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Das Bundesministerium fiir Umwelt, Naturschutz und Reaktorsicherheit und die 16 Bundes-
lander haben eine Verwaltungsvereinbarung geschlossen, um gemeinsam eine auszugsweise
Ubersetzung der BVT-Merkblitter ins Deutsche zu organisieren und zu finanzieren, die im
Rahmen des Informationsaustausches nach Artikel 16 Absatz 2 der Richtlinie 96/61/EG {iber
die integrierte Vermeidung und Verminderung der Umweltverschmutzung (IVU-Richtlinie)
(Sevilla-Prozess) erarbeitet werden. Die Vereinbarung ist am 10.1.2003 in Kraft getreten. Von
den BVT-Merkblittern sollen die fiir die Genehmigungsbehdrden wesentlichen Kapitel
iibersetzt werden. Auch Osterreich unterstiitzt dieses Ubersetzungsprojekt durch finanzielle
Beitrige.

Als Nationale Koordinierungsstelle fiir die BVT-Arbeiten wurde das Umweltbundesamt (UBA)
mit der Organisation und fachlichen Begleitung dieser Ubersetzungsarbeiten beauftragt.

Die Kapitel des von der Europdischen Kommission verdffentlichten BVT-Merkblattes
»Referenzdokument {iber die besten verfligbaren Techniken zur Lagerung geféhrlicher
Substanzen und staubender Giiter*, in denen die Besten Verfiigbaren Techniken beschrieben
sind (Kapitel 4.1, 4.2, 4.3, 4.4, 5.0, 5.1, 5.2, 7. und Glossar), sind im Rahmen dieser
Verwaltungsvereinbarung in Auftrag des Umweltbundesamtes iibersetzt worden.

Die nicht libersetzen Kapitel liegen in diesem Dokument in der englischsprachigen Original-
fassung vor. Diese englischsprachigen Teile des Dokumentes enthalten weitere Informationen
(u.a. Emissionssituation der Branche, Technikbeschreibungen etc.), die nicht iibersetzt worden
sind. In Ausnahmefillen gibt es in der deutschen Ubersetzung Verweise auf nicht iibersetzten
Textpassagen. Die deutsche Ubersetzung sollte daher immer in Verbindung mit dem englischen
Text verwendet werden.

Die Kapitel ,,Zusammenfassung, ,,Vorwort® und ,,Umfang* basieren auf den offiziellen
Ubersetzungen der Europdischen Kommission in einer zwischen Deutschland, Luxemburg und
Osterreich abgestimmten korrigierten Fassung.

Die Ubersetzungen der weiteren Kapitel sind ebenfalls sorgfiltig erstellt und fachlich durch das
Umweltbundesamt und Fachleute der Bundesldnder gepriift worden. Diese deutschen
Ubersetzungen stellen keine rechtsverbindliche Ubersetzung des englischen Originaltextes dar.
Bei Zweifelsfragen muss deshalb immer auf die von der Kommission verdffentlichte englisch-
sprachige Version zuriickgegriffen werden.

Dieses Dokument ist auf der Homepage des Umweltbundesamtes unter der Webadresse
www.bvt.umweltbundesamt.de abrufbar.

Durchfuihrung der Ubersetzung in die deutsche Sprache:

Rainer Remus
Alexandrastralle 19

06844 Dessau

Tel.: +49 (0)340-8595038
E-Mail: rainerremus@web.de

Werner Behnke
Carstennstral3ie 43B

12205 Berlin

Tel.: +49 (0)30-8173840
E-Mail: wbehnke@trans-tech.de
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This document is one of a series of foreseen documents as below (at the time of writing, not all

documents have been drafted):

Full title BREF code
Reference Document on Best Available Techniques for Intensive Rearing of Poultry and Pigs ILF
Reference Document on the General Principles of Monitoring MON
Reference Document on Best Available Techniques for the Tanning of Hides and Skins TAN
Reference Document on Best Available Techniques in the Glass Manufacturing Industry GLS
Reference Document on Best Available Techniques in the Pulp and Paper Industry PP
Reference Document on Best Available Techniques on the Production of Iron and Steel 1&S
Reference Document on Best Available Techniques in the Cement and Lime Manufacturing Industries CL
Reference Document on the Application of Best Available Techniques to Industrial Cooling Systems ()%
Reference Document on Best Available Techniques in the Chlor — Alkali Manufacturing Industry CAK
Reference Document on Best Available Techniques in the Ferrous Metals Processing Industry FMP
Reference Document on Best Available Techniques in the Non Ferrous Metals Industries NFM
Reference Document on Best Available Techniques for the Textiles Industry TXT
Reference Document on Best Available Techniques for Mineral Oil and Gas Refineries REF
Reference Document on Best Available Techniques in the Large Volume Organic Chemical Industry LVOC
Reference Document on Best. Available . Techniques in the Waste Water and Waste Gas CWW
Treatment/Management Systems in the Chemical Sector
Reference Document on Best Available Techniques in the Food, Drink and Milk Industry FM
Reference Document on Best Available Techniques in the Smitheries and Foundries Industry SF
Reference Document on Best Available Techniques on Emissions from Storage ESB
Reference Document on Best Available Techniques on Economics and Cross-Media Effects ECM
Reference Document on Best Available Techniques for Large Combustion Plants LCP
Reference Document on Best Available Techniques in the Slaughterhouses and Animals By-products SA
Industries
Reference Document on Best Available Techniques for Management of Tailings and Waste-Rock in
Mining Activities MTWR
Reference Document on Best Available Techniques for the Surface Treatment of Metals STM
Reference Document on Best Available Techniques for the Waste Treatments Industries WT
Reference Document on Best Available Techniques for the Manufacture of Large Volume Inorganic
Chemicals (Ammonia, Acids and Fertilisers) LVIC-AAF
Reference Document on Best Available Techniques for Waste Incineration WI
Reference Document on Best Available Techniques for Manufacture of Polymers POL
Reference Document on Energy Efficiency Techniques ENE
Reference Document on Best Available Techniques for the Manufacture of Organic Fine Chemicals OFC
Referc?nce Document on Best Available Techniques for the Manufacture of Specialty Inorganic SIC
Chemicals
Reference Document on Best Available Techniques for Surface Treatment Using Solvents STS
Reference Document on Best Available Techniques for the Manufacture of Large Volume Inorganic
Chemicals (Solids and Others) LVIC-S
Reference Document on Best Available Techniques in Ceramic Manufacturing Industry CER




Zusammenfassung

ZUSAMMENFASSUNG

Das horizontale Referenzdokument iiber die besten verfligbaren Techniken (BVT-Merkblatt) mit dem Titel
‘Lagerung gefihrlicher Substanzen und staubender Giiter’ beruht auf einem Informationsaustausch nach Artikel
16 Absatz 2 der Richtlinie 96/61/EG des Rates (IVU-Richtlinie). In der vorliegenden Zusammenfassung, die im
Zusammenhang mit der im Vorwort des BVT-Merkblatts gegebenen Erlduterung der Zielsetzungen, der
Verwendung und des rechtlichen Rahmens zu betrachten ist, werden die wichtigsten Erkenntnisse, die
wesentlichen Schlussfolgerungen zu den BVT und den mit diesen verbundenen Emissions-/Verbrauchswerten
beschrieben. Sie kann als eigenstdndiges Dokument betrachtet werden, das jedoch als Zusammenfassung nicht
die gesamte Vielschichtigkeit der vollstindigen Textfassung des Referenzdokuments widerspiegelt. Die
Zusammenfassung kann daher nicht als Ersatz fiir die vollstdndige Textversion des Dokuments dienen, bei dem
es sich um ein Hilfsmittel im Prozess der Bestimmung der BVT handelt.

Umfang

Das Thema ‘Emissionen aus der Lagerung von Schiittgut oder geféhrlichen Stoffen’ wurde fiir alle in Anhang I
der IVU-Richtlinie beschriebenen Tatigkeiten als horizontale Fragestellung erkannt. Dies bedeutet, dass sich
dieses Dokument auf die Lagerung, den Transport und den Umschlag von Fliissigkeiten, Fliissiggasen und
Feststoffen bezieht, unabhingig vom Sektor oder Industriezweig. Behandelt werden Emissionen in die
Atmosphére, in Boden und in Gewésser, wobei der Schwerpunkt allerdings auf den Emissionen in die
Atmosphire liegt. Bei den Informationen iiber Emissionen aus der Lagerung und dem Umschlag/Transport von
Feststoffen in die Atmosphire liegt der Schwerpunkt auf Stauben.

Allgemeine Informationen, Stoffe und Klassifizierung

Kapitel 1, Allgemeine Informationen, enthélt allgemeine Informationen zur Umweltrelevanz der Lagerung und
des Umschlags von Schiittgut und gefdhrlichen Stoffen sowie zur Emissionssituation bei Lageranlagen; dabei
werden in allgemeiner Weise die wichtigsten Quellen von Emissionen in die Atmosphire und in Gewisser
sowie von Emissionen in Form von Abfillen identifiziert. Kapitel 2, Stoffe und Klassifizierung, behandelt die
verschiedenen Klassifizierungssysteme fiir Stoffe und die verschiedenen Stoffkategorien, beispielsweise
Toxizitdt, Entflammbarkeit und Umweltschédlichkeit. Fiir als Schiittgut vorliegende Feststoffe wird auch die
Staubneigungsklasse behandelt.

Angewandte Lagerungs-, Transport- und Umschlagtechniken sowie Techniken, die bel der Festlegung
von BVT in Betracht zu ziehen sind

In Kapitel 3, Angewandte Lagerungs-, Transport- und Umschlagtechniken, werden die Techniken beschrieben,
die bei der Lagerung, beim Transport und beim Umschlag von Fliissigkeiten, Fliissiggasen und Feststoffen
angewandt werden. In Kapitel 4 werden Techniken beschrieben, die bei der Festlegung von BVT in Betracht zu
ziehen sind, ebenfalls bezogen auf Fliissigkeiten, Fliissiggase und Feststoffe. Die Zusammenfassung befasst sich
zuerst mit den Themen betreffend Fliissigkeiten und Fliissiggase, Themen im Zusammenhang mit den
Feststoffen werden danach behandelt.
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Zusammenfassung

Flussigkeiten und Flissiggase

Fir die Lagerung von Fliissigkeiten und Fliissiggasen werden in Kapitel 3 die folgenden Lagerarten
beschrieben:

offene Lagertanks

Schwimmdachtanks

(stehende) Festdachtanks

oberirdische liegende Lagertanks (drucklos)
liegende Lagertanks (unter innerem Uberdruck)
stehende Lagertanks (unter innerem Uberdruck)
Kugeltanks (unter innerem Uberdruck)
umwallte Lagerung (unter innerem Uberdruck)
Hubdachtanks (mit variablem Dampfraum)
gekiihlte Lagertanks

unterirdische liegende Lagertanks

Behilter und Lagerung von Behéltern

Becken und Teiche

Kavernen in Bergwerken (drucklos)

Kavernen in Bergwerken (unter innerem Uberdruck)
Salzkavernen und

schwimmende Lagerung.

Fiir Tanks und andere Lagerungsarten werden Ausriistungen wie Be- und Entliiftungseinrichtungen,
Messinstrumente, Probenahme- und Zugangsluken, Messschiachte und Verankerungsmasten, Abfliisse,
Dichtungselemente und Ventile sowie gemeinsame Fragen behandelt; auch die Punkte Auslegung,
Inbetriebnahme und Stilllegung, Wirtschaftlichkeit, Management und Betrieb werden behandelt.

Fiir den Transport und den Umschlag von Fliissigkeiten und Fliissiggasen werden Ausriistungen wie Be- und
Entliiftungseinrichtungen, Abfliisse, Dichtungselemente und Druckentlastungseinrichtungen sowie die
folgenden Techniken oder Operationen beschrieben:

oberirdische offene und geschlossene Rohrleitungssysteme
unterirdische Rohrleitungssysteme

Be- und Entladung von Lieferfahrzeugen
Schwerkraftstrom

Pumpen und Kompressoren

Edelgase

Flansche und Dichtungen sowie

Ventile und Armaturen.

Fiir jede Lagerungsart und fiir jede Transport- und Umschlagoperation werden die relevanten betrieblichen
Tatigkeiten, beispielsweise Befiillung, Entleerung, Tankatmung, Reinigung, Ablassen, Rohrreinigung und —
durchspiilung, Herstellen/Trennen von Anschliissen sowie mogliche Vor- und Zwischenfille, beispielsweise
Uberfiillung und Leckagen, die potenziell zu einer Emission fiihren, aufgefiihrt. Dies bildet die Grundlage fiir
die Beschreibung der moglichen Emissionen nach Lagerungsart und Tatigkeit. Die moglichen Emissionsquellen
aus Lagerungsarten sowie Transport- und Umschlagoperationen werden insbesondere mittels eines
Risikomatrixkonzepts flir weitere Analysen ausgewéhlt. Bei diesem Konzept findet ein Bewertungssystem
Anwendung, bei dem durch die Multiplikation der Emissionshdufigkeit mit der Emissionsmenge fiir jede
einzelne Lagerungsart sowie Transport- und Umschlagoperation Punktwerte fiir Emissionen aus betrieblichen
Quellen errechnet werden. Alle potenziellen Emissionsquellen mit einer Bewertung von 3 oder mehr Punkten
werden als relevant betrachtet; daher werden in Kapitel 4, Techniken, die bei der Festlegung von BVT in
Betracht zu ziehen sind, Emissionskontrollmanahmen zur Verhinderung oder Verringerung der potenziellen
Emissionen aus diesen Quellen erortert.
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Zusammenfassung

Kapitel 4 enthélt Informationen zu den moglichen EmissionskontrollmaBBnahmen fiir jede in Kapitel 3 erorterte
Lagerungsart, was auch eine Bewertung der relevanten Sicherheitsaspekte und betrieblichen Aspekte sowie
wirtschaftliche Uberlegungen umfasst. Tanks werden fiir die Lagerung einer groBen Vielfalt von Stoffen
eingesetzt, beispielsweise Diinger, Kiihlwasser sowie Chemikalien und Petrochemikalien jeglicher Art. In der
petrochemischen Industrie, wo groBe Mengen chemischer Erzeugnisse und Olerzeugnisse in Tanks gelagert
werden, wurden umfangreiche Erfahrungen beziiglich der Vermeidung und Verringerung von Emissionen
gesammelt; daher bezieht sich ein erheblicher Teil der Informationen in diesem BVT-Merkblatt auf die
Lagerung von petrochemischen Erzeugnissen in Tanks.

In Bezug auf Emissionen aus dem normalen Betrieb eines Tanks werden die folgenden Emissions-
kontrollmaBBnahmen, bei denen es sich nicht nur um technische MalB3nahmen, sondern auch um betriebliche
Instrumente und Managementinstrumente handelt, erdrtert und bewertet:

Tankauslegung

Inspektion, Instandhaltung und Uberwachung
Grundsatz der Emissionsminimierung
schwimmende, flexible und feste Abdeckungen
Kuppeln

Tankanstrich

Sonnenschutz

natiirliche Tankkiihlung

Schwimmdéicher und Schwimmdecken sowie Dachabdichtungen
Uberdruck- und Unterdruckventile

Ablasssysteme

Dampfstabilisierung und Dampfaufbereitung sowie
Mischung und Schlammbeseitigung.

Dieses Kapitel enthdlt auch ein allgemeines methodisches Instrument fiir die Bewertung der
Emissionskontrollmainahmen fiir Tanks fiir spezifische Félle (spezifisches Produkt, spezifischer Standort und
spezifischer Lagertank) sowie mehrere Fallstudien.

Als Emissionskontrollmafinahmen fiir potenzielle Emissionen aus Tanks infolge von Zwischenfillen und
(schweren) Unfillen werden erdrtert und bewertet:

Sicherheit und Risikomanagement
betriebliche Verfahren und Schulung
Anzeige fiir geringen Fiillstand bei Schwimmdachtanks
Leckagen und Uberfiillung, z. B.:
0 Leckagen aufgrund von Korrosion und Erosion
0 Messgeriteausriistung und Automatisierung zur Verhinderung von Uberfiillung und zur Erfassung
von Leckagen
0 undurchldssige Sperren und Tankwélle
0 doppelwandige Tanks
Brandschutz-, Feuerldschausriistung und UmschlieBung.

Bei den in Kapitel 3 beschriebenen Lagerungstechniken fiir verpackte gefahrliche Stoffe handelt es sich um
Lagerzellen, Lagergebdude und Lagerpldtze. Emissionen aus dem normalen Betrieb treten bei verpackten
Stoffen nicht auf; die einzig moglichen Emissionen sind auf Zwischenfille und (schwere) Unfille
zuriickzufiihren. Bei den in Kapitel 4 erorterten und bewerteten Emissionskontrollmafinahmen handelt es sich
um:

Sicherheit und Risikomanagement

Konstruktion sowie Be- und Entliiftung

Strategien fiir Trennung und Getrenntlagerung

Riickhaltung von Leckagen und kontaminiertem Ldschmittel sowie
Brandschutz- und Feuerloschausriistung.
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Zusammenfassung

In der Industrie dienen meistens Becken und Teiche als Reservoir fiir Kiihl- und Ldschmittel sowie fiir
behandeltes und unbehandeltes Abwasser. In der Landwirtschaft ist ihre Nutzung fiir die Lagerung von Diinger
weit verbreitet. Die in Kapitel 4 fiir Becken und Teiche erorterten und bewerteten Emissionskontrollmafnahmen
umfassen schwimmende Abdeckungen sowie Kunststoffabdeckungen oder starre Abdeckungen, undurchléssige
Sperren und Sicherheitsvorkehrungen gegen ein Uberfiillen infolge von Regenfillen.

Bei den identifizierten Arten von Kavernen handelt es sich um Kavernen in Bergwerken, die zwar drucklos sein
konnen, die aber meistens unter innerem Uberdruck stehen, sowie Salzkavernen. Kavernen dienen
typischerweise zur Lagerung von Kohlenwasserstoffen, beispielsweise von Rohdol, Benzin, Dieselkraftstoff,
Heizdl und fliissigem Propangas. Emissionen aus dem normalen Betrieb von unter innerem Uberdruck
stehenden Kavernen in Bergwerken und Salzkavernen werden als nicht signifikant betrachtet, weshalb keine
EmissionskontrollmaBBnahmen identifiziert werden. Fiir drucklose Kavernen in Bergwerken wird jedoch die
Dampfstabilisierung als Emissionsminderungsmafnahme fiir Emissionen aus dem normalen Betrieb erortert und
bewertet. Die Emissionskontrollmafnahmen fiir Emissionen aus Zwischenfillen und (schweren) Unfillen, deren
bedarfsweise Anwendung fiir die verschiedenen Arten von Kavernen erdrtert wird, umfassen:

Sicherheit und Risikomanagement
Uberwachung

inhdrente Sicherheitseigenschaften
Aufrechterhaltung des hydrostatischen Druckes
Zementeinspritzung

verkettetes Verriegelungssystem und
automatischer Uberfiillungsschutz.

Die schwimmende Lagerung, d. h. die Lagerung auf Schiffen, dient manchmal dazu, zusétzliche, temporire
Lagerkapazitéiten bei einem Schiffsterminal bereitzustellen. Bei diesen Schiffen handelt es sich iiblicherweise
um chemalige Handelsschiffe. Uber- und Unterdruckventile, Tankanstrich sowie Dampfstabilisierung, Dampf-
pendelung oder Dampfaufbereitung dhneln den fiir Lagertanks identifizierten EmissionskontrollmaBBnahmen.
Einige Emissionskontrollmainahmen fiir Emissionen aus Zwischenfillen und (schweren) Unféllen wurden
identifiziert, weitere diesbeziigliche Informationen wurden jedoch nicht vorgelegt.

Fiir den Transport und Umschlag von Fliissigkeiten und Fliissiggasen werden, im Vergleich zur Lagerung dieser
Stoffe, weit weniger Emissionskontrollmainahmen identifiziert und erdrtert. Die wichtigsten dieser MaB-
nahmen sind: einige Managementinstrumente, Vermeidung interner und externer Korrosion, Dampf-
stabilisierung sowie Aufbereitung fiir die Beladung (und Entladung) von Lieferfahrzeugen. Fiir den Umschlag
der Produkte werden Hochleistungsventilarten und —pumpenarten erortert und bewertet, beispiclsweise
Federbalgventile und Membranventile sowie dichtungsfreie Pumpen und Pumpen mit doppelten Druck-
dichtungen oder drucklosen Dichtungen.

Feststoffe

In Kapitel 3 werden auch die bei der Lagerung, beim Transport und beim Umschlag von Feststoffen in Form
von Schiittgut angewandten Techniken beschrieben. Behandelt werden verschiedene Arten der Freilagerung, die
eine wichtige potenzielle Quelle von Staubemissionen darstellt, ebenso wie die Lagerung in Séicken und
Schiittgutbeuteln, Silos und Bunkern sowie die Lagerung von verpackten gefdhrlichen Feststoffen. Der
eigentliche Umschlag von Schiittgut ist eine weitere — und im Vergleich zur Lagerung sogar noch gréfere —
potenzielle Quelle von Staubemisionen. Beschrieben werden mehrere Be- und Entladetechniken sowie
Fordertechniken, ndmlich:

Greifer

Schiitttrichter

Kiibel

Saugluftforderer

mobile Verladeeinrichtungen
Schiittgossen

Beladerohre und Verladeschldauche
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Zusammenfassung

Kaskadenschlduche

Rutschen

Schleuderbéander

Bandf6rderer

Becherwerk

Ketten- und Schneckenforderer
Druckluftforderer und
Aufgabeeinrichtungen.

In Kapitel 4, Techniken, die bei der Festlegung von BVT in Betracht zu ziehen sind, werden
EmissionskontrollmaBBnahmen zur Vermeidung von Staubemissionen aus der Lagerung, dem Transport und dem
Umschlag von Feststoffen beschrieben und bewertet. Es werden drei Ansédtze zur Staubbekdmpfung
identifiziert, die zur Minimierung der Stdaube aus der Lagerung und dem Umschlag dienen, ndmlich: pra-primire
MaBnahmen, primdre MaBnahmen und sekunddre MaBnahmen. Pra-primére Mafnahmen sind Teil des
Erzeugungs- oder Gewinnungsprozesses und liegen daher auBerhalb des Anwendungsbereichs dieses
Dokuments. Primdre MaBnahmen sind MaBnahmen zur Verhinderung der Staubentstehung; sie konnen in
organisatorische, technische und bauliche Maflnahmen unterteilt werden, wobei die letztgenannten MaBinahmen
nur auf die Lagerung anwendbar sind, nicht auf den Umschlag. Sekundire Mallnahmen sind
Minderungstechniken zur Begrenzung der Staubausbreitung, wenn die Staubentstehung nicht verhindert werden
konnte. Fiir die Lagerung von Feststoffen sind die Maflnahmen und Techniken zur Verhinderung und
Begrenzung von Staubemissionen in Tabelle 1 aufgefiihrt.

MaRnahmen und Techniken zur Reduzierung von Staubemissionen ausder Lagerung von
Feststoffen
. e  Uberwachung
g < | ® Gestaltung und Betrieb von Lagerplitzen (durch den Planer und das
§D -é Betriebspersonal)
& * | o Instandhaltung (von Vermeidungs-/Minderungstechniken)
e Verringerung von Windangriffsflichen
. e GroBraumsilos
:g = e Lagerhallen oder iiberdachte Lager
& ._‘;’ e Kuppeln
3 e  selbsterrichtende Abdeckungen
e  Silos und Schiittgutbehilter
e  Windschutzwille, -zdune und/oder —pflanzungen
L= |® Einsatz von Windschutzeinrichtungen
S .2 | e  Abdeckung bei offener Lagerung
== T Befeuchtung von offenen Lagerflichen
2 5 o Wasserbesprithung/Wasservorhénge und Bediisung mit Wasser
A e Absaugung aus Lagerhallen und Silos

Tabelle 1: Mallnahmen und Techniken zur Reduzierung von Staubemissionen aus der Lagerung von Feststoffen

Alle diese Techniken werden in Kapitel 4 beschrieben und bewertet. Die MaBBnahmen und Techniken zur
Vermeidung und Begrenzung von Staubemissionen beim Umschlag von Feststoffen werden in Tabelle 3
aufgefiihrt. Diese Techniken werden ebenfalls in Kapitel 4 beschrieben und bewertet.
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Zusammenfassung

MaRnahmen und Techniken zur Reduzierung von Staubemissionen aus dem Transport und
Umschlag von Feststoffen

Wetterbedingungen

MaBnahmen (fiir den Kranfiihrer) beim Einsatz eines Greifers:

e  Verringerung der Abwurfhdhe beim Abgeben des Materials

e vollstindiges SchlieBen des Greifers/der Schalen nach der Materialaufnahme

e ausreichend langes Verweilen des Greifers in den Trichtern nach dem Abwurf

o  Finstellen des Greiferbetriebs bei starkem Wind.

