi mum off gas fl ow
rate. Normal operation is defined as [50] [__ ] percent of the maxi num
off gas flowrate with an ozone concentration of [1.0] [__ ] percent by
wei ght. Ozone destruction equi pnent shall neet the follow ng requirenents:

Maxi mum pressure drop through catal yst [ ] mm of nercury
at maxi mumflow rate [ ] inches of water
Maxi mum pressure drop through heater [ ] mm of nercury
at maxi rumflow rate [ ] inches of water
Maxi mum of f gas relative hunmidity [ ] percent
Max. tenperat. rise across heater [20] [ ] degrees C

[35] [ ] degrees F
Cat al yst chanber enpty bed contact tinme [1.0] [ ] seconds
Max. ozone concentr. into destruct unit [1.0] [ ] percent by weight
Of gas flow rate (maxi mun) [ ] cubic nm's

] scfm

Maxi mum cat al yst bed tenperature [120] [ ] degrees C

[ 250] [ ] degrees F
Of gas tenperature to catalyst bed [15] | ] degrees C

[60] [ ] degrees F
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Power supply [480] [ ] volts, [3] | ] phase
60 hertz.

The catal yst shall be non-hazardous [rmanganese di oxi de/ copper oxi de]
[nickel] [___ ] based material suitable for catalytic ozone destruction at
the specified conditions. The catalyst containnent unit shall be provided
with a flanged and bolted top or hatch a mnimumof 300 mr 12 inch in
diameter to facilitate change out of the catalyst material when the

catal yst is exhausted.

2.4.6 Hydr ogen Peroxi de System
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NOTE: Edit Section 43 32 69 CHEM CAL FEED SYSTEMS
to provide on-off, set point, or proportiona
control as appropriate.

Hydr ogen peroxi de storage systemrequirenents shoul d
be coordinated with suppliers to ensure materi al
compatibility. Floating roof nanway area shoul d
equal 1 in 2 per 400 L (100 gallons) for solutions

| ess than 52 percent, and 2 in 2 per 400 L (100
gallons) for solutions greater than 52 percent.
Process safety managenent requirenments nust be

foll owed any tinme nore than 3375 kg (7500 pounds) of
H2O2 is stored, or the solution strength is greater
than 52 percent; refer to 29 CFR 1910. 119 for

i nformation.

Hydr ogen peroxi de storage tanks should be | ocated
out si de when possi ble. Polyethylene should not be
used for peroxide concentrations greater than 52
percent.
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The hydrogen peroxi de storage tank shall be constructed of cross |inked
pol yet hyl ene, 316 stainless steel, or 99.5 percent pure al um num all oys
designated in [ ASTM B 209N] [ASTM B 209] as 1060, 5254, 5652. Hydrogen
peroxi de storage tanks shall be provided with secondary contai nment [as
detailed on the draw ngs] | ] with a mininumcapacity equal to [110]

[ ] percent of the maxi mum storage tank vol une. Hydrogen peroxide
storage tanks shall be equipped with [50] [__ ] mr [2] [ ] inch
femal e quick fill connection; [600] [__ 1] my [24] [ ] inch hinged,
wei ght ed and gasketed manway cover; [50] [__ ] m [2] [ ] inch
filtered breather vent; liquid level site tube; and [600] [ ] mr [ 24]
[ ] inch free floating roof manway cover. All piping connections shal

be flanged. Feed punps shall conformto the requirenments of Section
43 32 69 CHEM CAL FEED SYSTEMS.

2.4.7 Redox Potential Meter

The oxidation reduction neter shall be provided [where indicated on the
drawi ngs] [on the effluent |ine of each reactor]. Probe shall be easily
renovabl e without interrupting service. Probe naterials shall be resistant
to ozone as well hydrogen peroxi de attack over a pH range of 2 to 12 and
operating pressures of upto [__ ] kPa psi and suitable for a tenperature
range from [0 to 100] [__ ] degrees C[32 to 212] [ __ ] degrees F and
suitable for the nediumnonitored. Probe shall transmt output to an ORP
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anal yzer with digital output. The ORP analyzer shall transmt a [[4 to 20]
[ ] mA signal proportional to the ORP] [direct digital reading] to the
central control unit.

. 4.8 pH Probe

The pH probe shall be provided [where indicated on the draw ngs] [on the
effluent |ine of each reactor]. Probe shall be easily rempovabl e w thout
interrupting service. Probe materials shall be resistant to ozone as well
hydr ogen peroxi de attack over a pH range of 0 to 14 and operating pressures
of upto [ __ ] kPa psi and suitable for a tenperature range from [0 to
100] [ ] degrees C [32 to 212] | ] degrees F and suitable for the
medi um noni tored. Probe shall transmt output to a pH analyzer with
digital output. The pH analyzer shall transmit a [[4 to 20] [__
signal proportional to the pH [direct digital reading] to the centra
control unit.

. 4.9 Ozone Mbnitors
.4.9.1 Vapor Phase

Separate ozone nonitors shall be provided to nonitor ozone in anbient air,
[at the | ocations shown on the drawi ngs,] determi ning the ozone |evels
downstream of the off gas ozone destruct system [and the ozone
concentration in the ozone generator discharge]. The anmbient air
nmonitoring unit intake shall be located [within 455 mr 18 i nches above the
treatment plant floor] [at the location shown on the draw ngs] [adjacent to
the AOP process equipnent]. The anbient air nonitors shall be interl ocked
with the ozone generation systemto initiate an alarmcondition, and ozone
generator shut down when readi ngs exceed preset |evels. Analyzers shall be
[4 to 20 mA] [direct digital] output ultraviol et adsorption photoneter type
with built in pressure and tenperature conpensation. Ozone off gas nonitor
shal | have a mininum of five separate ranges to nonitor concentrations

between [[0 to 15] [__ ] percent,] [[0 to 99,000] [___ ] ppm by
volune]. Anbient air and off gas destruct nonitors shall have a m ni num of
five separate ranges to nonitor concentrations between [0 to 10] [__ ]

ppm Each nonitor shall be provided with a builtin digital ozone
concentrati on readout at the unit.

.4.9.2 Li qui d Phase

Li quid phase nonitors shall be provided [where indicated on the draw ngs]
[on the effluent line of the last reactor]. Sensor shall transmt output
to an ozone analyzer with digital display and renpte signal transmi ssion to
the central control unit. Probe shall transmit output to a liquid phase
ozone analyzer with digital output. The |iquid phase ozone anal yzer shal
transmt a [[4 to 20] [__ ] mA signal proportional to the ozone
concentration] [direct digital reading] to the central control unit.

.4.10 Tenperature Sensors

Tenperature sensors shall be dual switch trip point independently

adj ustable type with a mininmumaccuracy of 0.5 percent of full scale.
Thermal system shall be constructed of 316L stainless steel. Tenperature
range shall be from [0 to 100] [__ ] degrees C[32 to 212] [__ ]
degrees F and suitable for the medium nonitored. Sensor shall transmt
output to an analyzer with digital output. The analyzer shall transmt a
[[4 to 20] [__ ] mA signal proportional to the tenperature] [direct
digital reading] to the central control unit.
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2.4.11 Conpr essors

Air conpressors shall conformto ASVME B19.3. Air conpressors shall be
factory packaged [rotary screw] [centrifugal] [rotary] [reciprocating] type
units. The air conpressors shall be packaged in an enclosure with sound
attenuating properties which allow a maxi nrum noi se | evel mneasurenent of 75
dBA at the equi pment enclosure. Air conpressors shall be [water] [air]
cool ed and rated for continuous operation. Guards shall shield exposed
novi ng parts. Conpressor notors and starters shall conformw th the

requi renents of Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM  Air
conpressors shall have the manufacturer's nanme and address, together with
trade nane, and catal og nunber on a namepl ate securely attached to the
equi prent. Any special maintenance instructions (required before startup
or shutdown) shall be included in the Operations and Mi ntenance Manual s.
Conpressor equi pnent used for processing anbient air for the ozone
generator feed gas shall include the air conpressor, receiver wth
automati c condensate drain, intake air filter and silencer, after cooler, a
hi gh efficiency noisture separator, [refrigerative dryer], pressure,
tenmperature and noisture nonitors, |ocal controller and other equiprment as
required by the manufacturer to provide a conplete and operational oi

free, dry conpressed air system Conpressor receivers, air piping, valves
and appurtenances unl ess otherw se specified, shall be in conformance with
Section 22 00 00 PLUMBI NG GENERAL PURPCSE. Dry contacts and 4 to 20 mA
signals shall be provided in the control panel for renote nonitoring.

M ni mum capacity [ ] cnms scfm
Qperating pressure at stated capacity [345] [ ] kPa
[50] [_____] psi
Maxi mum air tenperature to PSA/ VSA system [30] [ ] degrees C
[86] [ ] degrees F
Maxi mum dewpoi nt to PSA/ VSA system [60] [ ] degrees C
(bel ow 0 degrees) [76] [ ] degrees F
Maxi mum hydr ocar bon concentration [0] [ ] ppm
Cycle tinme adjustabl e range [1to 5] | ] mnutes

2.4.12 Bl ower s

Bl owers shall conformto [Section 43 11 00 FANS/ BLONERS/ PUMPS; OFF- GAS]
[ ]. Dry contacts and 4 to 20 nA signals shall be provided in the
control panel for renpte nonitoring.

2.4.13 Dew Poi nt Monitor

The dew point transmtter shall be of a solid state design housed in a NEMA
4 enclosure as defined in NEMA 250, with an accuracy of plus or nminus 3
degrees C over an operating anbient tenperature range of mnus 10 to plus
60 degrees C, over a dew point range of minus 110 to plus 10 degrees C

The transnmitter shall receive the signal fromthe thin filmalum num neta
oxi de sensor, convert and send it as a [single 4 to 20 mA DC signa
proportional to the dewpoint level] [direct digital reading] to the centra
control unit. Sensor shall transmt output to an analyzer with digita

di spl ay.