MaBnahmen (fiir den Bediener) beim Einsatz eines Bandforderers:

e angemessene Geschwindigkeit des Forderers

e  Vermeidung der Bandbeladung bis zu den Réndern.

MaBnahmen (fiir den Bediener) beim Einsatz eines mechanischen Schaufelladers:

e  Verringerung der Abwurfhdhe beim Abgeben des Materials

e  Wahl der richtigen Position beim Entladen in einen Lkw.

Gestaltung und Betrieb von Lagerplédtzen (durch den Planer und das Betriebspersonal)

e  Verringerung der Transportwege

e  Anpassung der Fahrzeuggeschwindigkeiten

e  befestigte StraBBenoberflichen

e Verringerung von Windangriffsflichen

Optimierte Greifer

Einsatz geschlossener Forderer (z. B. Schlauchgurtférderer, Schneckenférderer)

Forderband ohne Stiitzrollen

Primédre Maflnahmen an konventionellen Férderbidndern

Primire MaBnahmen an Ubergaberutschen

Minimierung der Fallgeschwindigkeit

Minimierung der freien Fallhdhen (z. B. Kaskadenschurren)

Einsatz von Staubsperren an Schiittgossen und Schiitttrichtern

Staubarme Bunker

Fahrgestelle von Fahrzeugen mit runden Aufbauten

Abschirmungen fiir offene Férderbander

Einhausung oder Abdeckung der Emissionsquellen

Anwendung von Staubschiirzen/-hauben, Aufsatzkonus und Verschlusskegel bei Beladerohren

Absaugsysteme

Filtersysteme fiir pneumatische Forderer

Schiittgossen mit Absaugvorrichtung, Einhausung und Staubsperren

Optimierte Schiitttrichter (in Héfen)

Techniken der Wasserbesprithung/Wasservorhdnge und Bediisung mit Wasser

Reinigung von Forderbdndern

Ausriistung von Lkw mit mechanischen/hydraulischen Klappen

StraBenreinigung

Reinigung von Fahrzeugreifen

Organisatorisch

Primir

Technisch

Sekundir

Tabelle 2: Mafsnahmen und Techniken zur Verringerung von Staubemissionen aus dem Transport und Umschlag
von Feststoffen

Beste verfligbare Techniken

Die folgenden Absitze enthalten eine Zusammenfassung von Kapitel 5, Beste verfiigbare Techniken. Dabei
werden die Techniken, Mafinahmen oder Tétigkeiten beschrieben, aus denen Schlussfolgerungen zu BVT
gewonnen werden. Diese beziehen sich auf die Umweltschutzprobleme mit der hochsten Relevanz, ndmlich auf
Emissionen aus dem normalen Betrieb in die Atmosphére und den Boden bei der Lagerung und dem Umschlag
von Fliissigkeiten sowie auf Staubemissionen aus der Lagerung und dem Umschlag von Feststoffen. In einigen
Situationen werden auch Schlussfolgerungen zu BVT betreffend Emissionen aus Zwischenfillen und
(schweren) Unféllen aufgefiihrt. Diese Absitze sollten nicht anstelle des Kapitels ‘Beste verfiigbare Techniken’
betrachtet werden. Ferner sollte das Kapitel iiber BVT nicht isoliert von dem Rest des BVT-Merkblatts
betrachtet werden. Aus diesem Grund enthélt jede Schlussfolgerung iiber BVT Querverweise auf die relevanten
Abschnitte in anderen Kapiteln.
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Die Schlussfolgerungen zu BVT in Kapitel 5 werden wie folgt zusammengefasst. Zuerst werden Schluss-
folgerungen zu BVT bei der Lagerung von Fliissigkeiten und Fliissiggasen aufgefiihrt, wobei die allgemeinen
Grundsitze zur Verhinderung und Verringerung von Emissionen behandelt werden, ndmlich:

Inspektion und Instandhaltung

Standort und Gestaltung

Tankanstrich

Grundsatz der Emissionsminimierung bei der Tanklagerung
Uberwachung von VOC und

spezielle Systeme.

Darauf folgen tankspezifische Schlussfolgerungen zu BVT betreffend Emissionen aus dem normalen Betrieb,
wobei alle in Kapitel 4 beschriebenen Arten von Tanks behandelt werden, in logischer Weise gefolgt von
Schlussfolgerungen zu BVT betreffend (potenzielle) Emissionen, die nicht aus dem normalen Tankbetrieb
resultieren, ndmlich betreffend die Verhiitung von Zwischenfillen und (schweren) Unfillen, wobei folgende
Punkte behandelt werden:

Sicherheit und Risikomanagement

betriebliche Verfahren und Schulung

Leckagen aufgrund von Korrosion und/oder Erosion

betriebliche Verfahren und Messgeriteausriistung zur Verhinderung von Uberfiillung
Messgeriteausriistung und Automatisierung zur Erfassung von Leckagen
risikobasiertes Konzept fiir Emissionen in den Boden unter den Tanks
Bodenschutz im Umfeld von Tanks (Riickhaltung)

feuergefahrliche Bereiche und Ziindquellen

Brandschutz

Feuerloschausriistung und

Riickhaltung von kontaminiertem Loschmittel.

Auf die BVT-Schlussfolgerungen betreffend die Tanklagerung folgen die BVT-Schlussfolgerungen betreffend
die anderen Lagerungstechniken, ndmlich:

e Lagerung verpackter gefdhrlicher Stoffe
e Becken und Teiche sowie
e Kavernen in Bergwerken und Salzkavernen

Es wird der Schluss gezogen, dass die schwimmende Lagerung keine BVT ist.

An zweiter Stelle werden BVT-Schlussfolgerungen betreffend den Transport und den Umschlag von Fliissig-
keiten und Flissiggasen aufgefiihrt, ebenfalls beginnend mit den allgemeinen Grundsitzen zur Vermeidung und
Verringerung von Emissionen, wobei es sich in diesem Fall handelt um:

Inspektion und Instandhaltung

Programm fiir Lecksuche und Reparatur

Grundsatz der Emissionsminimierung bei der Tanklagerung
Sicherheit und Risikomanagement sowie

betriebliche Verfahren und Schulung.

Es werden BVT-Schlussfolgerungen zu spezifischen Techniken gezogen, und zwar betreffend Rohrleitungs-
systeme, wobei oberirdische und unterirdische Rohrleitungssysteme behandelt werden, Bekdmpfung von
Emissionen aus Be- und Entladetitigkeiten, Verbindungselemente in den Rohrleitungssystemen und Korro-
sionsverhiitung, Ventile, Pumpen und Kompressoren sowie Anschliisse fiir Probenahmen.

An dritter Stelle werden BVT-Schlussfolgerungen betreffend Staubemissionen aus der offenen und der
geschlossenen Lagerung sowie aus der Lagerung von verpackten Stoffen aufgefiihrt, die mit einer BVT-
Schlussfolgerung betreffend die Sicherheit und das Risikomanagement enden.
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SchlieBlich werden die BVT-Schlussfolgerungen betreffend Staubemisisonen aus dem Transport und dem
Umschlag von Feststoffen aufgefiihrt, wobei mit Schlussfolgerungen zu den folgenden allgemeinen Mal3-
nahmen zur Minimierung von Staubemissionen begonnen wird:

e Planung der Umschlagtitigkeiten
e kontinuierlicher Transport
e Minderungsmalinahmen bei diskontinuierlichem Transport, und zwar:
0 Reinigung von Stralen und Fahrzeugreifen
0 Befeuchtung des Produkts
0 Minimierung der Austrittsgeschwindigkeit und
0 Minimierung der freien Fallhdhe.

Auf die BVT-Schlussfolgerungen zu allgemeinen MaBnahmen folgen Schlussfolgerungen betreffend die
Minimierung von Staubemissionen aus den Umschlagtechniken Greifer und Forderer.

Abschliefiende Bemerkungen
In Kapitel 7 — AbschlieBende Bemerkungen — findet der Leser Informationen betreffend:

e welche von der technischen Arbeitsgruppe vorgelegten Informationen die Eckpfeiler dieses BVT-
Merkblatts bilden

e das hinsichtlich der BVT-Schlussfolgerungen erzielte Maf} an Konsens

e die Empfehlungen fiir kiinftige Arbeiten und

e die fiir kiinftige FuE-Projekte vorgeschlagenen Themen.

Es wird der Schluss gezogen, dass ein hohes Mal3 an Konsens erreicht wurde, da bei insgesamt 110 BVT-
Schlussfolgerungen nur 5 geteilte Meinungen zu verzeichnen waren. Diese geteilten Meinungen beziehen sich
auf einige BVT-Schlussfolgerungen in den Abschnitten {iber Lagerung und Umschlag von Fliissigkeiten und
Fliissiggasen. Bei den BVT-Schlussfolgerungen betreffend die Lagerung und den Umschlag von Feststoffen
waren keine geteilten Meinungen zu verzeichnen. Geteilte Meinungen gab es zu folgenden Themen:

o Bewertungsmethodik (Methodik fiir Emissionskontrollmafnahmen)

e Erfordernis des Einsatzes einer Dampfaufbereitungsanlage bei der Lagerung bestimmter fliichtiger Stoffe im
Zusammenhang mit drei verschiedenen Arten von Tanks und

e fiir die Quantifizierung von VOC-Emissionen einzusetzendes Instrument.

Auf der Sitzung des Informationsaustauschforums (IEF) im Dezember 2004 war eine generelle abweichende
Meinung einiger Mitgliedstaaten beziiglich der Konzentration auf die Festlegung von BVT auf Einzelfallbasis
zu verzeichnen, die in Kapitel 5 aufgenommen wurde.

Die Empfehlungen fiir die kiinftige Uberarbeitung des BVT-Merkblatts betreffen die folgenden Themen:

e Entwicklung eines europdischen Klassifizierungssystems fiir Luftschadstoffe

e Trennung der Lagerung und des Umschlags von Fliissigkeiten und Fliissiggasen von der Lagerung und dem
Umschlag von Feststoffen, weil es sich dabei um zwei vollig verschiedene Gebiete handelt, die demzufolge
unterschiedliches Fachwissen erfordern

e Uberwachung von VOC-Emissionen und Instrumente zur Validierung der Methoden fiir die Berechnung der
Emissionen

e Aktualisierung der Aufstellung von Techniken zur Verhinderung oder Verringerung von Emissionen aus
Tanks in den Boden

e Datensammlung iiber Be- und Entladung von Lieferfahrzeugen beziiglich fliichtiger Stoffe, und

e Sammlung von Feedback beziiglich der Bewertungsmethodik.

Die Européische Kommission lanciert und unterstiitzt {iber ihre FTE-Programme eine Reihe von Projekten, die
sich mit sauberen Technologien, mit in Entwicklung befindlichen Technologien im Bereich der Aufbereitung
von Ableitungen sowie mit Recyclingtechnologien und Managementstrategien befassen. Diese Projekte konnten
einen sinnvollen Beitrag zu kiinftigen Uberarbeitungen des BVT-Merkblatts leisten. Die Leser werden daher
ersucht, das EIPPCB {iber eventuelle Forschungsergebnisse, die fiir den Anwendungsbereich dieses Dokuments
relevant sind, zu unterrichten (siehe auch das Vorwort dieses Dokuments).
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VORWORT
1. Statusdes Dokuments

Sofern nicht anders angegeben, beziehen sich alle Hinweise auf “die Richtlinie” im vorliegenden Dokument auf
die Richtlinie 96/61/EG des Rates iiber die integrierte Vermeidung und Verminderung der Umweltverschmutz-
ung. Dieses Dokument ist Teil einer Reihe, in der die Ergebnisse eines Informationsaustauschs zwischen den
EU-Mitgliedstaaten und der betroffenen Industrie iiber beste verfiigbare Techniken (BVT), die damit
verbundenen UberwachungsmaBnahmen und die Entwicklungen auf diesem Gebiet vorgestellt werden. Es wird
von der Europdischen Kommission gemifl Artikel 16 Absatz 2 der Richtlinie verdffentlicht und muss daher
gemil Anhang IV der Richtlinie bei der Festlegung der “besten verfiigbaren Techniken” beriicksichtigt werden.

2. In der Richtlinie Uber die integrierte Vermeidung und Verminderung der Umweltver schmutzung
ver ankerte rechtliche Pflichten und Definitionen der BVT

Um dem Leser das Verstindnis des Rechtsrahmens fiir die Erarbeitung des vorliegenden Dokuments zu
erleichtern, werden im Vorwort die wichtigsten Bestimmungen der Richtlinie liber die integrierte Vermeidung
und Verminderung der Umweltverschmutzung beschrieben und eine Definition des Begriffs “beste verfiigbare
Techniken” gegeben. Diese Beschreibung muss zwangsldufig unvollstindig sein und dient ausschlieBlich
Informationszwecken. Sie hat keine rechtlichen Konsequenzen und dndert oder prijudiziert in keiner Weise die
Bestimmungen der Richtlinie.

Die Richtlinie dient der integrierten Vermeidung und Verminderung der Umweltverschmutzung, die durch die
im Anhang I aufgefiihrten Tétigkeiten verursacht wird, damit insgesamt ein hohes Umweltschutzniveau erreicht
wird. Die Rechtsgrundlage der Richtlinie bezieht sich auf den Umweltschutz. Bei ihrer Umsetzung sollten auch
die anderen Ziele der Gemeinschaft wie die Wettbewerbsfahigkeit der europédischen Industrie beriicksichtigt
werden, damit sie zu einer nachhaltigen Entwicklung beitragt.

Im Einzelnen sieht sie ein Genehmigungsverfahren fiir bestimmte Kategorien industrieller Anlagen vor und
verlangt sowohl von den Betreibern als auch den regelnden Behdrden und sonstigen Einrichtungen ein
integriertes, ganzheitliches Betrachten des Umweltverschmutzungs- und Verbrauchspotentials der Anlage. Das
Gesamtziel dieses integrierten Konzepts muss darin bestehen, das Management und die Kontrolle der
industriellen Prozesse so zu verbessern, dass ein hohes Schutzniveau fiir die Umwelt insgesamt sichergestellt
wird. Von zentraler Bedeutung fiir dieses Konzept ist das in Artikel 3 definierte allgemeine Prinzip, das die
Betreiber auffordert, alle geeigneten Vorsorgemafinahmen gegen Umweltverschmutzungen zu treffen, insbeson-
dere durch den Einsatz der besten verfiigbaren Techniken, mit deren Hilfe sie ihre Leistungen im Hinblick auf
den Umweltschutz verbessern kdnnen.

Der Begriff “beste verfiigbare Techniken” wird in Artikel 2 Absatz 11 der Richtlinie definiert als “der
effizienteste und fortschrittlichste Entwicklungsstand der Tatigkeiten und entsprechenden Betriebsmethoden,
der spezielle Techniken als praktisch erscheinen ldsst, grundsétzlich als Grundlage fiir die Emissionsgrenzwerte
zu dienen, um Emissionen in und Auswirkungen auf die gesamte Umwelt allgemein zu vermeiden oder, wenn
dies nicht mdglich ist, zu vermindern.” Weiter heif3t es in der Begriffsbestimmung in Artikel 2 Absatz 11:

“Techniken” beinhalten sowohl die angewandte Technologie als auch die Art und Weise, wie die Anlage
geplant, gebaut, gewartet, betrieben und stillgelegt wird;

Als “verfiigbar” werden jene Techniken bezeichnet, die in einem MaBstab entwickelt sind, der unter
Beriicksichtigung des Kosten/Nutzen-Verhéltnisses die Anwendung unter in dem betreffenden industriellen
Sektor wirtschaftlich und technisch vertretbaren Verhiltnissen ermoglicht, gleich, ob diese Techniken innerhalb
des betreffenden Mitgliedstaats verwendet oder hergestellt werden, sofern sie zu vertretbaren Bedingungen fiir
den Betreiber zuginglich sind;

Als “beste” gelten jene Techniken, die am wirksamsten zur Erreichung eines allgemein hohen Schutzniveaus fiir
die Umwelt insgesamt sind.

Anhang IV der Richtlinie enthilt eine Liste von “Punkten, die bei Festlegung der besten verfiigbaren Techniken
im Allgemeinen wie auch im Einzelfall zu beriicksichtigen sind unter Beriicksichtigung der sich aus einer
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Malinahme ergebenden Kosten und ihres Nutzens sowie des Grundsatzes der Vorsorge und Vermeidung.” Diese
Punkte schlieBen jene Informationen ein, die von der Kommission gemél Artikel 16 Absatz 2 verdffentlicht
werden.

Die fiir die Erteilung von Genehmigungen zustéindigen Behorden haben bei der Festlegung der Genehmigungs-
auflagen die in Artikel 3 definierten allgemeinen Prinzipien zu beriicksichtigen. Diese Genehmigungsauflagen
miissen Emissionsgrenzwerte enthalten, die gegebenenfalls durch &dquivalente Parameter oder technische
MaBnahmen erginzt bzw. ersetzt werden. Entsprechend Artikel 9 Absatz 4 der Richtlinie sind diese
Emissionsgrenzwerte, dquivalenten Parameter und technischen MaBnahmen unbeschadet der Einhaltung der
Umweltqualitdtsnormen auf die besten verfiigbaren Techniken zu stiitzen, ohne dass die Anwendung einer
bestimmten Technik oder Technologie vorgeschreiben wird; hierbei sind die technische Beschaffenheit der
betreffenden Anlage, ihr geografischer Standort und die jeweiligen ortlichen Umweltbedingungen zu beriick-
sichtigen. In jedem Fall haben die Genehmigungsauflagen Vorkehrungen zur weitestgehenden Verminderung
weitrdumiger oder grenziiberschreitender Umweltverschmutzungen vorzusehen und ein hohes Schutzniveau fiir
die Umwelt insgesamt zu sichern.

Gemal Artikel 11 der Richtlinie haben die Mitgliedstaaten dafiir zu sorgen, dass die zustdndigen Behorden die
Entwicklungen bei den besten verfligbaren Techniken verfolgen oder dariiber informiert sind.

3. Zielsetzungen des Dokuments

Entsprechend Artikel 16 Absatz 2 der Richtlinie hat die Kommission “einen Informationsaustausch zwischen
den Mitgliedstaaten und der betroffenen Industrie iiber die besten verfiigbaren Techniken, die damit
verbundenen UberwachungsmaBnahmen und die Entwicklungen auf diesem Gebiet” durchzufiihren und die
Ergebnisse des Informationsaustauschs zu verdffentlichen.

Der Zweck des Informationsaustauschs ist unter Erwidgung 25 der Richtlinie erldutert, in der es heifit: “Die
Entwicklung und der Austausch von Informationen auf Gemeinschaftsebene iiber die besten verfligbaren
Techniken werden dazu beitragen, das Ungleichgewicht auf technologischer Ebene in der Gemeisnchaft
auszugleichen, die weltweite Verbreitung der in der Gemeinschaft festgesetzten Grenzwerte und der
angewandten Techniken zu fordern und die Mitgliedsstaaten bei der wirksamen Durchfithrung dieser
Richtlinien zu unterstiitzen.”

Zur Unterstlitzung der unter Artikel 16 Absatz 2 vorgesehenen Mallnahmen hat die Kommission (GD Umwelt)
ein Informationsaustauschforum (IEF) geschaffen, und mehrere technische Arbeitsgruppen wurden unter der
Schirmherrschaft des IEF eingesetzt. Im Informationsaustauschforum und in den technischen Arbeitsgruppen
sind, wie im Artikel 16 Absatz 2 verlangt, sowohl die Mitgliedsstaaten als auch die Industrie vertreten.

Ziel dieser Reihe von Dokumenten ist es, den stattgefundenen und unter Artikel 16 Absatz 2 geforderten
Informationsaustausch genau wiederzugeben und der Genehmigungsbehorde Referenz-Informationen zur
Verfligung zu stellen, die von dieser bei der Festlegung der Genehmigungsauflagen zu beriicksichtigen sind. Mit
ihren Informationen iiber die besten verfiigbaren Techniken sollen diese Dokumente als wertvolle Instrumente
zur Verbesserung des Umweltschutzes dienen.

4. Informationsquellen

Dieses Dokument enthélt eine Zusammenfassung iiber Informationen, die aus verschiedenen Quellen,
einschlieBlich insbesondere sachkundiger Angaben der zur Unterstiitzung der Tatigkeit der Kommission
geschaffenen Arbeitsgruppen, stammen und durch die Dienste der Kommission gepriift wurden. Fiir alle
Beitrige wird anerkennend gedankt.

5. Anleitung zum Verstéandnis und zur Benutzung des Dokuments

Die im vorliegenden Dokument enthaltenen Informationen sind als Unterstiitzung bei der Bestimmung der BVT
in speziellen Féllen gedacht. Bei der Bestimmung der BVT und Festlegung der auf BVT gestiitzten
Genehmigungsauflagen ist stets vom Gesamtziel, das heillt, einem insgesamt hohen Umweltschutzniveau,
auszugehen.

Der verbleibende Teil des vorliegenden Abschnitts beschreibt die Art der Information, die in den einzelnen
Kapiteln des Dokuments enthalten ist.
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Kapitel 1.1, 1.2, 2.1 und 2.2 geben allgemeine Informationen iiber die Branche und iiber die in der Branche
angewandten industriellen Verfahren. Kapitel 3 enthélt Daten und Angaben zu den Emissions- und Verbrauchs-
werten in bestehenden Anlagen. Sie zeigen den Stand zum Zeitpunkt der Erarbeitung des Dokuments.

In Kapitel 1.4 und 2.4 werden Verfahren zur Emissionsverminderung und andere Methoden eingehend
beschrieben, die als die wichtigsten fiir die Bestimmung der BVT sowohl allgemein als auch bei der Festlegung
der auf BVT gestiitzten Genehmigungsauflagen betrachtet werden. Diese Information schlie3t die Verbrauchs-
und Emissionswerte ein, die bei Einsatz des Verfahrens als erreichbar betrachtet werden, und Angaben zu den
mit der jeweiligen Technik verbundenen Kosten und den medieniibergreifenden Aspekten sowie zu ihrer
Anwendbarkeit auf Anlagen, die der IVU-Genehmigung unterliegen, zum Beispiel neue, bestehende, grofie oder
kleine Anlagen. Verfahren, die allgemein als veraltet gelten, finden keine Beriicksichtigung.

In Kapitel 1.5 und 2.5 werden die Verfahren und Emissions- und Verbrauchswerte aufgefiihrt, die allgemein den
Anforderungen an die besten verfiigbaren Techniken entsprechen. Dabei geht es darum, allgemeine Angaben zu
den Emissions- und Verbrauchswerten bereitzustellen, die bei der Festlegung von auf BVT gestiitzten
Genehmigungsauflagen oder allgemein verbindlichen Vorschriften geméll Artikel 9 Absatz 8 als geeignete
Referenz gelten konnen. Jedoch muss darauf hingewiesen werden, dass es sich in diesem Dokument nicht um
Vorschlage fiir Emissionsgrenzwerte handelt. Bei der Festlegung der jeweiligen Genehmigungsauflagen sind
lokale standortspezifische Faktoren wie die technische Beschaffenheit der betreffenden Anlage, ihr
geografischer Standort und die ortlichen Umweltbedingungen zu beriicksichtigen. Ferner ist bei bestehenden
Anlagen die wirtschaftliche und technische Vertretbarkeit moglicher Modernisierungen zu beachten. Allein die
Zielsetzung der Sicherung eines hohen Umweltschutzniveaus insgesamt fordert nicht selten ein Abwigen der
einzelnen Auswirkungen auf die Umwelt, und diese Abwidgungen sind oftmals von lokalen Erwdgungen
beeinflusst.

Obgleich im vorliegenden Dokument der Versuch unternommen wurde, einige dieser Aspekte aufzugreifen, ist
eine umfassende Behandlung in diesem Rahmen nicht moglich. Somit sind die in Kapitel 1.5 und 2.5
aufgefiihrten Verfahren und Zahlenwerte nicht notwendigerweise auf alle Anlagen anwendbar. Andererseits
verlangt die Pflicht zur Sicherung eines hohen Umweltschutzniveaus einschlieBlich der weitestgehenden
Verminderung der weitrdumigen oder grenziiberschreitenden Umweltverschmutzung, dass Genehmigungs-
auflagen nicht aus rein lokalen Erwigungen festgesetzt werden. Somit ist die vollstindige Berlicksichtigung der
im vorliegenden Dokument enthaltenen Informationen durch die Genehmigungsbehdrden von grofiter
Bedeutung.