SECTI ON 44 44 53 Page 29



2.4.14 Pressure Gauges

Wat er pressure gauges shall be glycerine filled units conform ng to the
requi renents of ASME B40. 100.

2.4.15 Sanpling Ports

Aqueous and gas phase sanpling ports shall be provided [where indicated on
the draw ngs] [upstream and downstream of each reactor vessel]. Sanpling
ports shall be provided at |ocations accessible to plant operators. Ports
and associ ated piping shall be constructed of [6] [12] [__ ] my [ 1/ 4]
(/2] [ ] inch mninumdianeter [PVDF] [316 stainless steel] [teflon]
[ ] with [PVDF] [316 stainless steel] [__ ] [NPT x hose] ball valves.

2.4.16 Gas Fl ow Meters
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NOTE: Nunerous neters may be required which nay
necessitate a table be included identifying the flow

capacity for each unit.
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Fl ow neters for ozone or oxygen applications shall have stainless stee
body, tube, valves, floats, and knobs with glass wi ndows. Flow neter shal
be rated for a flowrate of [ ] cns scfmr at a m nimum pressure of [ 345]
[ ] kPa [50] [__ ] psi. Each flow neter shall be provided with a
separate stainless steel valved connection for ease of maintenance. Each
pi pe penetration through the reactor wall serving a single ozone diffuser
or bank of diffusers shall be equipped with a flow neter. The [air]

[ oxygen] feed streamto the ozone generator shall also be equipped with a
flow neter. Each flow neter shall have an easily readable scale in cns scfm
with a mninumof ten divisions fromzero to 150 percent of the expected
flow through the meter. Each meter shall be provided with an anal yzer

whi ch receives the signal fromthe flow nmeter transmtter, converts and
sends it as a [single 4 to 20 mA DC signal proportional to the flow rate]
[direct digital reading] to the central control unit. Sensor shal

transmt output to an analyzer with digital display.

2.4.17 Level Monitoring

Pressure type | evel sensors, associated analyzers and transmitters shall be
provided for each liquid process tank associated with the AOP system

Sensor el enent shall be renmpvable for servicing or replacenment w thout
taking the tank out of service. As a mininum the follow ng tanks shall be
equi pped with | evel nonitoring equipment: [reactor vessels,] [hydrogen
peroxi de storage and feed tanks,] [equalization tank,] [effluent storage
and equalization tanks,] [__ ]. Each level control elenent shall be of
solid state design constructed of materials conpatible with the liquid
stored. Each controller shall be provided with an anal yzer which receives
the signal fromthe |level sensor, converts and sends it as a [single 4 to
20 mA DC signal proportional to the liquid level] [direct digital reading]
to the central control unit.

2.4.18 React or Vesse
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NOTE: Coordi nate paragraph Gas Fl ow Meters
requirenents for the application; indicate
penetration requirenents, if a packing support is
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required; view ports; site glasses; or materi al
options to stainless steel reactors. Also include
access requirenents for renoval and maintenance of
di ffusers. Coordinate unique concrete naterial
ozone resistance requirenments with Section

03 31 00.00 10 CAST-I N PLACE STRUCTURAL CONCRETE or
03 30 00 CAST-I N PLACE CONCRETE if concrete reactor
vessel s are used.

Reactors for peroxone systens, where either the

ozone or hydrogen peroxide dose is not expected to
exceed 25 ppm nay be constructed of fiberglass if
appropriate resins are used. Coordinate with tank

suppliers regardi ng specification requirenents.
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The reactor vessel shall be [circular] [rectangular], fabricated of [316L
stainless steel] [concrete conformng to Section [03 31 00.00 10
CAST- | N- PLACE STRUCTURAL CONCRETE] [03 30 00 CAST-I1 N PLACE CONCRETE] [___ ]
provided with [ ] mvinch, [__ ] kPa psi flanged connecti ons.]
React or vessels shall have a m ni mum wat er depth above the diffusers of [6]
[ ] m[28] [ ] feet, with a mninmumfree board water depth above
the liquid | evel of 600 nr 2 feet. [Reactor shall be designed to
acconmodate a vacuumof [25] [__ ] my [1] [ ] inch applied to the
react or headspace.] Welding shall be perforned in accordance with

AWS D1.1/D1.1N by welders certified to have passed qualification tests
usi ng procedures covered in AW B2.1/B2. 1V or ASME BPVC SEC | X. Reactors
shal | be equi pped with openings required to ensure nai ntenance and
installation/renoval of the follow ng equipnent: liquid inlets and
outlets, gas inlet supply and off gas collection points, sanpling
connections, [quartz sheath w pers], [W lanps], [pH probe], [redox neter],
[level switch], site glass liquid | evel indicator, and other connections as
indicated or required. Reactor vessels shall be equipped with a m ni mum of
[one] [__ ] viewing port no smaller than [0.5] [ ] m[1.5) [___ ]
feet located [0.7] [__ ] m[2) [ ] feet mninum above the bottom of
the reactor. The viewi ng port shall be covered with clear plastic materia
not susceptible to ozone degradation, with a mni mumthickness of [10]
[ ] mr [3/8] [ ] inch.