Da sich die besten verfiigbaren Techniken mit der Zeit dndern, wird dieses Dokument ggf. iiberpriift und
aktualisiert. Stellungnahmen und Vorschlédge sind an das Européische IVU-Biiro beim Institute for Prospective
Technological Studies mit folgender Anschrift zu senden:

World Trade Center, Isla de la Cartuja s/n, E-41092 Sevilla — Spanien
Telefon: +34 95 4488 284

Fax: +34 95 4488 426

E-mail: eippcb@jrc.es

Internet: http://eippcb.jrc.es
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Umfang

UMFANG

Dieses horizontale BVT-Merkblatt (engl. BREF), mit dem Titel “Lagerung gefahrlicher Substanzen und
staubender Giiter” umfasst die Lagerung, den Transport und den Umschlag von Fliissigkeiten, Fliissiggasen und
Feststoffen, unabhéngig von der Branche oder Industrie.

Es umfasst Emissionen in die Luft, den Boden und ins Wasser. Die meiste Beachtung wird aber den Emissionen
in die Luft geschenkt. Energie und Lérm spielen in geringerem Umfang eine Rolle.

Fiir die nachfolgenden Lagerungsmethoden fiir die Aufbewahrung von Flissigkeiten und Fliissiggasen sind
kurze Beschreibungen gegeben und deren Hauptemissionsquellen werden genannt:

Tanks:

Oben offene Tanks

Schwimmdachtank

Festdachtanks

oberirdische liegende Lagertanks (drucklos)
liegende Lagertanks (unter innerem Uberdruck)
stehende Lagertanks (unter innerem Uberdruck)
Kugeltanks (unter innerem Uberdruck)
umwallte Lagerungstanks (unter innerem Uberdruck)
Hubdachtanks (mit variablem Dampfraum)
gekiihlte Lagertanks

unterirdische Lagertanks.

Andere Lagerungsarten:

Behilter und Lagerung von Behéltern
Becken und Teiche

Kavernen in Bergwerken
Salzbergwerkshohlen

schwimmende Lagerung.

Und, insbesondere fiir die Lagerung von Feststoffen:

Halden

Sécke und Schiittgutbeutel

Silos und Bunker

Verpackte gefahrliche Feststoffe.

Fiir den Transport von und den Umgang mit Fliissigkeiten und Fliissiggasen werden Techniken, wie zum
Beispiel Leitungssysteme und Be- und Entlademaschinen besprochen, so beispielsweise Ventile, Pumpen,
Kompressoren, Flansche, Dichtungen, usw.

Zum Transport und Umschlag von Feststoffen werden Techniken wie mobile Entladeeinrichtungen, Greifer,
Schiittgossen, Fiillrohre, Schleuderbander, Bandforderer und Aufgabegerite beschrieben und in allen Fallen die
Emissionsquellen angegeben.

Fiir alle erheblichen Emissionsquellen in der Lagerung und dem Transport von und dem Umgang mit
Fliissigkeiten und Fliissiggasen werden emissionsmindernde Techniken wie Managementinstrumente und
-techniken beschrieben, z.B. Tankwiélle, doppelwédndige Tanks, pegelsteuernde Instrumente, Dichtungen,
Dampfaufbereitung und Feuerschutz.
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Umfang

Informationen iiber Emissionen in die Luft aus der Lagerung und dem Umschlag/Transport von Feststoffen
fokussieren sich auf Staub. Techniken zur Vermeidung oder Verminderung von Staub wie das Versprithen von
Wasser, Abdeckungen, geschlossene Lager- und Umschlageinrichtungen werden beschrieben, zusammen mit
einigen Betriebsmitteln.

Die Lagerung und der Umschlag von Gas ist ebenfalls Gegenstand dieses Dokuments, wurde aber nicht weiter
beschrieben, weil hierzu im Rahmen des Informationsaustausches zu besten verfiigbaren Techniken keine
Informationen iibermittelt wurden. Die Ursache dafiir liegt darin, dass Gas in den meisten Féllen unter Druck als
Fliissiggas gelagert wird. Die Lagerung und der Umschlag von Fliissiggas wird zusammen mit den Fliissigkeiten
beschrieben, da vergleichbare Techniken eingesetzt werden.
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Kapitel 1

1. GENERAL INFORMATION
[18, UBA, 1999]

Storage is an activity which occurs in connection with practically all industrial activities,
including, in particular, those industrial activities cited in Article 1 of the IPPC Directive. The
techniques or systems described in this document could be applied to basically all categories of
industrial activities.

1.1. Environmental relevance of storage

The environmental relevance of storage is essentially dependent on its potential to pollute the
environment and on the physico-chemical properties of the stored substances. It is important to
note that there is a difference between hazard (the inherent properties of a chemical) and risk
(the probability of the hazardous properties of the chemical causing harm to people or the
environment). Different substances create very different risks because of their hazards. It is
therefore important that applied emission control measures are based on an understanding of the
physico-chemical properties of the substances concerned. A risk-based approach is commonly
applied and is hence also used in this document.

An example of this risk-based approach is the storage of solids. The danger of solids (immobile)
polluting undergroundwater during storage is, as a rule, smaller than that of liquid (mobile)
substances. However, in this context it is also necessary to consider possible accident scenarios.
For example, in the event of a fire with solids which may not be hazardous themselves,
dangerous gases may be produced. In this way, substances which are immobile and/or are
considered to be harmless can still cause air pollution and may contaminate soil and waters e.g.
through the fire-extinguishing water and the wasting out of the combustion gases. In addition,
extinguishing additives, which serve as solvents, can dissolve substances adsorbed on soot
particles, which when in the extinguishing water pathway, poses a hazard to water.

Hence it is not possible to come up with generally applicable statements about environmental
significance, which cover all substances for storage in connection with industrial activities.
Nevertheless, almost all substances are capable of adversely changing the physical, chemical
and biological characteristics of the environment.

Concerning dust, several epidemiological studies (e.g. by the American ‘Environmental
Protection Agency’) have shown that an adverse health impact can be discerned even at the
airborne dust concentrations normally found in the open air. Increased particle intake raises the
likelihood of respiratory ailments, disorder of the cardiovascular system and the general
impairment of lung performance. The extent of the adverse impact on health depends on — over
and above the individual constitution and susceptibility — the composition of the dust, their
concentration, the exposure time and the particle size distribution.

A special significance is attached to particles smaller than 10 um. The designation PMj,
(particulate matter < 10 um) is used in the corresponding EU regulations. Analogous
terminology is used for other particle sizes (e.g. PM, s for particle diameters less than 2.5 um).

Fine dust can penetrate deep into the lungs, reach the alveoli and accumulate there or may cross
the alveolus wall to enter into the bloodstream. This applies in particular to particles less than 10
pum. Particles with an aerodynamic diameter of 10 um are 1.3 % alveolus penetrative, particles
of 5 um 30 %, of 4 um 50 % and 1 pm penetrates at a rate of 97 %. A proportion of smaller
particles are exhaled. Specific causality investigations have shown that amongst the particles
that penetrate the alveoli, the fine particles (2 to 4 pm) and the ultra-fine particles (less than
0.1 um) exhibit the highest rate of deposition. In relation to the effect of fine particles
(2 to 4 um) a dose effect relationship is assumed, whereby the mass of particles remaining in the
respiratory system is the decisive factor.
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Apart from the potential adverse impact on health from dust, the impairment of water quality
and the risk for explosion and fire are other examples of potential effects of the storage and
handling of solids.

The consumption of energy during storage, for example:

e for the warm storage of special substances (warm ‘cupboards’ for various containers or heat
generating covers in the case of stationary tanks)

e ifapplicable, for the heating of buildings in container depots

e for the operation of pumps, exhaust ventilators, etc.

e for cooling, if applicable.

These are generally not factors which significantly influence the capacity of various techniques
to protect the environment. Quantitative details on this subject are, therefore, only possible in

separate cases: e.g. if waste heat from production installations which cannot be used otherwise
as an energy source can be used for the heating of tanks.

1.2. Emission situation at storage installations

The following emissions could occur during the operation of storage modes:

e emissions from normal operating conditions (including transferring substances in and out of
storage and cleaning)
e cmissions from incidents and (major) accidents.

The aforementioned emissions can be:

e emissions to air

e cemissions (discharges) to water (direct/indirect)
® noise emissions

e waste emissions.

1.2.1. Emissions to air

Important emissions to air from the storage of liquid and liquefied gases during normal
operation are differentiated as follows:

e cmissions during entry and evacuation i.e. transferring substances in and out of storage
(filling and emptying)

e cmissions during tank breathing, i.e. emissions due to temperature increases resulting in
vapour space expansions and subsequent emissions

e fugitive emissions from flange seals, fittings and pumps

e emissions during sampling

e cmissions from cleaning operations.

The following categories of emissions from dusty bulk materials may be distinguished and are
addressed in this document:

emissions during loading of the material
emissions during discharge of the material
emissions during conveyance of the material
emissions during storage of the material.
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1.2.2. Emissions to water

Emissions which occur into water (direct or indirect via canalisation and sewage or purification
plants) and that are addressed in this BREF include the following:

waste water from chemical warehouses, tanks, seepage water, etc.

discharge from drainage facilities (precipitation from secondary containment)
waste water from leaching

waste water from cleaning

fire-fighting water.

1.2.3. Noise emissions

Noise emissions in storage installations essentially occur only during transfer in and out of
storage.

e cmissions from pumps in tank installations
e vehicle traffic (stacker) and air vent valves in containers installations
e cmissions from transferring solids, such as conveyors.

Noise emissions are generally of secondary importance in establishing optimal storage
techniques and are, therefore, not addressed in great detail in this document.

1.2.4. Waste aspects
Typical waste products that can arise in an operating storage facility are:

residues from containers or products of a substandard quality

waste from installations which treat exhaust gases (e.g. activated carbon)
used containers

(oil) sludges

if applicable, cleaning agents, which may contain chemicals or oil.

In discussing the different storage modes and different handling and transfer techniques, any
possible waste arising is addressed. The treatment of these wastes, however, is not addressed in
this document.

1.2.5. Incidents and (major) accidents

Apart from emissions during normal operating conditions, possible emissions from incidents
and (major) accidents are addressed. Emissions from incidents and (major) accidents usually
occur within a relatively short time frame but with a much greater intensity than emissions
which occur under normal operating conditions.

The control of major accident hazards involving dangerous substances is covered by the Seveso
IT Directive (Council Directive 96/82/EC of 9 December 1996), which requires companies to
take all measures necessary to prevent and limit the consequences of major accidents.
Companies must in any case have a ‘major accident prevention policy’ (MAPP) and a safety
management system to implement the MAPP. Companies holding large quantities of dangerous
substances, so-called upper tiered establishments, must also draw up a safety report and an on-
site emergency plan and also maintain an up-to-date list of substances.

In this document, techniques to prevent emissions from incidents and (major) accidents are
addressed, ranging from e.g. techniques to prevent a tank overfill to a complete tank rupture.
However, the range of incidents and accidents is not exhaustive and does not distinguish
between small or major accidents.
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2. SUBSTANCES AND CLASSIFICATION

2.1. Nature and classification of dangerous materials

The classification of dangerous substances is the process of identifying their hazardous
properties by using appropriate test methods and then allocating them to one or more hazard
classes by comparing the results of the tests with the classification criteria. Preparations or
mixtures may be classified either by testing or by applying calculation methods based upon the
concentration of their hazardous components.

The list in Table 2.1 shows an overview of the relevant categories of substances with their
danger characteristics and hazard symbols. Furthermore, the R-Phrases can appear separately or
in combination. In Annex 8.2 the symbols and R-Phrases are explained in detail.

Hazard Symbol R-Phrases
Explosive E 1,2,3
Oxidising O 7,8,9
Extremely flammable F+ 12
Highly flammable F 11
Flammable - 10
Reacts strongly with water - 14
Reacts strongly with water producing extremely - 15
flammable gases
Forms poisonous gases in contact with water - 29
Very toxic T+ 26,27, 28 (-39)
Toxic T 23, 24, 25 (-39, -48)
Harmful Xn 20,21, 22, 65 (-48)
Corrosive C 34, 35
Irritant Xi 36, 37, 38
Sensitising - 42,43
Carcinogenic - 40, 45,49
Toxic for reproduction - 60, 61, 62, 63, 64
Mutagenic - 46
Dangerous for the environment N 50, 51, 52, 53, 58, 59
voc" - -
Dust" - -
YDangerous according to Annex 3 of the | PPC Directive

Table 2.1: Categories of danger ous substance accor ding to Directive 67/548/EEC

The following subjects are also addressed in detail in Annex 8.2 — Dangerous substances and
classification:

e regulatory classification systems (European Union supply legislation; transport legislation)
e scope of regulatory classification systems (European supply system; UN RTDG transport
system)
e hazard communication within regulatory classification systems
e physico-chemical hazards:
0] explosive hazards (EU system; UN RTDG transport system)
o] oxidising and organic peroxide hazards (EU system; UN RTDG transport system)
o] flammability hazards
o] EU system (liquids; solids; gases; pyrophoric/self-heating; water reactive evolving
flammable gases; other physico-chemical properties
0] UN RTDG transport system (liquids; solids; gases; self-reactive and related
substances; desensitised explosives; pyrophoric/self-heating; water reactive evolving
flammable gases)
o] physico-chemical properties (EU system; UN RTDG transport system)
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e health hazards:
(o} acute toxicity (EU system; UN RTGD transport system)
o] sub-acute, sub-chronic or chronic toxicity (very serious irreversible effects by a single
exposure; very serious irreversible effects by repeated or prolonged exposure)
(o} corrosive and irritant (EU system — corrosive; UN RTDG transport system; EU
system — irritant)
o sensitisation
o specific effects on health
(o} other health effects (EU system; UN RTDG transport system)
e environmental hazards (EU system; UN RTDG transport system).

It should be noted that the classification systems described in detail in Annex 8.2 do not
necessarily cover all the criteria required for dangerous goods storage legislation in all Member
States of the European Union. For example, in parts of Belgium, storage legislation covers
flashpoints up to 250 °C.

Classification leads to hazard communication, of which there are two forms: immediate
information on the label of the packaging containing the dangerous goods and more detailed
information on, for example, an attached safety data sheet.

In several MS there are existing classification systems related to emissions to air and water, e.g.
in the TA Luft in Germany (see http:/www.umweltbundesamt.de/wgs/vwvws.htm) and in the
NER in the Netherlands (see http://www.infomil.nl/lucht/index.htm).

2.2. Classification of packaged substances

In reference [HSE, 1998 #35] the UN RTDG transport system (explained in Annex 8.2 —
Dangerous substances and classification) is used in expressing the compatibility of packaged
substances. See Annex 8.3 where the compatibility of substances is given in a table.

This principle of separation and segregation is not only relevant for the storage of packaged
substances, but is also relevant for storage in tanks.

2.3. Dispersiveness classes of solid bulk material
[InfoMil, 2001 #15]

The following classification, based on the susceptibility of a material to be dispersed and the
possibility of dealing with the problem by wetting, is used for non-reactive products:

S1: highly drift sensitive, not wettable

S2: highly drift sensitive, wettable

S3: moderately drift sensitive, not wettable
$A: moderately drift sensitive, wettable

S5: not or very dightly drift sensitive.

Dispersiveness classes of solid bulk materials shows a long list of different solid materials and
their respective dispersiveness class; see Annex 8.4.

The storage and transfer of toxic and/or reactive products is disregarded here because, when

these products are loaded for transport or storage in bulk, they are handled in closed system or
in packaged form and not as loose material.
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2.4. How to use classification systems in this document

The classification systems described in Section 2.1 are very comprehensive and rather complex,
but usually only part of the hazardous properties (e.g. flammability) really influences the design
mode and the operation of a storage unit. Conversely some properties are ignored, or virtually
ignored, by the classification system although they can have a major influence on the design and
operation of the storage unit; examples of this may be the freezing and boiling points, vapour
pressure and data on suitable construction materials. This is because the classification criteria of
the dangerous substances are based on their intrinsically hazardous properties and are not based
on risk.

The classification system by themselves do not include all data necessary to define BAT for the
storage of a given substance, but include hazardous properties data which is necessary to
perform a risk analysis. The classification data of a given substance are, therefore, useful when
considerinng the determination of BAT.

In any situation, the precautions needed to achieve a reasonable standerd of control will vary,
but they must always take into account the properties of the substance to be sttored. This is
especially important as different substances can create very different risks because of their
hazards. Interaction between different substances, especially those which are incompatible, may
create additional hazards. Although this statement is made in the context of packaged dangerous
substances in warehouses, it is also valid for dangerous substances in bulk.
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3. APPLIED STORAGE, TRANSFER AND HANDLING
TECHNIQUES

This chapter describes applied storage, transfer and handling techniques for liquids and
liquefied gases, and solids. Storage of liquids and liquefied gases and all that is related to
storage is described in Section 3.1. The transfer and handling of liquids and liquefied gases is
described in Section 3.2. The storage of solids is described in Section 3.3 and transfer and
handling of solids in Section 3.4.

3.1. Storage of liquids and liquefied gases

In this section the following storage modes are considered:

Type of storage mode Atmospheric, Sections
pressurised, refrigerated
Open top storage tank Atmospheric Section 3.1.1
External floating roof tanks Atmospheric Section 3.1.2
(Vertical) fixed roof tanks Atmospheric Section 3.1.3
Horizontal storage tanks (aboveground) Atmospheric Section 3.1.4
Horizontal storage tanks (underground) Atmospheric Section 3.1.11
Variable vapour space tanks Atmospheric Section 3.1.9
Spheres Pressurised Section 3.1.7
Horizontal storage tanks Pressurised Section 3.1.5
Vertical cylindrical tanks Pressurised Section 3.1.6
Mounded storage Pressurised Section 3.1.8
Refrigerated storage tanks Refrigerated Section 3.1.10
Caverns Atmospheric Section 3.1.15
Caverns Pressurised Section 3.1.16
Caverns — salt leached Section 3.1.17
Containers and storage of containers Section 3.1.13
Basins and lagoons Atmospheric Section 3.1.14
Floating storage Atmospheric Section 3.1.18

Table 3.1: Cross-references of storage modes for liquids and liquefied gases

The flow chart in Figure 3.1 identifies the possible gaseous and liquid emissions and residues,
resulting from the storage of liquid materials. The base case for any of the storage modes
described assumes that there are no emission control measures installed, e.g. a fixed roof tank
will be assumed to have only open vents, the shell will not be painted a light colour, etc. For
each storage category, the relevant operational activities and possible events/incidents which
can result in an emission are listed. This forms the basis for describing the possible emissions by
mode and activity.

In particular, the possible emission sources from storage facilities for liquids and liquefied gases
are selected for further analyses, using a risk matrix approach as shown in Figure 3.2.
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Figure 3.1: Flow chart with potential emissionsresulting from aboveground and under ground
storage facilities
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| All values >= 3 are considered

Erequency:
3 0 3 6 3 =frequent (at least daily)
Frequency 1 =infrequent (once per few years)
of emission 2 0 2 4 6 Volume:.
3 = (relatively) large
1 =little
1 0 1 2 3 0 = zero/negligible
1 2 3 Please note that the provided scores have a

relative value only and are to be considered

by mode only. In other words: a score of 3

for an External Floating Roof Tank (EFRT)
potential emission source cannot be compared
with a score of 3 for a source from a different
storage mode.

Volume of emission

Figure 3.2: Risk matrix for emissions from storage of liquids and liquefied gases

Remarks:

1. The classification term N/A (Not Applicable) indicates that a particular emission source will not be
considered (not applicable or not relevant, etc.) due to the specific nature of the storage mode
described.

2. A clear distinction will be made between emissions from ‘operational sources and emission from
‘incidents’.

3. Theemission scores (from ‘operational sources') are calculated by multiplying emission frequency by
emission volume. This methodology is commonly applied in risk assessment approaches such as the
one used for risk based inspection (as will be further explained in the BREF). All scores above 3 are
considered: eg. all ‘high’ frequencies (score = 3), ‘large’ volumes (score = 3) and the
‘medium/medium’ frequency/volume emission sour ces (wher e frequency and volume both scor e 2).

The different types of storage tanks used are described in various sections as shown in  Table
3.1. To prevent repetition, all the common technical issues, such as commissioning,
decommissioning and equipment, are described in separate sections. Where relevant, cross-
referencing, as an instrument to link the related issues, is used to ease the search for those
related issues. Other storage modes such as, e.g. warehouses, basins, lagoons and caverns, have
less or no common technical issues and are, therefore, only described in separate sections.
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3.1.1. Open top storage tanks
A. Description

Open top tanks are normally used for storing manure slurry and are made from curved steel
panels or concrete sections. Some concrete panel tanks may be partly below ground. All tanks
are built on a properly designed reinforced concrete base. In all tank designs, the thickness of
the base plate and the suitability of the seal at the joint of the wall and the tank base are very
important features to prevent leaking.

A typical system has a reception pit with a grid cover next to the main store. Open top tanks are
filled via a pipe with an opening above or below the slurry surface. The main store may have a
valved outlet to allow emptying back to the reception pit or it may be emptied using a pump
located in the store.

An open top tank may be covered with a natural or artificial layer of floating matter (such as
granulated materials, straw chaff or floating membrane) or with a firm cover (such as a canvas
or concrete roof) to keep rainwater out and to reduce emissions (e.g. ammonia from manure
slurry). The fitting of a firm cover permits the collection and treatment of emissions.

Jetter to fill tank

-
Platform and ladder

handrails and
trapdoor for safety

Pump

for filling tank or

loading field spreader
|

Valves

Mixer for agitation
through the wall

Figure 3.3: Example of an open top slurry tank with underground receiving pit
[119, EIPPCB, 2001]
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B. Relevant tank equipment and other considerations

Section
3.1.12.7 Equipment for tanks Instrumentation 3.1.12.7.4
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.2: Cross-referencesfor open top tanks

C. Possible emission sour ces (open top tanks)

Table 3.3 and Table 3.4 show the emission scores for the potential emission sources for open
top tanks. Section 3.1, Figure 3.2 explains the methodology for calculating the emission score.
Sources with an emission score of 3 or more will be addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential source | Emission frequency | Emission volume | Emission score

of emissionsto air

Filling 2 3 6
Standing 3 3 9
Emptying 2 1 2
Cleaning 1 2 2
Blanketing N/A
Manual gauging N/A
Sampling N/A
Fugitive N/A
Draining N/A

Table 3.3: Possible emissionsto air from ‘operational sources with open top storage tanks
[113, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 1 2
Cleaning 1 3 3
Sampling 2 0 0

Table 3.4: Possible liquid emissions to water or waste from ‘operational sources with open top
storagetanks
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions can also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.
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3.1.2. External floating roof tanks (EFRT)

A. Description
[84, TETSP, 2001], [41, Concawe, 1999] [66, EPA, 1997] [114, UBA, 2001]

A typical EFRT consists of an open topped cylindrical steel shell equipped with a roof that
floats on the surface of the stored liquid. The floating roof consists of a deck, fittings, and a rim
seal system. With all types of EFRT, the roof rises and falls with the rise and fall of the liquid
level in the tank. External floating decks are equipped with a rim seal system, which is attached
to the deck perimeter and contacts the tank wall. The purpose of the floating deck and rim seal
system is to reduce emissions to air (and loss of product) of the stored liquid. The seal system
slides against the tank wall as the roof is raised and lowered. The floating deck is also equipped
with fittings that penetrate the deck and serve operational functions. The external floating roof
design is such that evaporative losses from the stored liquid are limited to losses from the rim
seal system and deck fittings (standing storage loss) and from any liquid left on the inner tank
shell as the roof falls (withdrawal loss).

An EFRT can be fitted with a geodesic dome roof. These dome roofs are primarily installed to
prevent water ingress to the product or to reduce snow load on the floating roof. A dome roof,
however, also reduces the wind effects on the roof seals system and thus reduces emissions. A
dome roof is thus an emission control device and a such is described in Section 4.1.3.5.

There are three main types of floating roof:

Pontoon-type floating roofs

For these roofs, the buoyancy is supplied by an annular pontoon that covers approximately
20 to 25 % of the total roof area. The centre deck is able to carry about 250 mm rainfall over the
total roof area. The annular pontoon is compartmentalised and the flotation is designed in such a
way that the roof will still float even if two adjacent pontoon compartments and the centre deck
are punctured.