.5 ELECTRI CAL

El ectrical products shall be in accordance with Section 26 20 00 | NTERI OR
DI STRI BUTI ON SYSTEM Reactor vessels containing ultraviolet |anps shall be
i ndependent |y grounded.

.5.1 Mot or s

Motors, all nmotor starters, and any control or signal wiring required for
the operation of the specified equipnment shall be provided and installed
under this section in accordance with Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM unl ess ot herwi se specified herein, in other sections,
or indicated on the draw ngs.

.5.2 Local Controls and Panel s
Manual or automatic controls, protective or signal devices required for the
operation specified, and any control wiring required for controls and

devi ces, shall be provided. Enclosures for |ocal power and control panels
shall conformto NEMVA | CS 6.
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2.

2.

5.

6

3

U traviol et Equiprment Electrical Requirements
a. A separate prewi red power panel shall be provided for each nodul e.

b. Gound fault detection or independent ground shall be standard with
the WV | anp equi pnent.

c. Control and nonitoring conponents shall be housed in NEVA

encl osures. Internal conmponents shall be sealed fromthe environnent.
System el ectronics to be used in an interior environment shall be
housed in enclosures conformng to NEMA 250 TYPE 12. System

el ectronics to be used in an exterior and corrosive environnent, as
defined in NEMA 250, shall be housed in encl osures conformng to

NEVA 250 TYPE 4X.

d. Sufficient cooling shall be provided to the nmedium and hi gh
tenperature WV bulbs as well as associated ballasts to prevent
over heat i ng.

e. Wring and electrical connections shall be protected agai nst

noi sture and corrosive gases to prevent electrical shorts or failure.
El ectrical installation and materials shall conformto NFPA 70. The
unit shall be completely wired requiring only an external connection
for a single external power supply and renote nonitoring and control

f. Interconnecting, multiconductor, unshielded cables shall be
suitable for outdoor installation. Insulation shall be thernoplastic
rubber with an operating range of nminus 60 to 125 degrees C nminus 75 to
260 degrees F with low tenperature flexibility and flane retardants.

UV stabilized jacketing shall be resistant to oils, chenicals, fuels,
sol vents, and to nechani cal abuse and abrasion. Cable shall be
supplied by the equi pment manufacturer and shall be of sufficient

| ength and nunber for a conplete system

g. Cabl eways provided shall be stainless steel, 1.98 or 1.59 nmr 14 or
16 gauge thi ck.

AOP CONTROL SYSTEM
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NOTE: Delete itens within this paragraph that do
not apply. Not all UV systens (especially those
with low intensity | anps) have light intensity

moni tors; verify design requirenents for type or
need of | anps. Hydrogen peroxi de nonitoring on al
but very large plants (larger than 1.5 MaD) wil |
consi st of tank |level readings and an indication
that the chenical feed punp is working. Coordinate
wi th paragraph Alarnms and Interlocks if separate
audi bl e or visual alarns beyond the control system
specified are required, and their location

If an autodialer is required, reference the controls
and instrumentation section of the specification; or
if none is included and an autodialer is required,

i nclude those requirenents in this paragraph
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Equi prent shall be locally controlled and shall be capable of receiving
standard digital or analog control signals fromthe plant central control
system Status and adjustnments to the equi pment shall be provided
[locally] [and] [fromthe plant central control systeni. Instrunents shal
be provided with nounting hardware as appropriate. Transnmitters with
digital outputs shall be accurate to within [__ ] percent. Al equipnent
shal | be designed for operation on a 120 volts 60 hertz electrical input.
Controls shall be provided to renotely nmonitor [and adjust] [hydrogen
peroxi de delivery rate,] [oxygen] [air] [and ozone output,] [__ ]
[individual lanp failure,] [power on and off status for each | anp
[ballast]] [ultraviolet lanp intensity]. [Each lanp shall be provided with
a nonresettable elapsed tine nmeter with ability to record operabl e hours
fromO to 99, 999].

2.6.1 Ozonation Control System

The ozonation control systemshall be interfaced with the plant centra
control system Changes to the ozone generator equi pnent operating
conditions shall be acconplished locally or fromthe master control panel.
The power, control and instrunentation system provided shall be as
specified or as recommrended by the ozone generator manufacturer for safe
operation and supervision of the ozone generator and rel ated gas feed
equi pnment. Schematics and interconnecting wiring diagrans shall be

provi ded for power, control, and instrumentation circuits. Control power
transforners, relays, adjustable timers, auxiliary contacts, swtches, or
addi ti onal equi prment to interconnect the generator to other auxiliary
equi prrent and naster control panel, and control circuits as shown on
schematic or instrunent control drawi ngs shall be provided. An energency
stop button shall be provided at the |ocal generator control panel. The
ozone generator shall be protected from power surges, and variations in
power supplied to the equiprent.

2.6.2 Hydr ogen Peroxi de Feed
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NOTE: Hydrogen peroxide netering rate is generally
done manually with an interlock to shut the system
down when a flow switch or other interlock at the
AOP master control indicates a flow interruption

If a variable flowrate is anticipated, although
rarely used, the hydrogen peroxide feed rate can be
tied to the influent neter or AOP master control
Coordi nate operation with Section 43 32 69 CHEM CAL
FEED SYSTENMS
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Hydr ogen peroxi de feed punp and control shall conformto the requirenents
of Section 43 32 69 CHEM CAL FEED SYSTEMS.

2.6.3 Al arms and I nterl ocks
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NOTE: Delete itens in this paragraph that are not
required.

Coordi nate this paragraph with process and

i nstrunmentation diagrams (Pl Ds) and ot her
specification sections. Mtering accuracy for
hydr ogen peroxide is generally done nanually.
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Indicate if separate audible or visual alarms beyond
the ACP master control system are required, and
their location.
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Alarnms and interlocks shall be provided to ensure proper operation of the
advanced oxi dation equi pment, and its sequenced shutdown based on
potentially unsafe or inproper conditions that may exist. The follow ng
par agraphs list alarns that (as a mininum shall be monitored at the
central control point, or that will initiate shutdown of the appropriate
advanced oxi dati on equi pnment conponents.

.6.3.1 ACP System

Fai l ure of mmjor equi pment conmponents such as |anps, ballasts, or safety
interlocks shall initiate system followed by plant shutdown, if not
acknow edged. ACP systemalarns and control interlocks shall be provided
for the followi ng itens:

Lanp failure

Bal | ast failure

Safety interlocks for open door on reactor vessel or pane
H gh water tenperature in AOP reactor vesse

Low water flow to the reactor vesse

Sl eeve wiper failure

Hi gh pressure in reactor vessel headspace

[ 1.
.6.3.2 Met eri ng Punp

>SQ T OO0 T

Punp failure shall initiate system followed by plant shutdown, if not
acknow edged. Metering Punmp al arns and control interlocks shall be
provi ded for the follow ng itemns:

a. Hydrogen peroxi de feed
b. Catal yst feed
c. Punp failure

d. | ].

.6.3.3 Hydr ogen Peroxi de Tank

Hydr ogen peroxide tank [alarns] [and control interlocks] shall be provided
for the followi ng itens:

High liquid | evel
Low liquid Ievel
Low low liquid | eve
Hi gh tenperature

H gh pressure

[ 1.
.6.3.4 Ozone System

D QOO T

Qzone systemal arns and control interlocks shall be provided for the
followi ng itemns:

a. High dew point in gas feed to ozone generator

b. Over current to the power supply unit (PSU)
c. Over voltage to the PSU, rectifier, and inverter
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d. Over frequency protection
e. High tenmperature shut down
f. Hghinlet gas tenperature
g. High inlet cooling water tenperature
h. H gh gas pressure to the generator
i. Insufficient gas flow to the generator
j. Hgh outlet ozone gas tenperature
Hi gh noisture level in control cabinet

] 1.

Maj or equi prent conponent failure such as over current, over voltage, over
frequency, high cooling water tenperature or other condition that could
damage the equiprment or result in effluent non-conpliance shall initiate
system followed by plant shutdown, if not acknow edged.

.6.3.5 Gas Feed System

Gas feed systemalarns and control interlocks shall be provided for the
followi ng itemns:

Hi gh pressure across gas filters

Hi gh tenperature in gas desiccant dryer

Hi gh pressure downstream of reducing val ves
Air preparation systemfailure

Ozone monitor failure

[ 1.

Maj or equi prent conponent failure, such as high cooling water tenperature,
air preparation failure, or other condition that could damage the air feed
or ozone equi pnent, or result in effluent non-conpliance shall initiate
system followed by plant shutdown, if not acknow edged.

D QOO T

.6.3.6 Ozone Destruct System

Qzone destruct systemalarns and control interlocks shall be provided for
the following itens:

Hi gh ozone in anbient air space

Hi gh gas flow rate to destruct unit

Low tenperature in ozone destruct unit
Hi gh ozone in destruct unit exhaust gas
Ozone destruct systemfailure

H gh ozone concentration in off gas
Destruct system failure

[ 1.

Heal th and safety anbi ent ozone | evel non-conpliance shall initiate ozone
system al arm and shutdown, followed by overall plant shutdown, if alarmis
not acknow edged (high anbient ozone levels will not shutdown the ozone
destruct system concurrently with other processes).

>SQ T OO0 T

.6.3.7 Cool i ng Water System

Cooling water systemalarns and control interlocks shall be provided for
the follow ng itens:

a. Cooling systens failure

b. H gh water tenperature
c. No/low cooling water flow
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d. Punp failure
e. [ 1.

Maj or equi prent conponent failure such as no/low cooling water flow, punp
failure or other condition that could danage the gas feed, ozone equi pnent
or result in effluent non-conpliance shall initiate ozone generator,

foll owed by plant system shutdown, if not acknow edged.