ROOF SUPPORT RIM VENT

GAGE HATCH AUTOMATIC / PONTOON MANHOLE
-1 _
/ BLEEDER VENT | DECK
od / MANHOLE ]
. |
A‘ —[ I | T |
H H P ey
T I e \ :

|

e

Figure 3.4: Typical floating roof tank with pontoon floating roof
[185, UBA Germany, 2004]

Double-deck floating roofs

For these roofs the entire roof area is provided with a double deck, making the roof more rigid
than the pontoon roof. Water does not accumulate on the upper deck, which is above the level of
the stored product as it is immediately discharged via the roof drain (via drain or hose system
and via a ground level shell drain valve). However, it is also common practise to accumulate
rainwater before the shell drain valve at the outlet of the drain system is opened. Double-deck
roofs can be fitted with emergency drains, which discharge any accumulation into the stored
product. Double-deck roofs are generally fitted to large diameter tanks (e.g. > 50 m diameter).
They are structurally stronger and prevent wind problems, which can occur in the centre decks
of large pontoon roofs.
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AUTOMATIG BLEEDER VENT
GAGE HATCH ROOF SUPPORTS
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Figure 3.5: Typical floating roof tank with double-deck floating roof
[185, UBA Germany, 2004]

Special buoy-type and radially reinforced roofs

The buoy-type roof is a pontoon roof with a relatively small annular pontoon, but with the
exception that it has in addition a number of small-diameter circular buoys spread over the
centre deck to provide additional buoyancy. Radially reinforced roofs have a pontoon ring and a
buoy in the middle of the centre deck. These roofs are built with a certain slope to force
rainwater to the drains at the centre of the deck, thus preventing water accumulation. Radial
stiffeners are applied to maintain the slope when the roof floats. These roofs are vulnerable to
collapse when landing on the support legs. These types of roofs are mainly applied for large
diameter roofs, but they are rarely built anymore nowadays, as double-deck roofs perform much
better in large diameter tanks.

B. Relevant tank equipment and other consider ations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Gauging and sample hatches | 3.1.12.7.2
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.74
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Heating systems 3.1.12.7.8
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10

3.1.12 Considerations related to tanks
Table3.5: Crossreferencesfor EFRT

C. Possible emission sour ces (EFRT)

Table 3.6 and Table 3.7 show the emission scores for the potential emission sources of EFRTs.
Figure 3.2 explains the methodology for calculating the emission score. Sources with an
emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.
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Potential source of emissionsto air | Emission frequency | Emission volume | Emission score
Filling (until roof floats on liquid) 1 3 3
Standing 3 | 3
Emptying (shell film) 2 1 2
Emptying (roof landing) 1 1 1
Blanketing N/A
Cleaning 1 2 2
Manual gauging 2 1 2
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 1 2

Table 3.6: Possible emissionsto air from ‘operational sources with EFRT
[84, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste
Draining 2 1 2
Roof draining 2 0 0
Cleaning 1 3 3
Sampling 2 0 0

Table 3.7: Possible liquid emissionsto water or waste from ‘operational sources with EFRT
[84, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.

3.1.3. (Vertical) fixed roof tanks (FRT)

A. Description
[84, TETSP, 2001] [66, EPA, 1997]

Fixed roof tanks are designed as atmospheric tanks (free vented), low pressure tanks (to
approx. 20 mbar internal pressure) or — so-called — ‘high pressure’ tanks (to approx. 56 mbar
internal pressure). Non-pressure fixed roof tanks are suitable for storage at atmospheric pressure
and therefore have open vents (although designed to withstand internal pressures up to 7.5 mbar
and a vacuum of 2.5 mbar). Both low pressure and high pressure fixed roof tanks are provided
with pressure/vacuum relief valves (PVRVs), which are fully open at the design
pressure/vacuum. All of these tank types must also meet additional requirements such as
stability. Anchor systems may be necessary to prevent uplifting of the tank near the periphery
due to the combined load of internal pressure and wind loads.

Tanks fitted with PVRVs can be ‘blanketed’ (see Section 4.1.6.2.1). In this technique, an inert
gas (e.g. nitrogen) is introduced into the vapour space above the product to replace the possibly
flammable air/vapour mixture for safety reasons. This is not an emissions control measure as the
product will still evaporate. A blanketing control system requires careful design to ensure that
the pressure within the system stays within the setting of the tank pressure relief valve. As the
average pressure within the tank vapour space is higher than in a non-blanketed tank, breathing
due to thermal expansion of the vapour space will result in greater emissions to the atmosphere.
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Filling

Cathodic protection

Vapour balancing

[T

device

Key:

a=Flame arrester

b= Pressure/vacuum valve
c=Level measurement

f= Overfill protection

Foundation

d=Temperature monitoring (optional)
e= Pressure monitoring (optional)

Vapour recovery

External tank
coating

Monitored
clearance

Collection room

Figure 3.6: Vertical fixed roof tank with some emission control equipment installed

[18, UBA, 1999]

Figure 3.7 shows a conical shaped roof, which is typical for larger diameter fixed roof tanks.
The roof has a roof support structure, which may be constructed from beams, trusses or rafters.
Self-supporting roofs can be of conical or dome shape, but are generally only used for smaller

diameter tanks.

ROOF SUPPORTING RAILING
STRUCTURES

CONE FIXED ROOF

Figure 3.7: Typical example of a fixed roof tank

[166, EEMUA, 2003]
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Table 3.8 shows the different design ratings for the different types of FRT.

Type of fixed roof tank Design rating for pressure and vacuum
Atmospheric + 7.5 mbar
- 2.5 mbar
Note that these tanks are usually open vented
‘Low’ pressure + 20 mbar
- 6 mbar
‘High’ pressure + 56 mbar
- 6 mbar

Table 3.8: Design ratingsfor the different types of fixed roof tanks
[113, TETSP, 2001]

B. Relevant tank equipment and other consider ations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Gauging and sample hatches 3.1.12.7.2
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.74
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Heating systems 3.1.12.7.8
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.9: Cross-referencesfor FRT

C. Possible emission sources (FRT)

Table 3.10 and Table 3.11 show the emission scores for the potential emission sources for FRT.
Figure 3.2 explains the methodology for calculating the emission score. The sources with an
emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value and should only be considered for each
storage mode in isolation.

Potential source of | Emission frequency | Emission volume | Emission score
emissionsto air
Filling
Breathing
Emptying
Cleaning
Blanketing
Manual gauging
Sampling
Fugitive
Draining

N[NNI [W|— DN |W(DN
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Table 3.10: Possible emissionsto air from ‘operational sources with FRT
[84, TETSP, 2001]

Table 3.10 shows that the two significant types of emissions from fixed roof tanks are breathing
and working losses. The working loss is the combined loss from filling and emptying. Breathing
loss is the expulsion of vapour from a tank by vapour expansion and contraction, which are the
results of changes in temperature and barometric pressure. This loss occurs without any liquid
level change in the tank.
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Emissions occur during filling operations as a result of an increase in the liquid level in the tank.
As the liquid level increases, the pressure inside the tank exceeds the relief pressure and vapours
are expelled from the tank. Emissions occur during emptying when air drawn into the tank
during liquid removal becomes saturated with organic vapour and expands, thus exceeding the
capacity of the vapour space.

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 1 2
Cleaning 1 3 3
Sampling 2 0 0

Table 3.11: Possible liquid emissionsto water or waste from ‘operational sources with FRT
[84, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.

3.1.4. Aboveground horizontal storage tanks (atmospheric)

A. Description
[66, EPA, 1997] [84, TETSP, 2001] [18, UBA, 1999]

Horizontal fixed roof tanks are constructed for both aboveground and underground service and
generally have a capacity of less than 150 m’. Horizontal tanks are usually equipped with
pressure/vacuum relief vents (PVRVs), gauge hatches, sample wells and manholes to provide
access. The maximum diameter is usually determined by factors such as design pressure,
fabrication possibilities, post-weld heat treatment requirements, transport limitations, foundation
criteria and economy of the design. The maximum allowable length is usually determined by the
support structure, foundation criteria, size of available site and the economics of the design.

The construction material may be steel, steel with a fibreglass overlay, or fibreglass-reinforced
polyester. Older tanks may be of riveted or bolted construction. All tanks are designed to be
both liquid and vapour tight.

Figure 3.8 shows an aboveground horizontal storage tank with some emission control
equipment installed.
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Vapour balancing

Cathodic protection
Filling ,

pipe

(=2

Exhaust cleaning installation

External tank coating

Inner corrosion prevention

Foundation

Key:

a=Flame arrester

b= Pressure/vacuum valve

c= Level measurement
d=Temperature monitoring (optional)
e= Pressure monitoring (optional)

f= Overfill protection

Figure 3.8: Aboveground horizontal tank with some emission control equipment installed
[18, UBA, 1999]

Details of underground horizontal storage tanks are given in Section 3.1.11.

B. Relevant tank equipment and other considerations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Gauging and sample hatches 3.1.12.7.2
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.74
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Heating systems 3.1.12.7.8
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.12: Crossreferencesfor aboveground horizontal tanks

C. Possible emission sour ces (aboveground horizontal storage tanks)
Table 3.13 and Table 3.14 show the emission scores for the potential emission sources for the
aboveground horizontal storage tank. Figure 3.2 explains the methodology for calculating the

emission score. Sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.
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Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 3 6
Breathing 3 2 6
Emptying 2 1 2
Cleaning 1 2 2
Blanketing 3 2 6
Manual gauging 2 1 2
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 | 2

Table 3.13: Possible emissions to air from ‘operational sources with aboveground horizontal

storagetanks
[113, TETSP, 2001]

Potential sourcefor liquid
emissionsto water or waste

Emission frequency

Emission volume

Emission score

Draining 2 1 2
Cleaning | 2 2
Sampling 2 0 0

Table 3.14: Possible liquid emissions to water or waste from ‘operational sources with
aboveground horizontal storagetanks
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.

3.1.5. Horizontal storage tanks (pressurised)
A. Description
[66, EPA, 1997] [18, UBA, 1999]

Two classes of pressure tanks are in general use: low pressure (170 to 1030 mbar) and high
pressure (higher than 1030 mbar). Pressure tanks are generally used for storing organic liquids
and gases with high vapour pressures and occur in many sizes and shapes, depending on the
operating pressure of the tank. Generally they are horizontally oriented and bullet or spherically
shaped (see Section 3.1.7) to maintain structural integrity at high pressure. High pressure
storage tanks can be operated so that virtually no evaporative or working losses occur.

The level of emission control equipment used depends on the substance that is stored, e.g. for
the storage of propane or butane normally single walled storage tanks are applied.

Figure 3.9 shows some horizontal pressurised tanks with some emission control equipment
installed.

IJ/EIPPCB/ESB_BREF_FINAL Januar 2005 21



Kapitel 3

Safety valve

AA

v bal . @ » Gaseous
apour balancin
P ancing > Liquid
Cathodic protection g [i]g
. f
Filling c de
IS — £ 5= £

External tank coating

Foundation

Key:

c= level measurement

d= Temperature monitoring
————————————————————————————— e= Pressure monitoring

f= Overfill protection

g= Fast-acting valve

Exhaust cleaning installation
Saf lves A
_ afety valve > Gaseous
Vapour balancing -
< Liquid
Cathodic protection 9 9
Filling c de f
pipe g TTICIT %1'

Collecting ro

Foundation

Figure 3.9: Horizontal storage tanks (pressurised) with some emission control equipment installed
[18, UBA, 1999]

B. Relevant tank equipment and other considerations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Still wells and guide poles | 3.1.12.7.3
Instrumentation 3.1.12.7.4
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Heating systems 3.1.12.7.8
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.15: Crossreferencesfor horizontal storage tanks (pressurised)

C. Possible emission sour ces (horizontal storage tanks (pressurised))

Table 3.16 and Table 3.17 show the emission score for the potential emission sources for
pressurised horizontal storage tanks. Figure 3.2 explains the methodology for calculating the
emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.
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It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying N/A
Cleaning | 2
Blanketing (Inerting) 2 1 2
Gauging N/A
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 2 4

Table 3.16: Possible emissions to air from ‘operational sources with horizontal storage tanks
(pressurised)
[113, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 0 0
Cleaning 1 1 |
Sampling 2 0 0

Table 3.17: Possible liquid emissions to water or waste from ‘operational sources with horizontal
storage tanks (pressurised)
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill/overpressure and leakages. These emissions are also addressed in
Chapter 4.

3.1.6. Vertical storage tanks (pressurised)

A. Description
[113, TETSP, 2001]

See Section 3.1.5 for the general description of aboveground pressurised tanks. Vertical storage
tanks are generally used where space is limited and large capacity vessels are not required.
Although there are no practical limitations on size, the economic break-even point for
constructing alternative storage, such as spheres, is likely to limit the size of vertical tanks.
Normally vertical tanks are limited to 10 metres diameter and to 25 metres height
(approximately 1750 m® capacity). For units of the same capacity, vertical tanks require less
space than horizontal tanks but are more demanding in terms of the foundation work required.
The design pressure for vertical tanks is dependent on the relationship between temperature and
the vapour pressure of the product in stock.

Provisions to cope with vacuum conditions are required in applications where ambient
temperatures can be expected to reach the point where the vapour may start to condense or
where very high liquid withdrawal rates are applied without an adequate vapour return system.
In these cases, the tank should be designed for full vacuum.

Nozzles are possible sources of leakage. Therefore the number of nozzles on a tank, particularly
below the liquid level, is usually minimised to reduce the risk of leakage.
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Figure 3.10: Vertical pressurised tank with some emission control equipment installed
[18, UBA, 1999]

B. Relevant tank equipment and other considerations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.74
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Heating systems 3.1.12.7.8
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.18: Crossreferences for relevant tank equipment and fitting for vertical storage tanks
(pressurised)

C. Possible emission sour ces (vertical storage tanks (pressurised))

Table 3.19 and Table 3.20 show the emission scores for the potential emission sources for
pressurised vertical storage tanks. Figure 3.2 explains the methodology for calculating the

emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.
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Potential sour ce of Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying N/A
Cleaning 1 2 2
Blanketing (Inerting) 2 1 2
Gauging N/A
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 2 4

Table 3.19: Possible emissions to air from ‘operational sources with vertical storage tanks
(pressurised)
[113, TETSP, 2001]

Potential source of liquid | Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 0 0
Cleaning 1 1 1
Sampling 2 0 0

Table 3.20: Possible liquid emissions to water or waste from ‘operational sources with vertical
storage tanks (pressurised)
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill/overpressure and leakages. These emissions are also addressed in
Chapter 4.

3.1.7. Spheres (pressurised)

A. Description
[113, TETSP, 2001]

Spherical tanks normally have a larger capacity than horizontal or vertical pressurised tanks
because of the more favourable economies of scale. Approximately 3500 m® may be considered
as the practical upper limit. These tanks are usually erected on-site from preformed plates and
shop fabricated sub-assemblies. The design pressure for spherical tanks is dependent on the
relationship between temperature and the vapour pressure of the product in stock.

The number of nozzles on a spherical tank, particularly below the liquid level, is usually
minimised to reduce the risk of leakage.

B. Relevant tank equipment and other consider ations

Section

3.1.12.7 Equipment for tanks Vents 3.1.12.7.1

Still wells and guide poles | 3.1.12.7.3

Instrumentation 3.1.12.7.4

Access hatches 3.1.12.7.5

Drains 3.1.12.7.6

Sealing elements 3.1.12.7.9

Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.21: Cross-referencesfor spheres (pressurised)
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C. Possible emission sour ces (spheres (pressurised))

Table 3.22 and Table 3.23 show the emission scores for the potential emission sources for
pressurised spheres. Figure 3.2 explains the methodology for calculating the emission score.
The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying N/A
Cleaning 1 2 2
Blanketing (Inerting) 2 1 2
Gauging N/A
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 2 4

Table 3.22: Possible emissionsto air from ‘operational sources with spheres (pressurised)
[113, TETSP, 2001]

Potential source of liquid
emissionsto water or waste

Emission frequency

Emission volume

Emission score

Draining 2 0 0
Cleaning 1 1 1
Sampling 2 0 0

Table 3.23: Possible liquid emissions to water or waste from ‘operational sources with spheres
(pressurised)
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill/overpressure and leakages. These emissions are also addressed in
Chapter 4.

3.1.8. Mounded storage (pressurised)
A. Description (Figure 3.11)
[84, TETSP, 2001]

Mounded storage is the term given to the pressurised storage at ambient temperatures of
liquefied petroleum gases in horizontal cylindrical tanks placed at or just below ground level
and completely covered with suitable backfill. Several tanks may be placed side-by-side under
one ‘mound’. Tanks in open underground vaults and excavations are normally not considered to
be ‘mounded storage’.

The design aspects of mounded storage projects are in general more complicated than those for
aboveground spheres or bullets. Attention should be paid to the interaction between the tank and
soil, and to corrosion protection to avoid leakages. As it is not intended that mounded tanks will
be externally inspected during their lifetimes, attention needs to be given to the external coating
and application of a cathodic protection system to minimise the risk of (undetectable) corrosion.
The tanks need to be installed above the highest known water table level, and the soil cover,
therefore, usually protrudes above ground level as an earth mound — hence the term ‘mounded
storage’.
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Figure 3.11: Mounded storage
[EEMUA Pub 190]

If more than one tank is placed in a single mound, then the minimum distance between the tanks
depends on construction activities such as welding, coating, backfilling and compaction of the
backfill material. A distance of 1 m is considered to be a practical minimum.

The maximum diameter is usually determined by factors such as design pressure, fabrication
possibilities, post-weld heat treatment requirements, transport limitations, subsoil conditions
and economy of the design (a tank diameter of 8 m may be regarded as a practical upper limit).
The maximum allowable length is usually determined by the support structure and/or subsoil
conditions (especially if differential settlement is expected), size of available site and economy
of the design. For tanks which are founded on a sand-bed, the length of the tank is generally no
more than eight times the diameter, in order to prevent the design shell thickness being
governed by longitudinal bending of the tank due to possible differential settlement or
construction tolerances of tanks and foundations. The maximum volume of a tank is normally
approximately 3500 m’ gross; there is no minimum size of tank, except for practical
considerations.

From an external safety point of view, mounded storage for flammable liquefied gases could be
considered as fire protection (to prevent ‘boiling liquid expanding vapour explosion’ (BLEVE)
from happening).
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B. Relevant tank equipment and other considerations

Section

3.1.12.7 Equipment for tanks Vents 3.1.12.7.1

Still wells and guide poles 3.1.12.7.3

Instrumentation 3.1.12.74

Access hatches 3.1.12.7.5

Drains 3.1.12.7.6

Sealing elements 3.1.12.7.9

Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.24: Cross-references for mounded storage

C. Possible emission sour ces (mounded stor age/pr essurised)

Table 3.25 and Table 3.26 show the emission scores for the potential emission sources for
mounded storage. Figure 3.2 explains the methodology for calculating the emission score. The
sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying N/A
Cleaning 1 2 2
Blanketing (Inerting) 2 1 2
Manual gauging N/A
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 2 4

Table 3.25: Possible emissionsto air from ‘operational sources with pressurised mounded storage
[84, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 0 0
Cleaning 1 1 1
Sampling 2 0 0

Table 3.26: Possible liquid emissions to water or waste from ‘operational sources with pressurised
mounded storage
[84, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill/overpressure and leakages. These emissions are also addressed in
Chapter 4.
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3.1.9. Variable vapour space tanks

A. Description
[87, TETSP, 2001]

Variable vapour space tanks are equipped with expandable vapour reservoirs to accommodate
vapour volume fluctuations attributable to temperature and barometric pressure changes. The
two most common types of variable vapour space tanks are lifter roof tanks and flexible
diaphragm tanks. Lifter roof tanks are used to store a product whereas flexible diaphragm tanks
are only used to store vapour at, or very close to, atmospheric pressure. The latter are usually
connected to a number of tanks to reduce breathing emissions and are thus an emission control
measure (ECM): see Section 4.1.3.13.

Lifter roof tanks have a telescoping roof that fits loosely around the outside of the main tank
wall. The space between the roof and the wall is closed by either a wet seal, which is a trough
filled with liquid, or a dry seal, which uses a flexible coated fabric.

The use of a water seal necessitates manual checking or automatic control of the seal level. Use
during cold weather requires protection against freezing. Fabric seals have to be checked
regularly for wear or damage which will result in vapour loss. Lifter roof tanks are very rarely
used in Europe for petroleum product storage.

Lifter roof tank losses occur during tank filling when vapour is displaced by liquid and the
tank’s vapour storage capacity is exceeded.

B. Relevant tank equipment and other consider ations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Gauging and sample hatches 3.1.12.7.2
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.7.4
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.27: Cross-referencesfor lifter roof tanks

C. Possible emission sour ces (lifter roof tanks)

Table 3.28 and Table 3.29 show the emission scores for the potential emission sources for lifter
roof tanks. Figure 3.2 explains the methodology for calculating the emission score. The sources
with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.
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Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 3 6
Breathing 3 0 0
Emptying 2 1 2
Cleaning 1 2 2
Blanketing N/A
Manual gauging 2 1 2
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 1 2

Table 3.28: Possible emissionsto air from ‘operational sources with lifter roof tanks
[87, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 1 2
Cleaning 1 3 3
Sampling 2 0 0

Table 3.29: Possible emissionsto water or waste from ‘operational sources with lifter roof tanks
[87, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill/overpressure and leakages. These emissions are also addressed in
Chapter 4.

3.1.10. Refrigerated storage tanks

A. Description
[84, TETSP, 2001]

There are three types of refrigerated storage systems:

e single containment
e double containment
e full containment.

The selection of the type of storage system will be considerably influenced by the location, the
operational conditions, the adjacent installations, loadings and environmental considerations.

From an external safety point of view, refrigerated storage could be considered for large scale
storage of liquefied gases such as ammonia, chlorine, liquefied petroleum gas, etc.

Single containment

Either a single or double wall tank designed and constructed so that only the containing element
in contact with the refrigerated product is required to meet the low temperature ductility
requirements for storage of the product. The outer shell (if any) of a single containment storage
system is primarily for the retention and protection of insulation and is not designed to contain
liquid in the event of product leakage from the inner container. A single containment tank will
usually be surrounded by a traditional low bund wall to contain any leakage.
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Figure 3.12: Typical example of a single containment refrigerated tank

[EEMUA Pub 147]

Double containment
A double wall tank is designed and constructed so that both inner tank and outer shell are
capable of containing the refrigerated liquid stored. The inner tank stores the refrigerated liquid
under normal operating conditions. The outer shell is able to contain any refrigerated liquid
product leakage from the inner tank. The outer shell is not designed to contain vapour released
due to product leakage from the inner tank.

Roof

Loose

required

insulation

Outer shell =
(not able to
contain liquid)

Botoom heater '

if

fill

i
i Jm—— Inner tank

Suspended roof
(insulated)

Pre-stressed
concrete
outer wall

Base insulation

Concrete
outer base

Figure 3.13: Typical example of a double containment refrigerated tank

[EEMUA Pub 147]

Full containment

A double wall tank designed and constructed so that both inner and outer tanks are capable of
containing the refrigerated liquid (e.g. ammonia) stored. The outer wall is approximately
1 to 2 metres distant from the inner wall. The inner tank stores the refrigerated liquid under
normal operating conditions. The outer roof is supported by the outer wall. The outer tank is
capable of containing the refrigerated liquid and vapour resulting from product leakage from the

inner tank.
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Figure 3.14: Typical example of a full containment refrigerated tank

[EEMUA Pub 147]
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B. Relevant tank equipment and other considerations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Gauging and sample hatches 3.1.12.7.2
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.74
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.30: Cross-referencesfor refrigerated storage tanks

C. Possible emission sour ces (refriger ated storage tanks)

Table 3.31 and Table 3.32 show the emission scores for the potential emission sources for
aboveground refrigerated storage. Figure 3.2 explains the methodology for calculating the
emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying N/A
Cleaning 1 2 2
Blanketing 2 1 2
Manual gauging N/A
Sampling 2 1 2
Fugitive 2 1 2
Draining N/A

Table 3.31: Possible emissionsto air from ‘operational sources with refrigerated storage
[84, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining N/A
Cleaning N/A
Sampling N/A

Table 3.32: Possibleliquid emissionsto water or waste from ‘operational sources with refrigerated
storage
[84, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.

BVT-Merkblatt Emissionen aus der Lagerung Januar 2005 32



Kapitel 3

3.1.11. Underground horizontal storage tanks

A. Description
[18, UBA, 1999] [132, Arthur D. Little Limited, 2001]

Horizontal tanks can be — apart from aboveground — buried or mounded. For details on
mounded storage see Section 3.1.8. Underground (buried) storage tanks are often used for the
storage of gasoline, diesel and other fuels and typically have a capacity of less than 50 m’. They
can be made of steel or fiberglass reinforced polymers. See Section 3.1.4 for the general
description of atmospheric horizontal tanks. See Section 3.1.5 for the general description of
pressurised horizontal tanks.

In addition, underground tanks are protected from corrosion on the outside, for example with
cathodic corrosion protection or by insulation, e.g. bitumen. The tanks can be double walled and
equipped with a leakage detector, but can also be single walled in combination with a
containment. The level of emission control equipment is of course dependent on the substance
that is stored.

For underground tanks it is important that the construction proceeds in such a way so as to
prevent damage from aboveground activities. When containing combustible substances, the tank
is normally completely surrounded by a layer of non-combustible substance that cannot damage
the insulating layer, e.g. sand.

Vapour balancin
P g Exhaust cleaning installation

(b)
(a) ~

Cathodic protection >
Fillin ;
pipe 9 '—,Lﬁ Dome Leakage indicator system
Corrosion prevention
Sand layer

Ground

Key:

a=Flame arrester

b= Pressure/vacuum valve
c= Level measurement
d=Temperature monitoring
e= Pressure monitoring

f= Overfill protection

Abbildung 3.15: Under ground double wall tank with some emission control equipment installed
[18, UBA, 1999]

See Annex 8.6, for a summary of Member State requirements for underground storage in
general from reference [132, Arthur D. Little Limited, 2001], a study commissioned by the
European Commission on the storage of gasoline containing methyl-tertiary-butyl-ether
(MBTE).
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B. Relevant tank equipment and other considerations

Section
3.1.12.7 Equipment for tanks Instrumentation 3.1.12.7.4
Drains 3.1.12.7.6
Sealing elements 3.1.12.7.9
Valves 3.1.12.7.10
3.1.12 Considerations related to tanks

Table 3.33: Cross-references for underground horizontal storage tanks

C. Possible emission sour ces (underground horizontal stor age tanks)

Table 3.34 and Table 3.35 show the emission scores for the potential emission sources for
underground horizontal storage tanks. Figure 3.2 explains the methodology for calculating the
emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling
Breathing
Emptying
Cleaning
Blanketing
Manual gauging
Sampling
Fugitive
Draining

W [N|W|— NN
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Table 3.34: Possible emissions to air from ‘operational sources with underground horizontal
storage
[84, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 1 1 1
Cleaning 1 2
Sampling N/A

Table 3.35: Possible liquid emissions to water or waste from ‘operational sources with
underground horizontal storage
[84, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.
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3.1.12. Considerations related to tanks

3.1.12.1. Economics

The costs of designing, constructing and operating storage tanks very much depend upon the
type of tank (e.g. EFRT, fixed roof tank), the size of the tank, the design features (e.g. type of
foundation, external coating, type of safety and environmental protection measures), the
requirements set by the product to be stored (e.g. internal coating, stainless steel versus mild
steel, vapour control system), the operating conditions, the required inspection and maintenance
activities and, linked to the latter, the envisaged technical lifetime. It is very difficult to give for
certain tank types, typical costs in euro per cubic metre of maximum storage volume. It is
important, therefore, to focus on the ‘total cost of ownership’ (TCO) of a storage tank, for
example by considering all the elements shown in Table 3.38.

Cost elementswhich are | Cost elementswhich arenot | Cost elementswhich aretypically not
typically considered when always consider ed when often considered when determining
determining unit ratecost | determining unit rate cost unit rate cost
- design - inspection/maintenance - downtime or non-availability due
- construction and - re-design to inspection/maintenance period
installation - documentation - training
- commissioning - operation/handling - safety and environmental impact
- performance/breakdowns
- obsolescence
- demolition

Table 3.36: Cost elementsfor storagetanks
[113, TETSP, 2001]

3.1.12.2. Design and construction

Description: The material of the whole tank should comply with internally recognised
standards: EN 14015, API 650, BS 2654, DIN 4119, NEN 3850', CPR9-3, BS 2594 or BS 4994
or any other national or international standard that provides an equivalent level of safety. (See
Annex 8.1 International Codes, for an overview of the standards). Furthermore, the constructed
facilities, including tanks and foundations, need to be or are usually constructed in such a way
that displacements and slopes, which pose a danger to the safety and tightness of the
installation, are excluded. The raw materials, production process, dimensions, applied
monitoring and quality-proofing of the tanks and all their equipment need to be appropriate for
the technical purpose.

The distances between tanks and from the tanks to walls and other construction components are
sufficient to allow malfunctions to be detected and fires to be contained. These distances are
kept or protective walls are constructed to minimise danger to neighbouring facilities or
buildings. For more details on distances, see Section 4.1.2.3.

A summary of important aspects and considerations for the design and construction
requirements of tanks are given below.

A. Benefits of a proper design

Most technical measures, related to the reduction or elimination of the consequences of
‘abnormal’ conditions are taken at the design stage. The risks resulting from a loss of
containment are assessed at this stage and technical safety measures are defined accordingly. In
essence, the best industrial knowledge about the substance to be stored is used at this phase to

' In cases when the liquid stored has a specific gravity < 1 and the pressure above the liquid is more or less equal to atmospheric

pressure.
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select suitable technical storage options based on either some kind of risk analysis or ‘cost to
benefit’ analysis. Defining and implementing the safety measures at the design phase is
undoubtedly the best and cheapest option. The efficiency of the safety measures also need to be
maintained over time. This can only be ensured by carrying out regular checks on the operation
of safety devices e.g. relief valves, interlocks, on/off valves, etc. The management system
should be organised in such a way that these check-ups can be dealt with properly.

At first the designer should consider the level of appropriate operational measures to be
followed by the operators. Operational measures, e.g. clear instructions given to the operators,
are the primary requirements for preventing overfills, overpressure and/or leakage. A few
examples demonstrate how efficient these operational measures can be:

e instruments used for controlling the normal operation of the storage system, such as level or
pressure indicators, inform the operator when a process parameter is at risk of exceeding its
pre-set limit. The operator will then be able to react quickly

e during regular inspections, the operators are able to react after observation of parameters
exceeding their pre-set limits (e.g. vibration of a pipe, noise of a pump, unusual odour).
They can then check for leaks and can detect small leaks before they result in uncontrolled
releases, etc.

e whilst a vessel which is not equipped with level instrumentation and/or alarms is being
loaded, the presence of the operator prevents overfilling.

The efficiency of these measures needs to be maintained. This is — amongst others — the role of
the management systems, which normally facilitates:

e regular training of the operators
e updating of the operating instructions
e calibration of instruments on a regular basis.

Environmental inspections of the storage facility must be considered at this stage. These play a
major role in determining possible emission sources. Regular checks should be performed to
ensure that the emissions remain within the permitted limits. Moreover they can inform the
operator when the performance is becoming unacceptable. For more details see Section 4.1.2.2.

Carrying out mechanical inspections of the storage facility can play a key role in the prevention
of incidents. The basis of an inspection plan is usually drawn up at the design stage with the
selection of the components. In general these components, or the total storage facility itself, will
be based on experience with:

e the substance
e the component
e the component/substance combination.

Examples are:

suitability of construction materials and of proven assembly (e.g. welding) procedures
selection of equipment manufacturers

proper specification of equipment such as pumps, valves, instruments and gaskets

site layouts, e.g. checking easy access to equipment.

The management system carries the responsibility of the inspection plan. This inspection plan
aims to fix rules in order to define inspection frequencies, acceptance criteria of defects etc.
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B. Design requirements
Design requirements depend on the following aspects (not shown in any order of importance):

e purpose of the storage tank(s), e.g. is the tank part of a manufacturing process or is the tank
a standalone unit providing storage space for short or a longer term

e other requirements set by the owner/operator and/or customer (e.g. storage volume,
accessibility, optimal inspection intervals during the operating period by the choice of
‘better’ materials or by adding corrosion allowances on design thickness of components,
type of mixer, etc.)

e national codes and guidelines, together with more specific local legislative requirements,
(e.g. fire regulations, the minimum distances between tanks, etc.)

e type of products to be stored and the corresponding (appropriate) storage condition (i.e.
atmospheric, pressurised or refrigerated condition)

e vapour pressure of the product, which determines the need for atmospheric or low pressure
rated storage, e.g. an EFRT or FRT, or pressurised storage

e both safety (systems and type of instrumentation) and environmental requirements
(emission controls)

e requirements determining the location, e.g. other facilities in the neighbourhood (safety
distances), distance to the jetty or truck loading racks, distance to facilities or residential
areas outside the boundary fence, etc.

e specific design requirements predicted by climatic conditions or specific soil conditions.

Determining the correct design in general should also include a consideration of the foundation
type and bearing capacity of the underlying soil. Bearing capacity aspects normally include the
settlement potential, taking account of the effects of cyclic loading due to the tank being
successively filled and emptied. Large, uneven settlements can cause excessive ovaling of
floating roof tank shells which can cause the roof to jam, reducing safety and leading to
additional air emissions.

C. Construction requirements

Construction requirements depend on the following aspects, but are not limited to:

e type and size of the tank

e selected tank material (e.g. mild steel, stainless steel, aluminium, or synthetic materials)

e number of appendages and fittings, extent of automated operations by means of instruments

e location of the tank within a specific location (e.g. accessibility, level of safety
precautions/distances, available working time)

e allowable construction time

e availability of construction expertise at the site (e.g. type of tank erection method)

e availability of construction equipment at the location (e.g. cranes)

e requirements set by the (local) authorities, e.g. building permits, local building codes, etc.

D. Codes, standards and guidelines

Some examples of international codes, standards and guidelines are given below. For a more
complete overview, see Annex 8.1 International Codes.

Aboveground storage: EN 14015, API 650, API 652, DIN 4119, BS 2654, EEMUA 180,
EEMUA 183, EMC 1980, CODRES 1991, CPR 9-2/3.

Underground storage: API 1615, ASTM D4021-92, DIN 6600, DIN EN 976, BS EN 976,
AFNOR NF EN 976, CPR 9-1.
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Pressurised storage: ASME Section I, ASME Code Cases: BPV, BS PD 5500, PD 6497,
EEMUA 190, CODAP 95, Rules for Pressure Vessels (Dutch code).

Refrigerated storage: EN 14620, API 620, NFPA 57, NFPA 59, BS 7777, EEMUA 147, 1P
Model Code of Safe Practice Volume 1-Part 9, CPR 13.

3.1.12.3. Commissioning
[113, TETSP, 2001]

Commissioning or re-commissioning after a tank turn-around requires a full inspection to be
undertaken, both inside and outside the tank, to ensure any mechanical and electrical work has
been completed and that all equipment is safe. This inspection will cover at least the following:

foundations, bund walls, floors and drainage systems

all electrical bonding and earthing, cathodic protection and electrical fittings
ladders, walkways, and railings

emission control measures

any mixers, vents and pressure/vacuum relief valves

instrumentation including level and temperature gauges and all alarms

all suction, discharge and drainage valves

fire fighting systems, including foam injection

safety systems.

Before operation, all tools, debris and waste materials need to be removed from the tank, both
internally and externally, with all the valves (with the exception of the roof drain valve on
EFRTs) left in the closed position. All roof fittings are also in a closed position. Normally a
final inspection of the inside is made before closure of the access hatch.

3.1.12.4. Management
[113, TETSP, 2001]

The main operations to be considered in this document are those likely to create a release of
material from the tank and these are described in Figure 3.1.

These operations can be sorted into routine operations (e.g. filling, emptying, level gauging,
sampling, etc.) and non-routine operations prior to maintenance and inspection. The
management systems have to cope with both types, but the means are different; instrumented
control systems often assist the operators when they deal with routine operations, while non-
routine operations are often performed manually, following special operating instructions.

3.1.12.5. Operation
[113, TETSP, 2001]

Operation of a tank means the normal utilisation of that tank to store liquids or liquefied gases

and the main activities which permit its safe use (e.g. management, maintenance, inspection,
etc.). The measures to ensure the proper operation of tanks are described in Section 4.1.2.
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3.1.12.6. Decommissioning and demolition
[37, HSE, 1998] [113, TETSP, 2001]

Decommissioning

In decommissioning, tanks which are to be taken out of service are made safe. The method will
vary with the location of the tank, the product it has contained and whether it is to be taken out
of use permanently or only temporarily. Common practice is that a risk assessment is carried out
at the planning stage to identify any hazards that decommissioning may incur. The preliminary
steps in the decommissioning process (which apply also to pipework) are:

e isolation of the tanks from any process, plant or storage vessel by either removing pipe
sections or fitting spade pieces. Shut-off valves by themselves are not adequate

e emptying the tanks as much as possible

e opening access hatches to assist venting.

Tanks which are being decommissioned permanently are made safe by thorough cleaning and
gas freeing. Any entry points (access hatches, etc) should be physically closed or barred to
prevent unauthorised access. Alternatively large door sections of the tank shell can be removed
to make the development of an unsafe atmosphere impossible. Tanks that are being
decommissioned temporarily are made safe by thorough cleaning as above or by filling with
water or an inert gas such as nitrogen. If inert gas is used, the tank is labelled to make it clear
that it contains a gas which could cause suffocation if the tank is entered. As above, any entry
points should be physically closed. Regular inspection ensures that the tanks remain in a safe
condition. Carbon steel tanks which have been filled with water for some time will be subject to
internal corrosion; when emptied of water the inner surface of the tank will rapidly rust
(oxidise) resulting in dangerous oxygen depletion of the tank atmosphere.

In several Member States, the work needs to be covered by a permit-to-work or similar
authorisation procedure. Such a permit specifies:

the area to which the permit applies

the work to be undertaken and the method to be used

the time limit on the permit

the precautions to ensure that all flammable materials have been removed and cannot be
accidentally reintroduced.

Demolition

The demolition of tanks that have contained flammable or other hazardous liquids is potentially
(very) dangerous. Hot work might cause an explosion if it is undertaken before the tanks and
pipework have been adequately drained and cleaned. Tanks that have contained flammable
liquids need special preparation to remove flammable vapours or associated liquids and sludges.
Residues that can emit flammable vapours when heated may be present on the walls and
underside of the roof. It may, at times, even be advisable to use a special tank demolition
company with the relevant expertise and equipment.

3.1.12.7. Tank equipment
[67, Rentz et al, 1998]

The following equipment may be installed on a storage tank, depending upon the mode for
which it is designed: vents, access hatches, gauge float wells, gauge-hatches/sample wells, rim
vents, roof drains, roof legs, unslotted guidepole wells, slotted guidepole/sample wells and
vacuum breakers. These fittings accommodate the structural support or provide certain
operational functions. They can be a source of emissions to air because they require penetrations
in the roof.
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As an example, fittings for external floating roofs include: access hatches, guidepole wells, roof
legs, vacuum breakers, and automatic gauge float wells.

3.1.12.7.1. Vents
[113, TETSP, 2001] [41, Concawe, 1999] [84, TETSP, 2001] [3, CPR, 1984, 37, HSE, 1998]

Normal relief can be provided by the following types of vents, depending on the type of tank:

Open vents

Storage tanks which operate purely at atmospheric pressure (i.e. without pressure or vacuum
conditions existing in the tank) are equipped with open roof vents. These air vents cannot be
shut. The open air vents are designed to ensure that under the conditions of the highest vapour
flow (i.e. when the supply pumps are operating at maximum capacity and ambient conditions
simultaneously produce maximum rates of breathing) no dangerous under- or overpressure can
occur.

Pressure/vacuum relief valves (PVRVS)

Pressure relief valves prevent excessive pressure build-up, and vacuum valves prevent the tank
collapsing due to a negative pressure in the tank. These functions may be combined in a
pressure/vacuum relief valve (PVRV), also known as a breather valve. In the standard BS 2654
(International Codes), these valves are recommended for use on atmospheric fixed roof tanks in
which a product with a flashpoint below 38 °C is stored and for use on tanks containing a
product that is heated above its flashpoint. Table 3.8 shows the three basic types of fixed roof
tanks, together with their pressure and vacuum design ratings.

Liquefied gas tanks are always fitted with pressure relief valves. In certain designs, for example
in the case of refrigerated tanks, vacuum relief valves are also fitted. These valves protect the
tank against pressure excursions due to process malfunctions or fire conditions.

Bleeder vents

Floating roof tanks can be fitted with automatic bleeder vents (also called vacuum breakers) to
release air and vapour from under the floating roof during initial filling, and to allow in
breathing if the tank is emptied so that the roof lands on its legs. Normally they open
automatically before the roof lands on its legs, thus stopping vacuum conditions arising, but
under normal circumstances these vents are closed. The size of the bleeder vent/vacuum breaker
is based on the product (and hence vapour) flowrate when filling the tank. It is important to
have the bleeder vent pipe supports, which open the vent valve, designed in a similar way to the
roof support legs, i.e. to have an operational and a maintenance setting. The change of roof
support leg adjustment should always include a similar change to the bleeder vent support
setting to prevent malfunction of the whole system.

Rim seal vents

On external floating roof tanks a rim seal vent is required for seals that have a ‘vapour space’
under the primary rim seal, for example vapour mounted seals and the mechanical shoe type
seals. The liquid mounted seals do not require a rim vent. The main function of the rim vent is
to allow pockets of vapour, which become pressurised, to escape from under the rim seal to the
atmosphere. Vapour pockets can form under the floating roof deck and then find their way into
the rim space. Overpressure inside the rim space may damage the rim seal material and hence
reduce the efficiency of the seal.

Emergency relief may be provided by:
e larger or additional vents

e access hatches or hatch covers which lift under abnormal internal pressure
e purpose-built relief devices, e.g. on pressurised tanks.
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Another possible option is that tanks with a fixed roof containing flammable liquids, can be
constructed is such a way that, in the event of an explosion, the roof will tear at the top of the
tank. The weld between the roof and the tank-wall is, therefore, weaker than the weld between
the bottom and the tank-wall.

3.1.12.7.2. Gauging and sample hatches

Products in atmospheric storage tanks are usually dipped or ullaged from a gauging or still well.
The gauge measures parameters such as: height, mass, temperature, density and/or pressure. To
prevent emissions to air the gauge or still well is closed with a lid during normal circumstances.
Self-closing foot-operated hatches that are vapour tight are commonplace. Automatic gauging is
possible and has the advantage over manual dipping that it allows determination of the quantity
of liquid without opening the tank.

Dipsticks are potential sources of ignition in that they may produce frictional heating, sparking
or static electricity. Normally they are made of non-sparking alloys and are earthed as described,
e.g. in BS 5958 (see Annex 8.1 International Codes). Dip tapes may be an alternative to
measure depth.

For an EFRT, access to the roof itself during operation is not recommended without breathing
apparatus and assistance.

3.1.12.7.3. Still wells and guide poles
[114, UBA, 2001] [41, Concawe, 1999]

Still wells and guide poles are installed to:

enable access for measuring the liquid level

enable access for measuring the temperature of the liquid
enable access for sampling the liquid

prevent the roof from rotating.

For an EFRT at least one still well is recommended. If two are used, (one for the automatic level
gauge, and another for manual dipping) they are normally adjacent and fixed to the tank
(preferably to the floor) in the same way. If manual and automatic gauging are carried out from
the same still well, then a method of winding the automatic gauge out of the way is necessary to
allow safe sampling and gauging and to minimise the likelihood of spillage.

3.1.12.7.4. Instrumentation
[41, Concawe, 1999] [18, UBA, 1999] [3, CPR, 1984] [113, TETSP, 2001]

Local or remote instrumentation should be in accordance with appropriate standards; the
Institute of Petroleum (IP) Petroleum Measurement Manual and IP Electrical Safety Code will
provide specific advice, as well as other codes, standards and guidelines in this field; see Annex
8.1 — International Codes.

Level control and overfill protection

During filling procedures, usually it is insufficient to control and record only the filling level.
Because there is a danger of overfilling and consequent soil and water pollution, storage tanks
can be equipped with overfill protection so that filling procedures can be interrupted
automatically before the maximum authorised level of liquid is reached. Where the filling
procedure is not carried out automatically, e.g. when it is carried out manually, the tank is
normally equipped with an alarm to indicate when the maximum authorised level of liquid is
reached. When the alarm goes off, personnel can stop the filling procedure in time.
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Flame arrester

Atmospheric storage tanks containing volatile products may have a flammable atmosphere
above the liquid. To prevent these vapours being ignited by an external source (e.g. lightening)
open (air) vents can be fitted with flame arresters. However, these can become partially or fully
blocked (e.g. by ice, dirt, polymerised product, wax, etc.). As the open vent is designed and
fitted to prevent the tank becoming either over- or under-pressurised, the installation of these
arresters can compromise the tank integrity unless they are regularly inspected and maintained.

Pressure relief valves are normally designed so that the vapour flow out of the valve exceeds the
flame propagation speed in the vapour, thus preventing flame ingress into the tank. Due to the
problems of blockage with flame arresters described above, these are not normally fitted in
series with PVRVs — see API 650 (Annex 8.1 — International Codes).

Leak and gas detection

Instruments and/or analysers are used to detect liquid and/or gaseous leaks and spillages. A
particular case is the verification of the safe working level of contamination in vessels before
internal maintenance. The following is a non-exhaustive list of some typical techniques used:

e gas leaks can be detected by explosimeters, general purpose organic vapours analysers
(OVA) or specific gas analysers

e liquid leaks can be detected in the spillage collection systems. Level or interface level
sensors can be used for insoluble organics, while pH meters and conductivity meters can be
used when, for example, acids or bases are handled.

3.1.12.7.5. Access hatches
[41, Concawe, 1999] [113, TETSP, 2001]

For aboveground vertical atmospheric tanks, access hatches at the base of the tank allow access
during a shut-down of the tank and to fulfil gas freeing of the tank. This is also the access route
where any solids left in the tank are removed during cleaning operations. For safety reasons,
tanks greater than 25 metres in diameter require at least two access hatches.

An access hatch is also usually provided for horizontal tanks (both atmospheric and pressurised)
on the top of the tank.

3.1.12.7.6. Drains
[41, Concawe, 1999] [37, HSE, 1998] [113, TETSP, 2001] [3, CPR, 1984]

For atmospheric tanks, a drain allows the removal of water that may accumulate at the base of
the tank. This is best achieved by an internal water draw-off sump and line leading to an
external, valved outlet. In the case of flammable liquids it is common practice to blank off the
valves when not in use. Strict operational control is required to prevent accidental draining of
the tank contents due to leaving the valve open after starting to drain water.

An EFRT requires a second type of drain. This is to provide drainage for the roof to cater for
rainwater. The water is drained via an internal articulated pipe or flexible hose with a valve at
the end, at the base of the tank. A non-return valve near the roof end is recommended to prevent
any leakage into the drain from the product reaching the roof and evaporating. Normally the
roof drain at the base is closed to prevent any product leakage. However, this must be
complemented by a programme of regular draining, particularly during or after rainstorms,
otherwise there is a potential serious risk of sinking the roof and causing substantial emissions.
Reference, [3, CPR, 1984] however, states that the drain should always be opened. In this case
leakage of the product into the roof drain line would result in a spill.
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For pressurised storage tanks, the drain systems are normally provided with two manual shut-off
ball valves that are separated by at least 600 mm of adequately supported piping with a fall
towards the outlet. The two drain valves are positioned to enable simultaneous operation of both
valves by a single operator. The downstream valve is normally a quick-acting spring-loaded
type (spring to close) valve that will operate as a dead man’s handle. The drain outlet point can
be lined up to a vapour treatment (i.e. thermal oxidiser) via a vapour knock out vessel.

3.1.12.7.7. Mixers
[41, Concawe, 1999]

Mixers are used in blending tanks and also to prevent the accumulation of solids and sludges in
the tank bases. They are normally capable of being maintained without the need to shut down
the tank. Consideration could be given to the installation of warning devices to indicate failures
of bearings or mechanical seals, especially where the operation is unattended for long periods.
This will ensure action can be taken quickly for a problem that could escalate into a safety or
environmental incident.

3.1.12.7.8. Heating systems
[3, CPR, 1984] [37, HSE, 1998] [113, TETSP, 2001] [18, UBA, 1999]

For the heating of the products stored in tanks (e.g. to ease pumping for reasons of viscosity),
pipework is installed inside the tank through which steam, heated water or heated oil is pumped
for heat exchange. Standards for the construction of heated tanks and their associated heating
equipment are, e.g. BS 799, BS 5410 or BS 806 (See Annex 8.1 International Codes).

Normally the outlet pipe is located above the heating coil or element to prevent exposure of any
internal heated surface or any temperature control sensor. A second drain pipe is fitted at a
lower level so that the tank can be completely emptied when necessary. A locked closed valve
or a blank flange will prevent this drain pipe from being used during normal operations. An
alternative is to fit a low liquid level alarm linked to a heater cut-out or an alarm to identify
important changes. In any event, a heating system can be equipped with different levels of
instrumentation, dependent upon product specifications and operational requirements.

The temperature and/or the pressure of the product stored are monitored when it is necessary
because of operating conditions or characteristics of the substances, e.g. with heated tanks or if
gas blanketing is required.

3.1.12.7.9. Sealing elements
[149, ESA, 2004]

The primary purpose of a seal is to contain the liquid or liquefied gases and prevent or reduce
emissions. A significant proportion of fugitive emissions are losses from unsealed sources,
including storage tanks, open-ended (non blanketed) lines, pressure-relief valves, vents, flares,
blow-down systems and spills. In other cases, these losses may be caused by leaks in the sealing
elements of particular items of equipment, such as:

agitators/mixers
COMpressors
flanges

pumps

tank lids
valves.
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Some important causes of leaking losses are:

ill-fitting internal or external sealing elements
installation or construction faults

wear and tear

equipment failure

pollution of the sealing element

incorrect process conditions.