2.6.3.8 Met eri ng Accuracy

Met ering accuracy alarnms and control interlocks shall be provided for the
following itens: (Ozone and Hydrogen Peroxide

2.6.3.9 G ound Faul t
A ground fault protection alarmshall be provided.
2.7 SPECI AL EQUI PMENT AND TOOLS

Provi de one set of special tools, calibration devices, and instrunents
required for operation, calibration, and nmai ntenance of the equi pnent.
Provide a tube cleaning rack or racks with adequate capacity to hold [50]

[ 100] percent of the dielectric tubes fromthe ozone generator being
serviced. Each rack shall be equi pped with | ocking casters to allow the
rack to be easily noved between the ozone generator and the |ocation where
the dielectric tube cleaning will occur. Each dielectric shall be provided
wi th an individual padded hol der.

PART 3 EXECUTI ON
3.1 EXAM NATI ON

After becoming famliar with all details of the work, verify all dinmensions
inthe field, and advise the Contracting Oficer of any discrepancy before
performing the work. Conpare the linmts of work for the equi pnent supplied
to field conditions to ensure the limts previously identified for piping,
electrical and control interfaces neet the actual physical requirenents at

the facility. Bring any discrepancies to the attention of the Contracting
O ficer for correction.

3.2 PREPARATI ON

EE R R R I R S I R R I I O R R R R O S R R R R R R I I O R R I

NOTE: This paragraph covers actions required to
physically prepare the surface, area, or site to
i ncorporate the specified primary products.

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

Provide the reactor vessel, [ozone and feed gas equi prent,] [hydrogen
peroxi de storage and feed system] [electrical support equipnment,] and
[ ] with an equi prment pad isolated fromthe floor slab [as detailed on
the draw ngs] [adequate to properly support the equi pnment]. Reinforced
concrete shall be designed and installed in accordance with Section |

03 31 00.00 10 CAST-I| N PLACE STRUCTURAL CONCRETE][03 30 00 CAST-I| N PLACE
CONCRETE]. Prior to placing ozone piping, or other equipnment, into service
it shall be cleaned by one of the methods specified in CGA G 4.1. Piping
and equi pnent used to store or feed hydrogen peroxi de shall be passivated
in accordance with the hydrogen peroxide supplier's requirenents.
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3.

3.

3 EQUI PMENT | NSTALLATI ON

Performthe equiprment installation as indicated on the draw ngs, shop

drawi ngs, manufacturer's instructions and reconmmendations. Piping, valves,
fittings, and appurtenances shall be installed in accordance with the

manuf acturers recomendations, as specified in Section 22 00 00 PLUVBI NG,
GENERAL PURPCSE, or as otherwise indicated. Al valves, fittings, neters
and ot her appurtenances shall be given unique identification nunbers
corresponding to those used in operation and mai ntenance manual s, and in
AOP submittals prepared. |Identification nunbers shall be placed on brass
identification tags and securely fastened to all valves, fittings, neters
and ot her appurtenances. Tags shall not be less than 38 mm 1-1/2 inches in
diameter with depressed black figures 13 mr 1/2 inch high. Piping for wet
ozone service shall be PVDF, stainless steel, or PTFE. Piping for dry
ozone service shall be PVDF, stainless steel, or PTFE. Oxygen Pi ping shal
be copper or stainless steel. Hydrogen peroxide piping shall be stainless
steel, PTFE or PVDF. Oxygen piping shall [be insulated in accordance with
Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS] [not be

i nsul ated] .

.4 ELECTRI CAL WORK

Performelectrical work in accordance with the draw ngs and applicabl e
requi renents of Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM  Equi pnent
shal | be appropriate for continuous duty, and installation in a dusty,
hum d and corrosive environment. Electrical equipment and wiring shal
comply with NFPA 70.

.5 TOALS

Provide tools to the Contracting Officer prior to the onsite training
identified in paragraph FI ELD TRAI NI NG

.6 PAI NTI NG CORRCSI ON PROTECTI ON

Al ferrous surfaces shall be coated or painted. Color shall be as

i ndi cated on the paint schedule or as otherw se approved. Factory painted
items shall be touched up as needed. Factory painted itens requiring touch
up in the field shall be thoroughly cleaned of all foreign material, prined
and top coated with the manufacturer's standard factory finish in
accordance with the manufacturer's recommendations, including dry finish

t hi ckness. Equi prent which did not receive a factory finish shall be

pai nted in accordance with the requirements indicated in Section 09 90 00
PAI NTS AND COATINGS. Painting corrosion resistant nmetals such as brass,
bronze, alum num copper, galvanized steel and stainless steel is not
required unl ess otherw se specified.

7 CHEM CALS

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

NOTE: Coordi nate these requirenents w th other
specifications which nmay address extended operation
and nai ntenance occurring in some HTRWProjects. |f
ot her supplies such as catal ysts are required,

i nclude that information as wel|.
EIR IR R b R S I I I I IR I I I I I R R S R I R I R I I I I R I S I I A I I I R b I S I b b E b I I I b I R I b I b I I S I I b I b b b I

Provide the chem cals needed to do all the operational and start up
testing, and conpletely refill the [oxygen], [hydrogen peroxide],
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3.

[catal yst], | ] tanks at the time of contract conpletion.