3.1.12.7.10. Valves

Valves are part of both the tank and the transfer system. They are described in Section 3.2.2.6.

3.1.13. Containers and the storage of containers

A. Description
[7, CPR, 1992, 36, HSE, 1998, 116, Associazione Italiana Commercio Chimico, 2001]

Containers are classed as:

glass bottles up to 5 litres

plastic bottles or drums up to 60 litres

metal canisters up to 25 litres

steel or GRP (glass-fibre reinforced polyester) drums up to 300 litres
paper (solids only) or plastic bags

intermediate bulk containers (IBC).

The material of the container must be perfectly compatible with the chemico-physical properties
of the liquid to ensure that no interaction occurs which might cause a reaction or leakage. In
International Codes, the most important codes are listed. For dangerous substances the
containers must be of an appropriate UN performance tested type. For liquid substances, to
avoid product dispersion, it is mandatory to respect a filling percentage of the container
depending on the characteristics of the products. The containers need to be robust and have
well-fitting lids or tops to resist spillage if knocked over.

Several types of containers are normally used to transport and store chemical products:

Glass containers
Glass bottles do not normally exceed a capacity of 5 litres and often do not exceed a capacity of
2.5 litres. In most cases glass bottles are intended for immediate use e.g. in a laboratory.

Drums

These are, normally, cylindrical containers with a flat top and bottom. However, the shape
depends on the product that is stored. The drums can be made of steel, plastic, wood, cardboard
or other materials.

Plastic composite containers
These types of containers are made of an internal plastic container and an external (cardboard,
wood, etc.) package. Once put together, they cannot be re-divided.

Composite containers

This type of containers is made of an internal glass, porcelain or earthenware container and an
external (cardboard, wood, etc.) package. After implementation this kind of container cannot be
re-divided. Most of these containers can be ‘reconditioned’ if the used containers have been
checked under official procedures.
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Big containers (IBCs)
These types of containers can have different shapes, sizes and capacities, but with the following
upper capacity limits:

e 3 m’ for hard IBCs
e 1.5 m’ for flexible IBCs.

IBCs commonly used are:

e metallic IBCs: completely made of metallic material, i.e. both the container and the
ancillary equipment.
o flexible IBCs: made of textile, film or other flexible material, (eventually also

composite material) and ancillary equipment.
e hard plastic IBCs: have hard plastic bodies, with or without a skeleton for the mechanical
support and ancillary equipment.

Containers can, of course, be used to store all kinds of materials in all different types of
industries. In this section only the storage by containers of dangerous materials is considered.

Figure 3.16 shows that containers with dangerous materials can be stored in (I) loose cabinets,
(IT) fitted cabinets, (I1la) storage cells in a multistorey building, (IIIb) storage cells in a single-
storey building in (IV) storage buildings and in (V) storage yards. Cabinets are very small units
and are not further described. The latter three are described in the following sections.

Even more important than a proper storage facility concerning dangerous materials is the
determination whether compartmenting is necessary. In principle, each category of dangerous
material shall be stored separately from other dangerous materials. Compatible and
incompatible combinations of dangerous materials are shown in Annex 8.3.

IIb
IIla P v

Figure 3.16: Possible locations for the storage of dangerous materialsin containers
[7, CPR, 1992]
B. Possible emission sour ces (containers)

Operational losses do not occur in storing packaged dangerous materials. The only possible
emissions are from incidents and (major) accidents. These emissions are addressed in Chapter 4.
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3.1.13.1. Storage cells

A. Description
[7, CPR, 1992, 36, HSE, 1998]

A storage cell containing hazardous materials in containers will normally be located on the
ground floor. A storage cell in a multistorey building will normally not contain more than
500 litres of hazardous materials, where one in a single-storey building will normally contain a
maximum of 2500 litres of dangerous materials. When the storage cell has direct access to a
workroom in which activities constituting a fire hazard usually take place, the cell is fitted with
a self-closing door. A storage cell may contain a fitted or loose cabinet for separately storing
hazardous materials (compartmenting) that may react with other stored substances to produce
dangerous gases or fumes or which may cause hazardous situations such as explosions, the
spray-release of dangerous materials or excessive heat.

B. Possible emission sour ces (stor age cells)

Operational losses do not occur in storing packaged dangerous materials. The only possible
emissions are from incidents and (major) accidents. These emissions are addressed in Chapter 4.

3.1.13.2. Storage buildings

A. Description
[HSE, 1998 #35; CPR, 1991 #8; CPR, 1992 #7, [43, Austria, 1991, 45, Vlaanderen, ] [117,
Verband Chemiehandel, 1997, 127, Agrar, 2001]

Storage buildings are used for storing all kinds of substances, from drums with flammable
liquids, cylinders with pressurised gas, to packaged products such as chemicals and pesticides or
chemical wastes awaiting disposal. They can be a standalone building or be part of another
building.

Good design and construction of storage buildings containing dangerous materials focuses on
events such as fire, explosion and releases of dangerous substances, in particular to prevent or
control them as much as possible. Also good management practices and operational procedures
are important; these are described in Chapter 4.

Between MSs many different standards for fire resistance, compartment size and also means of
escape and assistance to the fire brigade concerning storage buildings exist. The differences in
these standards are related to issues such as, how much and which dangerous materials are
stored. This means that the descriptions of storage buildings given in this section are general
and thus serve only as some examples.

Normally storage buildings are constructed of non-combustible materials, however, not always.
The degree of fire-resistance offered by the building determines the minimum distances from
boundaries and other buildings that need to be observed. With a sufficient degree of fire-
resistance the storage building can also be part of another establishment.

Compartmenting the spaces intended for storing dangerous materials separately can be carried
out by means of utilising partition walls or by incorporating a storage-free zone. Some
warehouses have an inbuilt store within the main warehouse. This interior store can be used to
store particular hazardous materials, for example highly flammable liquids and gases, or
peroxides. Compatible and incompatible combinations of hazardous materials are shown in
Annex 8.3.
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The floor(s) of the building is usually made of non-combustible material, is liquid-tight and will
be resistant to the stored substances.

The roof of the building is resistant to wind-blown fires, with the roof structure being of a fire-
resistant construction to prevent fire coming into the store. The degree of fire-resistance depends
on different factors such as, how close the store is to the border or other buildings and the type
of substances stored.

A storage building is normally equipped with adequate ventilation to prevent an explosive
mixture forming because of, e.g. leakage and to extract any harmful or unpleasant fumes.

The use of electrical equipment can generate sparks that might ignite a fire in the storage
building, therefore it is important to use explosion-protected electrical equipment. However,
proper earthing of the steel structure will usually suffice in most cases.

The level of fire prevention and fire-fighting measures depend on many factors, such as the
flammability of the stored substances, the flammability of the packaging and the quantity stored.
If a fire breaks out in a storage facility, part of the stored substances may be released. As, when
polluted extinguishant is produced, provisions are normally taken to prevent these materials
from entering the soil, sewerage systems or surface water. Systems for collecting the
extinguishant can be constructed in several ways, see Section 4.1.7.5 for more detailed
information. The capacity of the collection system depends on the type and amount of
substances stored and is described in further detail in Section 4.1.7.5..

B. Possible emission sour ces (stor age buildings)

Operational losses do not occur in storing packaged dangerous materials. The only possible
emissions are from incidents and (major) accidents. These emissions are addressed in Chapter 4.

3.1.13.3. Outside storage (storage yards)

A: Description
[7, CPR, 1992, 8, CPR, 1991, 35, HSE, 1998]

In principle, measures and provisions for storing dangerous (packaged) materials outside do not
differ from those for storage inside a building (see Section 3.1.13.2). The amount and type of
substances stored determines the minimum distances from boundaries and buildings to be
observed. To protect the storage from direct sunlight and rain, the storage may be equipped with
a roof.

The collecting provisions normally applied for spilled substances and the eventually occurring
extinguishant are the same as those applied in storage buildings and are described in
Section 3.1.13.2. When the storage is not covered with a roof, provisions for the controlled
discharge of (possibly polluted) rainwater are normally in place.

The level of fire prevention and fire-fighting measures depend on many factors, such as the
flammability of the stored substances, the flammability of the packaging and the quantity stored.
B. Possible emission sour ces (storage yar ds)

Operational losses do not occur in storing packaged dangerous materials. The only possible
emissions are from incidents and (major) accidents. These emissions are addressed in Chapter 4.
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3.1.14. Basins and lagoons

A. Description
[113, TETSP, 2001]

Basins and lagoons are used in industry and in agriculture. In industry, they are most commonly
used to hold water of all types, including cooling and fire-fighting water, untreated waste water
and treated water. They can also be used to hold brine. In agriculture, they are widely used for
storing and treating manure and silage. They are not used for volatile petroleum products or
chemicals.

The distinction between basins and lagoons is not strictly defined and the terms are often
interchanged. Other terms, such as pond, are also used for this storage mode. There are two
types: naturally occurring and man-made.

The size and shape of a basin or lagoon is a site-specific issue. Rectangular basins of length to
width ratios of 3:1 or less are typical. Depths are again site-specific but are typically in the range
of 2 to 6 metres.

Construction: Where the site topography and the ground and soil are suitable, earth-banked
containment basins or lagoons can provide cost effective storage for non-hazardous substances
such as firewater or treated waste water. Lagoons may be constructed either above or below the
surrounding ground level with the formation level often being determined by the economic
advantages of balancing cut and fill. (See Pollution Prevention Guidance 18 Note published by
the Environment Agency, UK).

Where groundwater pollution is seen to be a risk, the lagoon should be substantially
impermeable, with either a clay or a synthetic membrane liner or a concrete layer being applied.

Shght camber

\\\ t Freeboard 750 mm

Well-graded impermeabhle
soil with 20 - 30 % clay content

.5/ Keyed foundation

| r : : Impermeable foundation soil
et R g e containing at least 20 - 30 % clay

Abbildung 3.17: Example of an earth-banked slurry store and design features

B. Possible emission sour ces (basins and lagoons)
Table 3.37 and Table 3.38 show the emission scores for the potential emission sources for
basins and lagoons. Figure 3.2 explains the methodology for calculating the emission score. The

sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.
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Potential source | Emission frequency | Emission volume | Emission score

of emissionsto air

Filling 2 3 6
Standing 3 3 9
Emptying 2 1 2
Cleaning 1 2 2
Blanketing N/A
Manual gauging N/A
Sampling N/A
Fugitive N/A
Draining N/A

Table 3.37: Possible emissionsto air from ‘operational sources with basins and lagoons
[87, TETSP, 2001]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 1 2
Cleaning 1 3 3
Sampling 2 0 0

Table 3.38: Possible emissionsto water or waste from ‘operational sources with basins and lagoons
[87, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents such as overfill
and leakages. These emissions are also addressed in Chapter 4.

3.1.15. Mined caverns (atmospheric)

See Section 3.1.16 for details on pressurised mined caverns and Section 3.1.17 for salt leached
caverns. The following general description applies to atmospheric as well as pressurised mined
caverns. It is important to note that most mined caverns are of the pressurised type. [150,
Geostock, 2002]

In building a rock mined cavern, there are three main factors to be taken into account:

1. the hydrocarbon product stored must be lighter than water
the bedrock must be sufficiently hard and homogenous

3. rock mined caverns must be excavated below the groundwater level to a depth where the
groundwater pressure around the cavern is higher than any pressure inside the cavern.

The difference in specific gravity between the hydrocarbon product stored and water, together
with the location of the caverns deep enough below the groundwater table, ensure that the
hydrostatic pressure of the groundwater surrounding the rock cavern is greater than that of the
stored hydrocarbon, thus preventing the liquid and gas from escaping. Seepage water, entering
the cavern through fractures and joints in the rock mass, collects in the water-bed and is pumped
out. There are several alternative varieties of acceptable bedrock, including intrusive rocks,
metamorphic rocks, limestone, certain sedimentary rocks and even in some cases volcanic
rocks. [81, Neste Engineering, 1996]
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A. Description [81, Neste Engineering, 1996]
There are two main types of mined cavern storage principles:

Caverns with a fixed waterbed

A layer of water, usually less than a metre deep, is maintained at the bottom of the cavern. The
water level is kept constant with a pump pit weir. Caverns built on the fixed waterbed principle
can store, for example, crude oil, LPG, gasoline, diesel fuel, light fuel oil and heavy fuel oil. See
Figure 3.18.

N
Water ®®|® —» Product distribution
outlet +—— 4—— Product inlet

P

—,‘_()M\/

Variable product level

Water pump

Weir
Product pump

Cavern with fixed water-bed

Figure 3.18: Schematic of a cavern with a fixed waterbed
[81, Neste Engineering, 1996]

Cavernswith a fluctuating waterbed

In this type of rock cavern, the level of the hydrocarbon product stored is kept at a nearly
constant height by varying the depth of the water layer. The cavern is always full and the
amount of water is at a minimum when the hydrocarbon product totally fills the cavern.
Conversely, when there is no hydrocarbon product in the cavern, it is full of water. See Figure
3.19.

Caverns constructed with a fluctuating waterbed are used, for example, for storing gasoline.
Heavy oils to be stored at elevated temperatures, and other hydrocarbon products requiring great
outlet pumping capacity, are stored in caverns utilising a dry pump room at the bottom level of
one or more of the caverns.
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Figure 3.19: Schematic of a cavern with afluctuating waterbed
[81, Neste Engineering, 1996]

Typical volumes of this type of cavern range from 50000 to 580000 m’. However, regional LPG
pressurised mined cavern storages can be as small as 8000 m’, as for example the LPG
Sennecey storage in France; see Section 3.1.16.

The Porvoo Refinery in Finland uses caverns of the fixed waterbed type because they need less
water and thus less water treatment.

The depth at which a cavern is situated differs according to the presence of suitable rock and the
hydrocarbon product stored. Typical depths range from 40 to 170 metres. At the Porvoo
Refinery, for example, a pressurised cavern containing LPG is situated 140 metres below the
groundwater level, see Figure 3.20.

. TR LPG (gas b
 «—»LPG (_Qas)G —* LPG (liquid) . LPG (ﬂ u)id e
— Water — Inlet e =
Inlet -
| =il

Frozen zone

LPG

LPG

Figure 3.20: Schematics of a pressurised cavern and arefrigerated cavern for the storage of L PG
[81, Neste Engineering, 1996]
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Construction
[81, Neste Engineering, 1996, 150, Geostock, 2002]

The construction of economically viable rock caverns is highly dependent on favourable rock
and groundwater conditions. Site studies are made to determine rock quality, solidity,
discontinuities, direction of schistosity and other valuable information. These are collected and
analysed in order to establish excavation plans. The bedrock structure is studied by means of
outcrop mapping, seismic refraction soundings, percussion drilling and diamond core drilling. It
is also good working practice to measure the initial stress of the bedrock and to carry out
hydrocarbon product/rock compatibility tests at this stage. Groundwater conditions are studied
by well observations and pumping tests. After this study, the exact location and the longitudinal
direction of the caverns can be chosen.

Economics
[81, Neste Engineering, 1996]

The major factors affecting construction costs are:

the quality of the bedrock

the groundwater conditions

the size and dimensions of storage caverns

the number of storage units and the total volume of the project

the type of hydrocarbon product to be stored and the method of storage

the amount of reinforcing and grouting needed

requirements for purifying seepage water and the need to replace groundwater
design loads of concrete structures

types of inlet and discharge facilities

the equipment and degree of automatic and remote control

the value of the excavated stone, which can be used for levelling, road construction, etc.

The largest cost item is excavating the cavern out of the rock, amounting to at least half of the
total investment costs. Installation costs, and the costs for reinforcement and concrete structures
are in the range of 10 % each. All costs depend greatly on local conditions. The marginal cost of
a rock mined cavern is very small in relation to its volume, favouring the storage of large
quantities of hydrocarbon product. In cost comparisons with aboveground steel tanks, the break-
even point at this particular location in Finland is generally 50000 m®. For LPG the figure is
considerably lower (approximately 10000 m’). Figure 3.21 shows the relative investment costs
for oil storage in surface tanks and unlined rock caverns under Finnish conditions. Figure 3.22
shows the relative investment costs for LPG storage alternatives under Finnish conditions. The
operation and maintenance costs of underground caverns, for example at the Porvoo Refinery,
are no more than one-sixth of those for steel tanks on the surface. This figure is based on daily
operations of 5 million m* of underground caverns and 2 million m* of aboveground steel tanks.
However, costs for decommissioning the site can be significant and will depend on many
aspects such as the substances that have been stored and the quality of the bedrock.
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Unit cost
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Figure 3.21: Relative investment costs for oil storage in surfacetanksand unlined rock cavernsat a
refinery location in Finland
[81, Neste Engineering, 1996]
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Figure 3.22: Relativeinvestment costsfor L PG storage alternatives at arefinery location in Finland
[81, Neste Engineering, 1996]

Emission and consumption
[81, Neste Engineering, 1996] [150, Geostock, 2002]

An underground storage unit is protected against external forces and threats. The risk of gas
explosions is minimal and under no circumstances can the hydrocarbon product catch fire
underground due to the absence of oxygen. Emissions to air are low, due to stable temperatures
and the possibility of storing the hydrocarbon product under pressure. Since the entire storage
cavern is practically invisible, the landscape above remains untouched and free for other
industrial purposes.

By its very nature, underground storage provides high intrinsic resistance to earthquakes.
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The main consumers of energy are the pumps used for filling and emptying the caverns. The
energy consumption for filling and emptying aboveground storage tanks is lower than that for
filling and emptying caverns. On the other hand, under Finnish climate conditions, the energy
consumption for heating certain types of substances in aboveground storage tanks is higher
compared with storage in caverns.

There might be some sediment accumulation at the bottom of the caverns where crude is stored,
but at the Porvoo Refinery, in the 30 years of operating the caverns, there has been no need to
take wastes from the caverns. The only wastes that arise are the spare parts of the pumps which
have to be changed in the case of malfunction and maintenance.

A disadvantage of mined caverns in general is the oily seepage water, which is pumped out and
treated in a waste water treatment plant.

Caverns of the fixed waterbed type need less water (and thus less water treatment) than the
caverns of the fluctuating waterbed type.

B. Relevant equipment and other considerations
[81, Neste Engineering, 1996]

The pipes and instruments of an underground mined cavern are generally installed in a vertical
shaft constructed from the cavern to the surface. Caverns are mostly equipped with complete
instrumentation to control pressure, surface levels and temperature and to check the operation of
the equipment.

In general, the pumps used in caverns are submersible motor pumps suspended (hanging) from
discharge pipes, located in the vertical shaft leading to the cavern. Pumps can also be installed
in a dry pump room located at the bottom level of the cavern and separated from it, see Figure
3.23. Conventional centrifugal pumps are used in this type of design.

Generally the control and operation of cavern storage facilities are carried out in a remote
control room. Due to their remote and partly automatic operation, cavern sites are sometimes
unmanned.

Oil outlet, cavern 1 =
—p Oll inlet ?8 <—Water outlet Oil outlet, cavern 2 = Qil inlet ¢—
;3 et " L
.\. Ground surface
Ground water level
- —
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Dry pump room at the bottom level of caverns

Figure 3.23: Scheme of adry pump room at the bottom level of caverns
[81, Neste Engineering, 1996]
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C. Possible emission sour ces (atmospheric mined caverns)

Table 3.39, Table 3.41 and Table 3.42 show the emission scores for the potential emission
sources for atmospheric mined caverns. The tables show that for a cavern with a fluctuating
waterbed the emissions to air due to filling are very low, because the gas level in the cavern is
kept more or less constant during filling by pumping out water. Also the breathing emission is
lower because, with the help of the water level, the gas volume is kept as small as possible.
However, the pumping out of water may create an emission to water.

Figure 3.2 explains the methodology for calculating the emission score. The sources with an
emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air

Filling 2 3 6
Breathing 2 1 2
Emptying 2 1 2
Cleaning N/A
Blanketing N/A
Manual gauging 2 1 2
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 1 2

Table 3.39: Possible emissionsto air from ‘operational sources with atmospheric mined caverns of
the fixed waterbed type
[87, TETSP, 2001]

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 1 1 1
Breathing 1 1 1
Emptying 2 1 2
Cleaning N/A
Blanketing N/A
Manual gauging 2 1 2
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 1 2

Table 3.40: Possible emissionsto air from ‘operational sources with atmospheric mined caverns of
the fluctuating water bed type
[176, EIPPCB Ineke Jansen, 2004]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 1 2
Cleaning N/A
Sampling 2 0 0

Table 3.41: Possible emissions to water or waste from ‘operational sources with mined caverns
(atmospheric)
[87, TETSP, 2001]
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Apart from operational losses, emissions from mined caverns could also eventually occur from
incidents such as overfill and leakages. These emissions are also addressed in Chapter 4.

3.1.16. Mined caverns (pressurised)

A. Description
[113, TETSP, 2001, 150, Geostock, 2002]

See Section 3.1.15 for the general description of mined cavern storage. Pressurised liquefied gas
may also be stored in mined rock caverns or salt leached caverns (for salt leached caverns see
Section 3.1.17).

The principle of mined rock cavern storage is that the caverns are set at such a depth below
ground level that the static head of the water table is greater than the pressure of the stored
hydrocarbon product. There is, therefore, a pressure gradient towards the inside of the cavern
and leakage of the product to the rock strata is avoided.

The vapour space in pressurised mined caverns contains no air and, as mentioned in
Section 3.1.15, under no circumstances can the hydrocarbon product catch fire underground due
to the absence of oxygen. During filling operations, the pressurised mined caverns are usually
designed and operated in such a way so as to ensure that the vapour condenses into liquid, thus
avoiding any pressure rise in the cavern and potential release to the atmosphere.

Groundwater inflow is collected in a water pit on the cavern floor and then pumped to the
surface. The liquefied gas is discharged by means of submerged pumps.

B. Relevant equipment and other considerations
[150, Geostock, 2002]

The relevant equipment, fittings, etc. for pressurised mined caverns are similar to the ones used
for atmospheric mined caverns (see Section 3.1.15). In this field, major design improvements
have taken place over the last 30 years, particularly with respect to safety issues. For example,
recently constructed pressurised mined caverns are equipped with downhole fail-safe valves
which totally isolate the stored hydrocarbon product from the surface in case of emergency or
gas detection, see Figure 3.24. Such types of safety and environmental measures are also
sometimes retrofitted on existing caverns. Other additional equipment which improve operation
and safety are:

redundant level measurement

automated overfill detection devices
emergency water injection

specific design features for safe maintenance.
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Figure 3.24: LPG underground storage oper ation shaft with instrumentation
[175, TWG, 2003]

C. Possible emission sour ces (pressurised mined caver ns)
Table 3.42 and Table 3.43 show the emission scores for the potential emission sources for
pressurised caverns. Section 3.1, Figure 3.2 explains the methodology for calculating the

emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value and should only be considered for each
storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying 2 1 2
Cleaning N/A
Blanketing N/A
Manual gauging N/A
Sampling N/A
Fugitive 2 1 2
Draining N/A

Table 3.42: Possible emissionsto air from ‘operational sources with mined caverns (pressurised)
[87, TETSP, 2001, 150, Geostock, 2002]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining N/A
Cleaning N/A
Sampling N/A

Table 3.43: Possible emissions to water or waste from ‘operational sources with mined caverns
(pressurised)
[87, TETSP, 2001]
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Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. Only the latter ones are addressed in Chapter 4.

3.1.17. Salt leached caverns

A. Description
[113, TETSP, 2001, 150, Geostock, 2002]

See Section 3.1.15 for the general description of mined cavern storage and Section 3.1.16 for
pressurised mined caverns. Liquid hydrocarbons and liquefied pressurised gases may also be
stored in caverns leached from salt deposits.

Salt leached caverns are created by drilling a well into the salt formation, circulating fresh or
low salinity water in the well, and withdrawing the brine from the cavern. The salt in the
formation dissolves, thus enlarging the well bore until the target volume is reached.

In salt leached caverns the liquids and liquefied gases are stored above a brine solution. On
filling, the hydrocarbon product is pumped into the upper part of the cavern and displaces the
brine. After passing through a decanting or degassing process the brine is stored in a lined pond
or lagoon (see Section 3.1.14). The hydrocarbon product is stored under pressure at depth due to
the static weight of the brine and of the hydrocarbon itself. The hydrocarbon product is
generally discharged by brine displacement. However, for shallow salt caverns, this can be by
means of submerged pumps.

Salt is intrinsically impermeable and physically and chemically inert with respect to
hydrocarbons. In addition, cracks and faults in the salt are healed by the viscoplastic behaviour
of the salt under the geostatic pressure. This ensures that there are no emissions to soil.