8 VEELDI NG

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

NOTE: Use second set of brackets when critical pipe
wel ding is required.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

[ Piping shall be welded in accordance with qualified procedures using
performance qualified welders and wel ding operators. Procedures and

wel ders shall be qualified in accordance with ASVME BPVC SEC | X. Wl ding
procedures qualified by others, and wel ders and wel di ng operators qualified
by anot her enpl oyer nay be accepted as pernmitted by ASVE B31.1. The
Contracting Oficer shall be notified 24 hours in advance of tests.
Structural nenbers shall be welded in accordance with Section 05 05 23
VELDI NG, STRUCTURAL.] [Welding and nondestructive testing procedures for

pi ping shall be as specified in Section 43 02 00 WELDI NG PRESSURE PI Pl NG ]

.9 SAMPLI NG AND ANALYSI S

Sanpling, analysis, and sanple turn around tinme to denonstrate system
performance and effluent conpliance shall be perforned in accordance with
Section 01 35 45.00 10 CHEM CAL DATA QUALITY CONTRCOL. A

conmi ssi oni ng/ denonstration plan shall be prepared and submitted for
approval to ensure the equi pnent neets the standards indicated. The plan
shal I include cal cul ations and a detail ed description of proposed sanpling
and anal ysis required to docunent system performance. Coordinate this plan
with other plans and unit operations to ensure they do not conflict and the
AOP systemis ready for testing. Coordinate and obtain regulatory
approval s prior to notifying the contracting officer that the equipnent is
ready for testing. The chemical paraneters identified in Paragraph

Per f ormance Requi rements [and anbi ent and ozone of f-gas destruction
concentrations] shall be sanpled [daily] [__ ], nonitored [at the

| ocations identified on the drawings] [at the locations indicated in the
startup/ conm ssioning plan] for [7] [___ ] days of continuous 24 hour
operation, using analyses with detection linits one order of nagnitude

| ower then the levels indicated in Paragraph: Performance Requirenents.

.10 PCSTI NG FRAMED | NSTRUCTI ONS

Post framed instructions containing wiring and control diagrans, under
glass or in lam nated plastic, adjacent to the equi pnment or where ot herw se
directed before acceptance testing of the system Condensed operating
instructions, prepared in typed form shall be framed as specified above
and posted beside the diagrans. The franed instructions shall be posted
bef ore acceptance testing of the systens.

11 FI ELD TESTS AND | NSPECTI ONS

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

NOTE: These tests are required for installed or
conpl eted work; they are different and separate from
those required for naterials and products prior to
installation or application. Delete tests not
applicable or required.

Provide in this section a reference to the plant
commi ssioning or start-up specification which
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i ncludes the processes in the treatnment facility.

Rk bk kR IR R R Ik O O S S R AR Rk R R Rk O o O R Rk O R R R b I Rk o

Accessories such as the [UV equi pnent,] [ozone generator,] [conpressor,]
[ ozone generator gas feed equi pnent,] and | ] shall be factory tested
prior to shipnment to the job site.

11,1 AOP Reactor Vessel

The ACP reactor vessel and attached appurtenances shall be assenbled at the
factory and an operational test of all conmponents acconplished prior to
shipnent. Certification that the equi pment and conmponents assenbl ed at the
factory are operational and neet the specification requirenents shall be
provided to the Contracting Oficer a mnimumof [10] [__ ] cal endar days
prior to shipment. Conponents not assenbled at the factory shall be
subject to the sane tests and inspections prior to onsite |eak testing
usi ng potable water. Following installation at the project site, and prior
to leak testing, the AOP systemshall be retested to ensure the equi pnent
and auxiliary conponents act as a conplete and operational system This
shal | include operation of all valves, punps, blowers, analyzers, alarnmns,
nmeters, interlocks, nonitors, level and punp controls, sensors, swtches,
of f gas destruct equi pnent and all other equi pnent associated with the ACP
system Testing shall be conpleted prior to |leak testing and witten
notification provided to the Contracting Officer stating the equipnment is
wor ki ng in accordance with the contract docunents and manufacturer's
recomrendations prior to the comrencenent of |eak testing.

.11.2 Diffuser or Injector System
The entire gas piping systemshall be pressure tested with dry air or

oxygen at a mnimmof [tw] [__ ] times the normal design pressure for a
m ni mum of 60 minutes and such additional tine as required for the

Contractor to inspect the piping systemfor |eaks. Al |eaks shall be
repaired and the systemshall be retested until no | eakage is detected.
Qzone shall not be introduced into the systemuntil all |eaks have been

identified, repaired, and the systemretested. [Diffusers] [Injectors]
shall be installed in accordance with the suppliers recomendations. After
installation, the [diffusers] [injectors] shall be covered with clear water
to a depth of approximately [1] [__ ] m[3] [ ] feet. Dry air or
oxygen shall be released through the [diffusers] [injectors] and the system
shal |l be inspected for uniformair or oxygen distribution throughout the

reactors. Following the initial testing at [1] [__ ] m[3] [ ] feet,
the distribution testing shall be repeated at a water depth of [3] [__ ] m
(91 [ ] feet to ensure bubble distribution is adequate throughout the

reactor. [Diffuser] [Injector] replacement or repositioning shall be
acconplished as required to maintain uniformair distribution throughout
the reactor. |If after repositioning, air distribution throughout the
reactor lacks uniformty, additional redistributors or deflectors shall be
installed in the reactor as recommended by the [diffuser] [injector]
supplier to acconplish uniformflow distribution throughout the reactor.