Typical salt leached cavern depths vary from approximately 300 m to 1200 m. Cavern sizes
vary according to the site location, but for example at the Geosel site in France, typical cavern
volumes range from 90000 to 450000 m® for a total capacity of approximately 6 million m® (26
storage caverns for crude oil, diesel oil, gasoline, naphtha, etc.).

The ponds or lagoons used to store the brine required to export the hydrocarbon product are, in
general, designed so as to blend into the landscape.
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Figure 3.25: Example of a salt leached cavern in operation
[175, TWG, 2003]

B. Relevant equipment and other consider ations
[150, Geostock, 2002]

The salt leached caverns are connected to the surface via concentric tubing strings (similar to
those used for oil and gas production wells) for moving the hydrocarbon product in and out of
the cavern. At the surface level the well-head, equipped with valves, occupies a very limited
space, and all associated piping is buried underground.

The pumping facilities, metering equipment and related support facilities such as control
buildings and fire protection systems are centralised into a single area thus ensuring minimal
land occupation and environmental impact.

C. Possible emission sour ces (salt leached caverns)
Table 3.44 and Table 3.45 show the emission scores for the potential emission sources for salt

domes. Figure 3.2 explains the methodology for calculating the emission score. The sources
with an emission score of 3 or more are addressed in Chapter 4.
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It should be noted that the scores have a relative value and should only be considered for each
storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 1 2
Breathing N/A
Emptying 2 1 2
Cleaning N/A
Blanketing N/A
Manual gauging N/A
Sampling N/A
Fugitive 2 1 2
Draining N/A

Table 3.44: Possible emissionsto air from ‘operational sources with salt leached caverns
[150, Geostock, 2002]

Potential source of liquid Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining N/A
Cleaning N/A
Sampling N/A

Table 3.45: Possible emissions to water or waste from ‘operational sources with salt leached
caverns
[150, Geostock, 2002]

Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. Only the latter ones are addressed in Chapter 4.

3.1.18. Floating storage

A. Description
[113, TETSP, 2001]

Ships are sometimes used to provide additional, temporary storage capacity at a marine
terminal. Note that this storage mode does not include the tanks of ships that are loading or
discharging at a terminal.

The supply and discharge pipework of the floating storage facility are permanently connected to
the on-shore product transfer systems. The connecting pipework must be provided with flexible
sections to take account of wave or tidal motion. Careful consideration should be given to
containing any spill or leakage of liquid into the surrounding water. As the ships are ex-trading
vessels they will have been built to the International Maritime Organization regulations in place
at the time that the keel of the ship was laid down. The vessels will need to maintain compliance
with these regulations if they travel to shipyards for inspection, hull maintenance, etc.
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B. Relevant equipment and other consider ations

Section
3.1.12.7 Equipment for tanks Vents 3.1.12.7.1
Gauging and sample hatches | 3.1.12.7.2
Still wells and guide poles 3.1.12.7.3
Instrumentation 3.1.12.7.4
Access hatches 3.1.12.7.5
Drains 3.1.12.7.6
Mixers 3.1.12.7.7
Heating systems 3.1.12.7.8
Sealing elements 3.1.12.7.9

Valves 3.2.2.6

3.1.12 Considerations related to tanks

Table 3.46: Crossreferencesfor floating storage

C. Possible emission sour ces (floating storage)

Table 3.47 and Table 3.48 show the emission scores for the potential emission sources for
floating storage. Figure 3.2 explains the methodology for calculating the emission score. The
sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each storage mode in isolation.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 3 6
Breathing 3 2 6
Emptying 2 1 2
Cleaning | 2 2
Blanketing 3 2 6
Manual gauging 2 1 2
Sampling 2 1 2
Fugitive 3 1 3
Draining 2 1 2

Table 3.47: Possible emissionsto air from ‘operational sources with floating storage
[113, TETSP, 2001]

Potential source of liquid | Emission frequency | Emission volume | Emission score
emissionsto water or waste

Draining 2 0 0
Cleaning 1 3 3
Sampling 2 0 0

Table 3.48: Possible emissionsto water or waste from ‘operational sources with floating storage
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents such as overfill
and leakages. These emissions are also addressed in Chapter 4.
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3.2. Transfer and handling of liquids and liquefied gases

Transfer systems refer to the pipework, including all the valves and fittings, connected to the
storage tank and the flexible hose or a loading arm for connection to road tankers, rail tankers
and ships. Handling techniques refer to the means of moving the product (e.g. pumps) through
the pipework into and out of the storage tanks.

The following transfer modes, handling techniques and related issues are considered:

Transfer modes Section number
Aboveground closed piping transfer 3.2.1.1
Aboveground open piping transfer 32.1.2
Underground closed piping transfer 3.2.13
Loading and unloading of transporters 32.14

Handling techniques Section number
Gravity flow 32.2.1
Pumps 3222
Compressors 3223
Inert gases 3224
Flanges and gaskets 3225
Valves and fittings 3.2.2.6

Considerationsrelated to transfer and handling 323

Equipment and fittings 324

Transfer and handling of packaged goods 3.2.5

Table 3.49: Cross-references of transfer and handling modesfor liquids and liquefied gases

The flow chart in Figure 3.26 identifies the possible gaseous and liquid emissions and residues,
resulting from the transfer and handling of liquid materials and liquefied gases. The base case
for any of the transfer and handling modes described assumes that there are no emission control
measures installed. For each transfer category, the relevant operational activities and possible
events/incidents which can result in an emission, are listed. This forms the basis for describing
the possible emissions by transfer and handling activities.
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| All values >= 3 are considered

Frequency:
3 0 3 6 3 =frequent (at least daily)
Frequency 1 =infrequent (once per few years)
of emission 2 0 2 4 6 Volume:_
3 = (relatively) large
1 =little
1 0 1 2 3 0 = zero/negligible
1 2 3 Please note that the provided scores have a

relative value only and are to be considered

by mode only. In other words: a score of 3

for a transfer and handling system

potential emission source cannot be compared
with a score of 3 for a source from a different
transfer and handling mode.

Volume of emission

Figure 3.27: Risk matrix for emissionsfrom handling and transfer of liquid and liquefied gases

Remarks:

1. The classification term N/A (Not Applicable) indicates that a particular emission source will not be
considered (not applicable or not relevant etc.) due to the specific nature of the transfer or handling
technique described.

2. A clear distinction will be made between emissions from ‘operational sources and emission from
‘incidents’.

3. The emission scores are calculated by multiplying the emission frequency by the emission volume.
This methodology is commonly applied in risk assessment approaches such as the one used for risk
based inspection (aswill be further explained in the BREF). All scores above 3 are considered: e.g. all
‘high’ frequencies (score = 3), ‘large’ volumes (score = 3) and the ‘medium/medium’
frequency/volume emission sour ces (wher e frequency and volume both score 2).

The possible emission sources from transfer and handling operations for liquids and liquefied
gases are selected for further analyses, using a risk matrix approach as described in Figure 3.27.

3.2.1. Product transfer

3.2.1.1. Aboveground closed piping transfer systems
[113, TETSP, 2001]

A. Description

Aboveground closed piping systems are normally designed to transport liquids, refrigerated
gases (liquefied), pressurised gases (as liquids) or vapours. The design varies with the intended
service and products to be transported. Aboveground piping systems are the most common form
of handling system within storage facilities.

Normally transport-piping systems for storage applications are designed for low to moderate
operating pressures, unless specific circumstances dictate otherwise.

The design, construction, operation and maintenance of pipelines usually comply with statutory
and internationally accepted standards and guidelines (e.g. ASME, API, DIN, NEN, etc).

Piping systems usually consist of pipelines, valves (ball, gate, needle, butterfly, etc.) and fittings
(e.g. instrumentation connections) and pump stations. Emissions generally only occur as a result

of leakage through seals and/or cleaning/purging operations.

B. Relevant transfer equipment: See Section 3.2.4.
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C. Possible emission sour ces (aboveground closed piping transfer system)

Tabelle 3.50 and Tabelle 3.51 show the emission scores for the potential emission sources for an
aboveground closed piping technique. Figure 3.27 explains the methodology for calculating the
emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for transfer modes.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 2 4
Cleaning 1 2 2
Pigging 2 1 2
Purging | 2 2
Sampling 2 1 2
(Dis)connecting 2 1 2
Opening | 2 2
Fugitive 3 1 3
Emptying/draining 2 1 2

Tabelle 3.50: Possible emissions to air from ‘operational sources with aboveground closed piping
transfer systems
[113, TET SP, 2001]

Potential sourceof | Emission frequency | Emission volume | Emission score
liquid emissions
Draining 2 1 2
Cleaning 1 2 2
Sampling 2 1 2
Pigging 2 1 2
(Dis)connecting 2 1 2
Pressure relief 2 1 2
Opening 2 1 2

Tabelle 3.51: Possible liquid emissions to soil/groundwater from ‘operational sources with
aboveground closed piping transfer systems
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents such as overfill and leakages. These emissions are also addressed in Chapter 4.

3.2.1.2. Aboveground open piping transfer systems

A. Description
[113, TETSP, 2001]

Aboveground open piping transfer systems are (atmospheric) systems either designed to collect
(rain) water or spillage, to protect these from polluting the subsoil or surface water. Open
systems are only suitable for non-hazardous low volatility products. They are used, for example,
to collect contaminated water run-off from bunded facilities. Some common examples are:

e gutters
e open drains
e drip pans around pumps.
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The systems usually allow gravity drainage to a central collection pit, from where the liquids are
pumped into a buried or aboveground piping system or into a mobile vessel.

B. Relevant transfer equipment: Not relevant.

C. Possible emission sour ces (open piping)

Tabelle 3.52 and Tabelle 3.53 show the emission scores for the potential emission sources for an
aboveground open piping technique. Figure 3.27 explains the methodology for calculating the

emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for transfer modes.

Potential source of | Emission frequency | Emission volume | Emission score
emissionsto air

Filling 2 3 6
Cleaning 2 2 4
Pigging N/A
Purging N/A
Sampling N/A
(Dis)connecting N/A
Opening N/A
Fugitive N/A
Emptying/draining N/A

Tabelle 3.52: Possible emissions to air from ‘operational sources with aboveground open piping
transfer systems
[113, TETSP, 2001]

Potential sourceof | Emission frequency | Emission volume | Emission score
liquid emissions

Draining 2 1 2
Cleaning 2 2 4
Sampling 2 1 2
Pigging N/A
(Dis)connecting N/A
Pressure relief N/A
Opening N/A

Tabelle 3.53; Possible liquid emissions to soil/groundwater from ‘operational sources with
aboveground open piping transfer systems
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents such as leakages.
These emissions are also addressed in Chapter 4.
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3.2.1.3. Underground piping transfer systems

A. Description
[113, TETSP, 2001, 156, ECSA, 2000]

Underground piping systems are normally designed to transport liquids, refrigerated gases
(liquefied), pressurised gases (as liquids) or vapours underground (road crossings or long
sections through dedicated piping channels). The design varies with the intended service and
products to be transported, for example, underground piping systems are rarely used for
transporting chlorinated solvents and if used, they are constructed as a jacketed pipe system
with a leakage alarm system for the outer space.

Normally transport-piping systems for storage applications are designed for low to moderate
operating pressures unless specific circumstances dictate otherwise. The design, construction,
operation and maintenance of pipelines comply with statutory and internationally accepted
standards and guidelines (e.g. ASME, API, DIN, NEN etc).

Piping systems usually consist of fully welded pipeline, with limited valves and fittings (e.g.
instrumentation connections). Pump stations are normally installed aboveground. Emissions can
occur as a result of leakage through seals and/or cleaning/purging operations.

Buried pipelines can be affected by external corrosion due to salty landfill and the formation of
corrosion cells in the surrounding ground or from stray electrical currents.

B. Relevant transfer equipment: See Section 3.2.4.

C. Possible emission sour ces (under ground piping)

Tabelle 3.54 and Tabelle 3.55 show the emission scores for the potential emission sources for an
underground closed piping technique. Figure 3.27 explains the methodology for calculating the
emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for transfer modes.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 2 4
Cleaning 1 2 2
Pigging 2 1 2
Purging 1 2 2
Sampling 2 1 2
(Dis)connecting 2 1 2
Opening 1 2 2
Fugitive 3 1 3
Emptying/draining 2 1 2

Tabelle 3.54: Possible emissions to air from ‘operational sources with underground closed piping
transfer systems
[113, TETSP, 2001]
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Tabelle 3.55: Possible liquid emissions to soil/groundwater from ‘operational sources with
underground piping transfer systems
[113, TETSP, 2001]

Apart from operational losses, infrequent emissions also occur from incidents such as leakages.
These emissions are also addressed in Chapter 4.

3.2.1.4. Loading and unloading of transporters

A. Description
[156, ECSA, 2000] [157, VDI, 2001] [184, TETSP, 2004]

Road tankers, rail tankers and ships are connected to the loading/unloading point by a flexible
hose or a loading arm. Rigid pipelines cannot be used.

Flexible hoses are normally reinforced by steel spirals or meshed steel. Both the material of the
hose and the type of hose construction must be suitable for the product being handled.

Product loading arms are fitted with swivel joints to allow the connection to move with the
transport unit. The swivel joint is fitted with a seal to prevent leakage. The material of the
loading arm, and particularly of the seal, must be suitable for the product being handled.

Where it is necessary to collect vapours from the transport unit during liquid loading, the
vapours displaced must be collected through pipework either fitted on the transporter or through
modified loading arms. The method of collection depends upon whether they are top loaded
through an open hatch or loaded through fixed pipework upon the tanker. During top loading,
vapours can be collected by the use of special loading arms which seal against the loading hatch
and incorporate vapour collection pipework. Otherwise, the tankers require vapour vent valves
to be installed in each product tank (or ‘compartment’) which is connected by vapour collection
pipework on the tanker to a vapour connector, located at working height on road and rail
tankers. This vapour connector can be connected to a flexible hose or arm at the loading facility
similar to that used for loading product.

Some ships, particularly chemical tankers, are fitted with vapour collection pipework systems
which have connection points to permit coupling to shore-side facilities where this is
appropriate to the characteristics of the product(s) being handled. However, most general
purpose petroleum product carriers operating in EU waters do not have vapour collection
systems (AEAT report, Rudd and Hill, ‘Measures to Reduce Emissions of VOCs during
Loading and Unloading of Ships in the EU” August 2001).

See Figure 3.28 for an example of a bulk unloading system.
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Figure 3.28: Example of bulk unloading and storage system for chlorinated solvents

[156, ECSA, 2000]
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B. Relevant transfer equipment: Not relevant.

C. Possible emission sour ces (flexible hose or loading arm)

Tabelle 3.56 and Tabelle 3.57 show the emission scores for the potential emission sources for
unloading hoses and pipelines. Figure 3.27 explains the methodology for calculating the

emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for transfer modes.

Potential sourceof | Emission frequency | Emission volume | Emission score
emissionsto air
Filling 2 2 4
Cleaning 1 2 2
Pigging 2 1 2
Purging 1 2 2
Sampling 2 1 2
(Dis)connecting 3 2 6
Opening 1 2 2
Fugitive 3 1 3
Emptying/draining 2 1 2

Tabelle 3.56: Possible emissions to air from ‘operational sources with flexible hoses or loading
arms
Source: EIPPCB

Potential sourceof | Emission frequency | Emission volume | Emission score
liquid emissions
Draining 2 1 2
Cleaning 1 2 2
Sampling 2 1 2
Pigging 2 1 2
(Dis)connecting 3 1 3
Pressure relief 2 1 2
Opening 2 1 2

Tabelle 3.57: Possible liquid emissions to soil/groundwater from ‘operational sources with flexible
hoses or loading arms
Source: EIPPCB

Apart from operational losses, infrequent emissions also occur from incidents such as leakages.
These emissions are also addressed in Chapter 4.

3.2.2. Product handling
[113, TETSP, 2001]

Several product handling or displacement methods are available which can be distinguished by
their use of:

gravity
pumps
COMpressors
inert gas.

They are addressed in Section 3.2.2.1 through to Section 3.2.2.4.
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Other types of equipment applied in product handling are:

flanges and gaskets

valves and fittings

sealing elements

vents, drains and sample points
instrumentation

pressure relief devices.

These are addressed in Sections 3.2.2.5 and 3.2.2.6 and also in Section 3.2.4.

The economics, design and construction, and commissioning and decommissioning aspects are
addressed in Section 3.2.3.

3.2.2.1. Gravity flow

A. Description

Gravity flow is only applicable under atmospheric conditions or between pressurised vessels
with either common vapour space, or when operating at the saturated vapour pressure of the
stored liquid.

B. Relevant handling equipment: See Section 3.2.4.

C. Possible emission sour ces (displacement methods)

Tabelle 3.58 and Tabelle 3.59 show the emission scores for the potential emission sources for
product handling in general. Figure 3.27 explains the methodology for calculating the emission

score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for product handling techniques.

Potential source | Emission frequency | Emission volume | Emission score

of emissionsto air

Filling 2 0 0
Cleaning 1 0 0
Pigging N/A
Purging N/A
Sampling N/A
(Dis)connecting N/A
Opening 1 1 1
Fugitive 3 1 3
Emptying/draining 2 0 0

Tabelle 3.58: Possible emissionsto air from ‘operational sources with product handling
[113, TETSP, 2001]
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Potential sourceof | Emission frequency | Emission volume | Emission score
liquid emissions
Draining 2 1 2
Cleaning 1 1 1
Sampling N/A
Pigging N/A
(Dis)connecting N/A
Pressure relief N/A
Opening 1 1 1

Tabelle 3.59: Possible liquid emissions to soil/groundwater from ‘operational sources with product
handling
[113, TETSP, 2001]

Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are not addressed in Chapter 4, because no information has been
made available.

3.2.2.2. Pumps

A. Description
[157, VDI, 2001] [156, ECSA, 2000]

Pumps are used to displace all types of products under atmospheric, pressurised or refrigerated
conditions. Two types of pumps are generally used: positive displacement pumps or centrifugal
pumps.

Positive displacement pumps comprise reciprocating pumps (piston or diaphragm types) or
rotary gear pumps. These are often used as dosing pumps to provide small accurate flowrates.

Pumps normally require seals: see Section 3.2.4.1. Some centrifugal pumps and rotating
displacement pumps that do not need a shaft seal are:

e centrifugal pump with magnetic transmission
e canned centrifugal

e diaphragm

e peristaltic.

For handling oil products, centrifugal pumps are commonly applied, although in special
situations displacement pumps may be used. Centrifugal pumps with magnetic transmission are
commonly applied for handling chlorinated solvents.

B. Relevant handling equipment: See Section 3.2.4.

C. Possible emission sour ces (product handling)

Tabelle 3.58 and Tabelle 3.59 show the emission scores for the potential emission sources for
product handling in general. Figure 3.27 explains the methodology for calculating the emission

score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value and should only be considered for
product handling techniques.
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Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are also addressed in Chapter 4.
3.2.2.3. Compressors

A. Description
[156, ECSA, 2000]

Compressors have many similar features to pumps and are used to displace gases or refrigerated
products. Two types of rotodynamic compressor will be discussed in this section. The first
grouping is lower velocity, positive displacement designs, operating typically at 50/60 cycle
synchronous speeds. They are used with many different types of gases but are commonly used
in smaller refrigeration cycle services. The same technology is applied on some process gases.
The shaft bearing assemblies are at either end of the shaft and mounted inboard of the seal
assembly. Equipment leakage losses occur mainly where the rotating shaft penetrates the casing.

The second grouping typically operates at much higher velocities to achieve their performance
efficiencies and are the centrifugal process compressors. These are commonly applied on VOC
gases. The shaft bearing assemblies are at either end of the shaft and mounted outboard of the

seal assembly. Equipment leakage losses occur mainly where the rotating shaft penetrates the
casing at its drive and non-drive ends.

B. Relevant handling equipment: See Section 3.2.4; the sealing technologies employed are
discussed in Section 3.2.4.1.

C. Possible emission sour ces (product handling)

Tabelle 3.58 and Tabelle 3.59 show the emission scores for the potential emission sources for
product handling in general. Figure 3.27 explains the methodology for calculating the emission

score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for each product handling technique in isolation.

Apart from operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are also addressed in Chapter 4.

3.2.2.4. Inert gases

A. Description

Inert gases may be used to displace a product, either because of quality or safety issues. This
system is generally only used for small product volumes.

B. Relevant handling equipment: Not relevant.

C. Possible emission sour ces (product handling)

Tabelle 3.58 and Tabelle 3.59 show the emission scores for the potential emission sources for
product handling in general. Figure 3.27 explains the methodology for calculating the emission

score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for product handling.
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Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are also addressed in Chapter 4.
3.2.2.5. Flanges and gaskets

A. Description
[156, ECSA, 2000]

A gasket is used to create and retain a static seal between two stationary flanges, which may
connect a series of mechanical assemblies in an operating plant, including the storage area.
These static seals aim to provide a complete physical barrier against the fluid contained within,
and so block any potential leakage path. To achieve this, the gasket must be able to flow into
(and fill) any irregularities in the mating surfaces being sealed, while at the same time be
sufficiently resilient to resist extrusion and creep under operating conditions.

The seal is affected by the action of force upon the gasket surface, which compresses the gasket,
causing it to flow into any flange imperfections. The combination of contact pressure between
the gasket and flanges, and densification of the gasket material, prevents the escape of the
contained fluid from the assembly. As such, gaskets are vital to the satisfactory operation of a
broad range of industrial equipment and must be regarded as an integral design element of the
whole plant.

Historically, compressed asbestos fibre sheet material (CAF) has been the material of choice for
‘soft” gasket materials. It was regarded as easy to use and very tolerant of abuse, for which it
was recognised as very ‘forgiving’. Consequently, the material was used to seal almost all
common applications, and usually gave a satisfactory performance. A broad experience of the
material was established over many years amongst manufacturers and users alike.

More recently, with the ban on the use of asbestos fibres, a new generation of asbestos-free
substitutes has been developed by the sealing industry. These provide improved levels of
sealing performance, although they are usually more application specific than the earlier
asbestos materials. Equally, handling of these new materials requires more care in general.
Overall, these new materials can outperform their asbestos predecessors, but are usually less
forgiving; users must exercise more care in selecting the right material for the job and
assembling the seal.

Over time, alternative gasket styles have been developed, especially for more severe services,
and these include the ‘hard’ gasket types, primarily of metallic or semi-metallic construction.

Individual flanges generally do not have very large leaking losses but, since many flanges are
utilised in transfer and handling, they can make a major contribution to the overall leaking
losses.

B. Relevant handling equipment: Not relevant.

C. Possible emission sour ces (product handling)

Tabelle 3.58 and Tabelle 3.59 show the emission scores for the potential emission sources for
product handling in general. Figure 3.27 explains the methodology for calculating the emission

score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for product handling.

Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are also addressed in Chapter 4.
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3.2.2.6. Valves and fittings

A. Description
[149, ESA, 2004] [18, UBA, 1999]

Leaking losses are generally higher from dynamic equipment (compared to static equipment)
and from older equipment. Valves are considered to account for approximately 50 — 60 % of
fugitive emissions in the chemical and petrochemical industries. Furthermore, the major
proportion of fugitive emissions comes from only a small fraction of sources (e.g. less than
1 % of valves in gas/vapour service can account for more than 70 % of the fugitive emissions in
a refinery).

Some valves are more likely to leak than others, e.g. valves with rising stems (gate valves, globe
valves) are likely to leak more frequently than quarter-turn type valves such as ball and plug
valves. Valves which are operated frequently, such as control valves, may wear quickly and
allow emission paths to develop. However, newer, low-leak control valves provide good
fugitive emissions control performance.

Types of valves are:

control valves
needle valves
globe valves
gate valves
plug valves
ball valves
butterfly valves
relief valves
check valves.

Commonly used valves within a piping system are ball, gate or butterfly valves. Other types
(e.g. control valves, needle valves) may be used in specific circumstances. Valves can be bolted
or, for smaller sizes, threaded or welded in the piping system.

Except for cast iron and plastic valves, each valve meets the minimum requirements of API 6D
or equivalent. A valve should not be used under operating conditions that exceed the applicable
pressure-temperature ratings contained in those requirements and it should have a maximum
service pressure rating for temperatures that equal or exceed the maximum service temperature
to avoid malfunction.

All except the relief valve and check valve are activated through a valve stem. This stem
requires a seal to isolate the product inside the valve from the atmosphere. Since a check valve
has no stem, this is not considered a source of fugitive emissions.

Because they open and close frequently, control valves are more prone to leakage than shut-off
valves. Using rotating control valves instead of rising stem control valves can help reduce
fugitive emissions. However, it is not always possible to interchange these two types of valves.
At the design stage, the use of variable speed pumps may offer an alternative to control valves.