.11.3 Leak Testing

Leak testing shall be acconplished at the factory to verify the integrity
of the reactor vessels and associated gas and liquid piping. The factory
| eak test shall be acconplished on the reactor vessel and appurtenances
followi ng assenbly at the factory. Onsite hydrostatic |eak testing shal
include all piping between the upstream and downstream processes, and be
acconpl i shed using potable water at a pressure 1.5 tines the working
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pressure, or 350 kPa 50 psi unless otherw se approved by the Contracting
Oficer. The reactor vessel and appurtenances shall be isolated fromthe
connecting piping and retested for | eaks using potable water follow ng
assenbly at the site. The ozone generator gas connections shall be tested
with dry air or oxygen at the maxi num pressure allowed by the manufacturer,
or as identified in the previous paragraph. Any gas or liquid |eaks
identified during the aforenmentioned testing shall be repaired and the
system shall be retested until the systens are free of |eaks.

.11. 4 Control Panel

A local control panel functionality test shall be performed and approved by
the Contracting Officer prior to commrencenent of |eak testing or testing
usi ng oxi dizers. The central control testing shall be acconplished prior
to overall plant startup.

.11.5 Ozone Ceneration System

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: The installer or manufacturer should
denonstrate the operation and efficiency of the

equi pnent. Power consunption for ozone generation
shoul d be | ess than 10 kWhr per 0.5 kg (pound) of
ozone generated assunmi ng a PSA oxygen feed systemis
used to generate a 10 percent ozone feed; verify
this with rmultiple equi pnent suppliers based on the
specific ozone application pressures to be used, gas
feed, and applied ozone concentration

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

The ozone generation systemshall be tested to ensure that the actual ozone
production, power usage, or water consunption rates meet recomended
requirenents. Power usage shall be neasured after achieving steady state
conditions as determ ned by the ozone generator supplier. Power usage
shal | be nmeasured at the central nmotor control center or at each individua
conmponent including the [air dryer,] [refrigerant driers,] [desiccant
driers,] [oxygen generator,] ozone generator, cooling water punps, and
master control panel. Power usage shall be within [5] [__ ] percent of
[ ] kWh per kg pound of ozone generated at 100 percent of rated
capacity. Cooling water supply shall also be nmeasured. Cooling water
consunption rate shall not exceed [ ] L/s gpnm at the paraneters listed
i n paragraph Ozone Cenerator Systemby nore than [5] [__ ] percent. If

t he equi pnent does not neet the specified consunption rates, nake the
necessary systemrevisions to neet the rates specified at no additiona

cost to the Government. Power usage shall also be evaluated at 25, 50, and
75 percent of the design production rate.

12 MANUFACTURER S SERVI CES

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

NOTE: Use this paragraph when manufacturers are to
provide field quality control with onsite personne
for instruction/supervision of the installation or
application of their products, or for startup or
denonstration

Thi s paragraph covers requirenents of the installer

or manufacturer to denonstrate the operation and
mai nt enance of equi pnent to the owner's personnel
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Provi de a manufacturer qualified service representative, experienced in the
installation, adjustnent, operation and mai ntenance of the equi pnent
specified, for a mnimumof [3] [__ ] days to supervise the installation
adj ustnent, testing, and to provide instruction in the operation, and

mai nt enance of the equiprment. |If najor conponents fromnultiple suppliers
are provided, such as an [ozone generator] [air preparation systen] [oxygen
preparati on systen] [ozone destruct systen] [__ ], each supplier shall be
required to visit the site a mnimumof [1] [__ ] tinmes during equi pnent
installation or startup. During the startup and [one] [__
operating period, the najor equi pnment suppliers shall be required to be
onsite [2] [___ ] times to verify that the equipment is installed and
operates properly, and to provide trouble shooting and technical assistance.

.13 FI ELD TRAI NI NG

Provide a field training course for designated operating and mai nt enance
staff nenbers. The training shall include operation of individua
components as well as the integrated system maintenance needs and
procedures, instrument calibration, safety issues and emergency procedures,
control and al arm features, troubl eshooting equi pnent and control problens,
and | aboratory anal ytical procedures. Training shall be provided during
normal working time and shall start after the systemis functionally

conpl ete but prior to performance testing. Field training shall cover al
of the items contained in the operating and mai nt enance nanual s. Each
maj or equi prent vendor including, but not Iimted to, the ozone generator,
ozone destruct system ozone nonitoring system and gas feed system shal

be required to provide two [8] [__ ] hour periods of classroom and
hands-on operating instruction to the individuals selected by the
Contracting Officer. The first period shall be at systemstartup and the
second [as defined by the Contracting Oficer] [at the end of the
Contractor's operating contract, prior to turning over to the long term
facility operator].

-- End of Section --

SECTI ON 44 44 53 Page 41