Leaks from valve stems can be caused by the use of poor quality packing material, inaccurate
machining of the stem or packing housing, improper assembly of the valve, ageing of the
packing, inadequate compression of the packing, corrosion, abrasion of the packing by dirt, etc.
Bellows valves have no stem emissions as this type of seal incorporates a metal bellow that
forms a barrier between the valve disc and the valve body.
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High quality packed valves are available that have very low fugitive emissions. To achieve low
emissions, these valves use improved packing systems, are built according to stringent
tolerances, and are carefully assembled.

It is common practice that valves (fittings) are easily accessible and operated and that they are,
with respect to raw materials, production, dimension, monitoring and proof of quality,
appropriate for the technical purpose. The casing of valves consists of tough raw materials.
Valves sited underneath the level of the liquids can, in special cases, be designed ‘fire-safe’ to
delay failure in the event of a fire.

B. Relevant transfer and handling equipment: Not relevant.
C. Possible emission sour ces (product handling)

Tabelle 3.58 and Tabelle 3.59 show the emission scores for the potential emission sources for
product handling in general. Figure 3.27 explains the methodology for calculating the emission
score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for product handling.

Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are also addressed in Chapter 4.

3.2.3. Considerations related to transfer and handling systems

3.2.3.1. Economics
[113, TETSP, 2001]

The costs of designing, constructing and operating transfer and handling techniques will very
much depend on the type of system (e.g. closed or open, aboveground or underground), its size,
the design features (e.g. soil foundation, external coatings, type of safety and environmental
protection measures, etc.), the requirements set by the product to be transferred or handled (e.g.
stainless steel versus mild steel, type of seals, etc.) the operating conditions, the required
inspection and maintenance activities and, linked to the latter, the envisaged technical lifetime.

It is recommended, therefore, to focus on the total cost of ownership (TCO) of a transfer or
handling system by considering the elements shown in Section 3.1.12.1.

3.2.3.2. Design and construction

It goes beyond the scope of this document to provide here a comprehensive summary of the
design and construction requirements, but nevertheless some important aspects and
considerations are described below.

Benefits of a proper design

Most technical measures, allowing for the elimination or reduction of the consequences of
abnormal conditions, are taken at the design stage when the risks resulting from a loss of
containment are assessed and technical safety measures defined accordingly. In essence the best
of the industrial knowledge about the substance to be transferred and handled is used at this
phase to select suitable technical options based on a risk analysis or a cost to benefit analysis.
Defining and implementing the safety measures at the design phase is undoubtedly the best and
cheapest option. The efficiency of the safety measures also has to be maintained over time and
this can only be ensured if regular checks are made of the safety devices. A suitable
management system is required to deal with the latter.
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It is common practise that the designer first considers the level of appropriate operational
measures that need to be taken by the operators. The efficiency of these measures needs to be
maintained over time. To ensure this, a management system can be implemented that, for
example, addresses the regular training of the operators, the updating of the operating
instructions, etc. Environmental inspection can be considered at this phase. It also plays a major
role in determining the emission sources, in ensuring that over time the releases remain within
the permitted limits and in informing the operator when the performance is no longer
acceptable.

Mechanical inspection plays a key role in the prevention of incidents. The definition of an
inspection plan starts at the design phase with the selection of the components of the installation
based on experience: experience of the substance, experience of the component, experience of
the component with the substance, experience of storage activities. These have to be carefully
checked.

Codes, standards and guidelines
Reference is made to international codes/standards/guidelines. Some typical examples are:

Piping, valves and fittings

e ANSI/API 574 1-JUN-1998: inspection practices for piping system components

e ASTM volume 01.01 2000: ASTM book of standards volume 01.01: iron and steel
products: steel - piping, tubing, fittings

e ASTM A961-99 10-MAR-1999: standard specification for common requirements for steel

flanges, forged fittings, valves, and parts for piping applications

ASME B31.5-1992 01-JAN-92: refrigeration piping

ASME B31.8-1995 01-DEC-95: gas transmission distribution and piping systems

ASME B31.3-1999 01-JAN-99: process piping

NACE RP0190-95 1-MAR-1990: standard recommended practice - external protective

coatings for joints, fittings, and valves on metallic underground or submerged pipelines and

piping systems

e NFPA 54: national fuel gas code, 1999 edition

e DIN EN 1092-1 1-NOV-1994: flanges and their joints - part 1: circular flanges for pipes,
valves, fittings and accessories — German only

e [ISO 12092 1-OCT-2000: fittings, valves and other piping system components made of
unplasticised poly(vinyl chloride) (PVC-U), chlorinated poly(vinyl chloride) (PVC-C),
acrylonitrile-butadiene-styrene (ABS) and acrylonitrile-styrene-acrylester (ASA) for pipes
under pressure — resistance to internal pressure

e BS EN 558-1 1996: industrial valves - face-to-face and centre-to-face dimensions of metal
valves for use in flanged pipe systems - part 1: PN-designated valves

e EEMUA 153/96: EEMUA supplement to ASME B31.3: date 1996 edition, process piping
(& amendments N° 1, May 97 and N° 2, Mar 98)

e EEMUA 196: valve purchasers' guide to the European pressure equipment Directive - date
1999

e NEN 1091: 1994 NL: safety requirements for steel gas transport pipelines operating at
design pressures greater than 1 bar and not exceeding 16 bar

e NEN 3650: 1998 EN: requirements for steel pipeline transportation systems NEN-EN
10208-1: 1997 EN: steel pipes for pipelines for combustible fluids - technical delivery
conditions - part 1: pipes of requirement class A

e NEN-EN 10208-2: 1996/C1: 1997 EN: steel pipes for pipe lines for combustible fluids -
technical delivery conditions - part 2: pipes of requirements class B.
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Pumps

e ASME PTC8.2-1990: centrifugal pumps

e BS EN 25199 1992: technical specification for centrifugal pumps, class 11

e EEMUA 164: seal-less centrifugal pumps, class 1; date 1993

e NEN-EN-ISO 5199: 1999 ONTW.: technical specifications for centrifugal pumps, class II

e API 676 amendment 1 15-JUN-1999: positive displacement pumps — rotary

e HI S112 1994: rotary pump test - ANSI/HI 3.6

e NFPA 20 1999: standard for the installation of stationary fire pumps for fire protection,

1999.

3.2.3.3. Commissioning and decommissioning
[113, TETSP, 2001]

The sections below generally apply to closed piping systems. Open piping systems are normally
not tested for leakages, but part of these systems (e.g. the pumps and the interface with a closed
piping system) are normally tested for functional requirements and leakages.

Pre-commissioning

It is essential that pipelines are pressure-tested after construction work to prove the mechanical
integrity of welded joints and to assure leak tightness prior to commissioning. The test is a
hydrostatic leak test in accordance with the chosen design code. Sometimes, for example when a
hydrostatic leak test would damage the internal lining or insulation or could contaminate a
process, a pneumatic test is carried out in accordance with a recognised design code.

Cleaning

Before a pipeline can be considered ready for service, it should be cleaned internally. Cleaning
may be performed by water washing or by passing pigs through completed sections of the
pipeline. This may form part of the testing procedure. Drying of the pipeline may be appropriate
depending on the product being carried after commissioning.

Commissioning

Commissioning refers to the work required to bring a pipeline system into operation after
completion of its construction. Normally a commissioning procedure document is prepared
which systematically sets out the commissioning operations.

Where a pipeline has undergone a complete hydrostatic test with many fittings removed, or
where radiographed joints have been made, but not yet proof tested, an in-service leak test of all
connections and fittings is applied using a soap test to search for leaks.

3.2.4. Equipment and fittings
[113, TETSP, 2001, 152, TETSP, 2002]

The main potential emission source in transfer and handling systems is ‘fugitives’. Fugitive
emissions are defined here as vapour leaking from seals and packings and from flanges and
connections that should normally be tight. These emissions depend on the pressure within the
system. With the exception of pressurised storage, the pressure within transfer and handling
systems is relatively low compared to pipework within a process plant. Thus fugitive emissions
within handling and transfer systems for atmospheric storage tanks are significantly lower than
process plant equipment leaks.

It is important that each component of a pipeline should be able to withstand design pressures
and other anticipated loadings to avoid incidents and/or accidents.
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3.24.1. Sealing elements
[149, ESA, 2004], [157, VDI, 2001]

Sealsfor pumps

The products transferred can leak at the point of contact between the moving pump shaft and the
stationary casing. To isolate the interior of the pump from the atmosphere all pumps, except the
seal-less types require a seal at the point where the shaft penetrates the housing. The sealing
technologies employed are:

gland packing

gland packing with a barrier flush

single mechanical seals

single mechanical seals with a mechanical containment seal and leakage collection (dual
unpressurised seals)

double seals with a separate barrier fluid (dual pressurised seals)

e seal-less drive systems.

The most commonly used seals are packed and mechanical seals. With packed seals lubrication
is required to prevent build-up of frictional heat. If the liquid being pumped provides this
lubrication, then emissions can occur if the packing or shaft face degrades. Mechanical seals can
be of the single or double type — these also require lubrication, but much less than for packed
seals.

Double mechanical seals can be arranged back-to-back, in tandem, or face-to-face. The two
seals form a closed cavity through which a barrier fluid is circulated. Because this fluid
surrounds the dual seal and lubricates both sets of seal faces, the seal life characteristics of the
dual seal are much better than a single seal. Depending on the seal arrangement, the barrier fluid
may be at a higher or lower pressure than the product. If it is higher, then leakage of the barrier
fluid may occur into the product being pumped, which means that the barrier fluid must be
compatible with both it and the environment. If it is at a lower pressure than the product, then
the product may mix with the barrier fluid, which means that any emissions from the barrier
fluid reservoir may need control, e.g. treatment of the gas in a vapour treatment system.

See Table 3.60 for the average emissions from seals in pumps in normal operation when
handling mineral oils.

Seal system Average emissionsto air Remarks
during normal operation
Improved single mechanical | Average: 1g/h per seal (1) Diameter shaft = 50 mm
seal Range: 0.42 — 1.67 g/h (2) p =10 bar
n = 3000 min’'

Dual unpressurised seals Close to zero (1)
and leakage collection Below 0.01 g/h and 10 ppm (2)
Dual pressurised seals No emissions (technically closed) (1)

Not measurable (2)

<0.5 g/day (2) Nitrogen barrier
Seal-less pumps No emissions (technically closed) (1, 2)
Note: (1): [157, VDI, 2001] (2): [149, ESA, 2004]

Table 3.60: Average emissions from sealsin process pumps when handling mineral oils
[157, VDI, 2001] [149, ESA, 2004]
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Seals for compressors
Sealing technologies employed in low velocity compressors are:

e single mechanical seals

e single mechanical seals with an energised containment seal

e single mechanical seals with a mechanical containment seal and leakage collection (dual
unpressurised seals)

e double seals with a separate barrier fluid (dual pressurised seals).

Lower speed, positive displacement compressors are typically sealed by a barrier oil-lubricated
mechanical seal and emissive leakage is low; containment sealing arrangements are used in
many services and the oil is separated and recycled.

Centrifugal process compressors typically operate at much higher velocities. Sealing
technologies employed are:

e labyrinth seals

e single mechanical seals

e single mechanical seals with a mechanical containment seal and leakage collection (dual
unpressurised seals)

e tandem mechanical seals with a mechanical containment seal and leakage collection (triple
seals)

e double seals with a separate barrier fluid (dual pressurised seals).

Centrifugal compressors are traditionally sealed by labyrinth seals (fixed or floating carbon
bushings) or oil-lubricated mechanical seals for positive displacement compressors. Labyrinth
seals have high leakage and are commonly exchanged for mechanical seal assemblies, such as
gas-lubricated single seals with an outer containment seal. This has enabled improved reliability
and the management of primary seal emissive leakage to a flare or recovery system.

Various externally supplied gas purges are used with both types of machinery. Regular control
and maintenance is indispensable to reduce emissions.

3.2.4.2. Vents, drains and sample points
[113, TETSP, 2001]

Generally all lines are provided with vents on all high points and drains on all low points. Vents
and drains that are required to be opened while the line is operating (e.g. sampling connections)
normally are valved and shown on the piping and instrument diagram. Vents and drains on high
pressures (> 40 bar), or liquefied petroleum gases are normally equipped with a double block
and bleed valves. The bleed discharge can go to a high vent or to a safe disposal arrangement.

All temporary vents and drain valves on pipelines carrying hazardous materials used for
pressure testing are removed prior to commissioning of the piping system. All double block or
single valve plugs/caps should be tightly closed and 100 % sealed off with appropriate welding
to prevent leaks.

3.2.4.3. Instrumentation on piping systems
The instrumentation on piping systems is usually limited to pressure and/or temperature

measuring devices. Usually instrumentation is either installed between flanged connections or at
a branch connection from the main piping.
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3.2.4.4. Pressure relief devices

Pressure relief devices are normally installed on lines, compressors, or pumping stations as a
means of relieving abnormal pressures and for emergency situations. If a closed pipeline
containing liquid is heated, the pressure within the pipe can exceed the maximum allowable
working pressure of the line. Relief devices and systems, and valves are normally designed to
API 520 (Part 1 and 2), API 521 and API 526 respectively (or equivalent).

3.2.5. Transfer and handling of packaged goods

A. Description
[18, UBA, 1999] [156, ECSA, 2000]

The means of transport for loading and unloading dangerous packaged substances, e.g. a
stacker, must be designed to suit the characteristics of the substances. If, e.g. drums containing
highly flammable liquids are loaded and unloaded an explosion-prevention design is necessary.

Stackers can be equipped with diesel motors, however nowadays in most storage installations
electrically-operated vehicles are used. Stacker drivers must be carefully selected and trained in
order to avoid accidents.

To dispense liquids, e.g. chlorinated solvents, a portable tank on wheels or a skid is sometimes
used. This unit normally has its own permanently mounted pump, used exclusively for solvent
transfer and an adequate pressure relief valve. A drip retaining basin is normally applied.

Small containers (to about 25 kg) can be readily emptied by hand. Removing the contents of
200 litre drums can be achieved either by gravity or by using a pump. Under no circumstances
should a drum be emptied by using air pressure as the drum may burst. To avoid soil
contamination the drum to be emptied can be put on a collector pan, such as a metal grating
over a metal drip pan or a collector pan of prefabricated polymer concrete.

B. Relevant transfer and handling equipment: Not applicable.

C. Possible emission sour ces (transfer and handling of packaged goods)

Table 3.61 and Table 3.62 show the emission scores for the potential emission sources for
transfer and handling of packaged goods. Figure 3.27 explains the methodology for calculating

the emission score. The sources with an emission score of 3 or more are addressed in Chapter 4.

It should be noted that the scores have a relative value only and thus should only be considered
for packaged goods.

Potential source Emission frequency | Emission volume | Emission score

of emissionsto air

Filling N/A

Cleaning N/A

Pigging N/A

Purging N/A

Sampling N/A

(Dis)connecting 1 1 1

Opening 1 | 1

Fugitive 1 | 1

Emptying 1 1 1
Table 3.61: Possible emissions to air from ‘operational sources with transfer and handling of
packaged goods
[113, TETSP, 2001]

IJ/EIPPCB/ESB_BREF_FINAL Januar 2005 81



Kapitel 3

Potential source | Emission frequency | Emission volume | Emission score

of liguid emissions

Draining N/A
Cleaning N/A
Sampling N/A
Pigging N/A
(Dis)connecting 2 1 2
Pressure relief N/A
Opening 1 1 1
Emptying 2 1 2

Table 3.62; Possible liquid emissions to soil/groundwater from ‘operational sources with transfer
and handling of packaged goods
[113, TETSP, 2001]

Apart from small operational losses, infrequent emissions also occur from incidents and (major)
accidents. These emissions are also addressed in Chapter 4.
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3.3. Storage of solids

The different modes of storing solids are described in the sections as shown in Table 3.63.

Type of storage mode Sections

Open storage Section 3.3.1
Sacks and bulk bags Section 3.3.2
Silos and bunkers Section 3.3.3
Packaged dangerous solids Section 3.3.4

Table 3.63: Storage modesfor solids and reference to the sections

3.3.1. Open storage
[17, UBA, 2001] [116, Associazione Italiana Commercio Chimico, 2001] [24, IFA/EFMA,
1992]

Storage in heaps outdoors or in buildings is used for larger quantities of bulk materials. It
serves:

e to stockpile between the place of extraction and the processing plant

e as a buffer between different operations, which work at different times or with different
amounts of the material

e to mix different bulk materials

e to homogenise the mass flow

e as a means of transfer from continuous to discontinuous conveying systems and vice versa.

Open storage is suitable for bulk materials such as coal, gypsum, ore, scrap and sand because
these are not seriously affected by the weather. The bottom of the storage area can be sealed to
protect the material against dirt. In most cases concrete is used. When solid fuels are stored, the
support surface is normally waterproof. An outdoor storage facility for limestone (calcium
carbonate) is normally fitted with a rainwater collection system.

Description: Open storage can be used for short-term or long-term storage and, in general, the
heaps are longitudinal or ring-shaped. Depending on the requirements (e.g. if different materials
have to be stocked in one place), storage can be up against one or several walls. For example
fertiliser is stockpiled against three walls, also called an open bay, or in dedicated sheds.

Table 3.66 shows the various constructions together with the name of the technique and Figure
3.29 shows different shapes of heaps, except the situation where a heap is placed against another
heap made of the same or different material, for example, a gypsum heap against a fly ash heap.
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Conical heap

Longitudinal heap Ring heap

Heap in the angle of two walls

Heap between two walls Heap against a wall

Heap between three walls
(open bay)

Ventilation
N ry

Shed
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Housing open at thetop Heap in a shed

Figure 3.29: Shapes of heaps

[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]

Table 3.64 gives the criteria for the selection of the storage shape.

L ongitudinal storage places

Ring-shaped storage places

are suitable for very high capacities (up to
millions of tonnes)

are suitable for capacities of up to 100000
tonnes

are suitable when the storage may be
extended at a later date

are suitable if no extension is planned or
necessary

are preferred on lengthy sites

are preferred on squarer sites

are suitable when long-term heaps are
positioned next to short-term heaps

Table 3.64: Criteriafor the selection of longitudinal and ring-shaped storage places

[17, UBA, 2001]

3.3.2.

Sacks and bulk bags

[17, UBA, 2001] [24, IFA/EFMA, 1992]

Storage in sacks and bulk bags has no relevance to dust emissions, however, empty bulk bags
and sacks that cannot be re-used are waste. It is used especially for quality reasons and in cases
in which very dusty goods are handled. In most cases the opening of sacks and bulk bags
containing dusty materials is carried out in specialised installations with suitable suction
installations within the production sheds. The type of bags used, their size and construction, will
depend on the frequency and method of handling climatic conditions and market requirements.
For fertilisers polythene bags are often used because these are resistant to water and oil.
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3.3.3. Silos and bunkers
[17, UBA, 2001] [24, IFA/EFMA, 1992, 116, Associazione Italiana Commercio Chimico, 2001]

In some industrial branches silos are also called bunkers. Silos are normally used for the storage
of dry and/or fine materials such as cement and grain. Bunkers are normally used for the storage
of material composed of larger particles. The top of bunkers and silos can be open or closed.
The open ones are relevant for emissions by wind erosion: emissions from closed ones only
appear during loading and unloading.

Silos can be made of concrete, metal or plastic. The capacity of concrete silos can range up to
tens of thousands of tonnes, the metal and plastic silos are of a more moderate size. Depending
on the product (e.g. clinker or cement), silos are equipped with a fabric filter, sometimes with
fabric sleeves that can stand temperatures of up to 150 — 160 °C. For example, fertiliser is stored
in closed plastic silos or in open bunkers.

3.3.4. Packaged dangerous solids

In Section 3.1.13 the different types of containers and the storage of packaged dangerous
substances are described for liquids and liquefied gases. However, this is also valid for the
storage of packaged dangerous solids. In practice packaged solids and liquids are often stored
together in warehouses. Therefore, a reference is made to the different sections in Chapter 3 that
are also applicable for packaged dangerous solids.

Section 3.1.13 Containers and the storage of containers
Section 3.1.13.1 Storage cells

Section 3.1.13.2 Storage buildings

Section 3.1.13.3 Outside storage (storage yards).
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3.4.

Transfer and handling of solids

The different techniques for the transfer and handling of solids are described in the sections as
shown in Table 3.65.

Techniques

Sections

The construction and reclaiming of heaps

Section 3.4.1

Grabs

Batch process

Section 3.4.2.2

Discharge hoppers

Batch process

Section 3.4.2.3

Tubs

Batch process

Section 3.4.2.4

Suction air conveyors

Continuous process

Section 3.4.2.5

Mobile loading devices

Batch process

Section 3.4.2.6

Wagon and truck emptying

Batch process

Section 3.4.2.7

Dump pits Batch process Section 3.4.2.8
Fill pipes Continuous process | Section 3.4.2.9
Fill tubes Continuous process | Section 3.4.2.10
Cascade tubes Continuous process | Section 3.4.2.11
Chutes Continuous process | Section 3.4.2.12

Thrower belts

Continuous process

Section 3.4.2.13

Belt conveyors

Continuous process

Section 3.4.2.14

Bucket elevators

Continuous process

Section 3.4.2.15

Trough chain conveyors

Continuous process

Section 3.4.2.16.1

Scraper conveyors

Continuous process

Section 3.4.2.16.2

Screw conveyors

Continuous process

Section 3.4.2.17

Pressure air conveyors

Continuous process

Section 3.4.2.18

Feeders

Section 3.4.2.19

Table 3.65: Techniquesfor thetransfer and handling of solids, with section references
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3.4.1. The construction and reclaiming of heaps
[17, UBA, 2001]

There are several techniques to construct and reclaim a heap.

Structure of the heap Technique Explanation

Heaps with a conical profile
that are constructed/reclaimed
with a drivable conveyor
(longitudinal heaps) or a
rotating conveyor (ring-shaped
heaps)

Cone-shell

Heaps built up in lateral
sloping layers with a drivable
conveyor that can be raised,
lowered, slewed or telescoped

Strata

Heaps with sloping layers
pitched like a roof and built up
with a conveyor that can be
raised and lowered

Chevron

Heaps in rows which are built
up in layers (like the chevron)
Windrow | with a drivable conveyor that
can be raised, lowered, slewed
or telescoped

Mixture of cone-shell and
Chevcon chevron (roof-like  sloping
layers)

Table 3.66: Typical techniquesto construct a heap
[17, UBA, 2001]

Machines especially elaborated for the construction of heaps are dumpers, such as tipper trucks
or wagons and, for the reclaiming of heaps, back-loading devices such as bridge scrapers, lateral
scrapers and portal scrapers.

Tripper cars throw the bulk material onto the heap from its side. Depending on the
requirements, tripper cars can be equipped with a slewing belt or a transverse belt. Using the
same principle a heap can be filled directly from the wagon above the heap.

Belt dischargers are conveyor belts which throw the bulk material over the heap. Depending on
the type of heap, these systems are fitted to rotating or running jibs/booms or supporting beams.
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Depending on the type of construction chosen, the band discharger can be slewed or adjusted in
height and — should the situation require — be telescoped or traversed.

The system has to be flexible in cases where a mixing and homogenisation of the bulk material
(so-called mixing heaps) is required in addition to the storage function.

3.4.2. Loading and unloading devices
[17, UBA, 2001]

Section 3.4.2.1 describes the general emission aspects of loading and unloading. Section 3.4.2.2
to Section 3.4.2.13 describe the techniques for the material pick-up and discharge. Sections
3.4.2.14 to 3.4.2.18 describe the techniques for conveyance. A clear distinction between the
pick-up and discharge techniques and the conveyance techniques cannot be made and, therefore,
all the techniques are described in this Section 3.4.2. Feeders are described in the final section,
Section 3.4.2.19.

3.4.2.1. General emission sources from transfer and handling

In principle, transfer and handling comprises three types of operations, the dust relevance of
which is determined by the material itself and the techniques used. The techniques of material
pick-up and discharge can be classified as continuous and batch processes, which is shown in
Table 3.65.

1. material pick-up, eg.
e the unloading from ships or wagons by grabs
e the mechanical unloading from ships or wagons by bucket elevators
e the pneumatic unloading from ships by siphons
e the grabbing of material by bucket loaders.

2. material conveyance, e.g.
e the slewing of the filled grab with the crane beam
e the conveying by bucket conveyors, elevators, belt conveyors
e the conveying by pneumatic transport
e the transport of material in a filled bucket of a bucket loader.

3. material discharge, e.g.

e discharge of the material by the opening of the filled grab onto a loading area, into a
hopper or onto a heap
discharge from a conveyor belt onto a loading area, a heap or another conveying system
the loading of a truck, wagon or ship by a fill pipe or a fill tube
the discharge of the material from a bucket loader from a dump truck
pneumatic or atmospheric (gravity) discharge of silo trucks.

There is a worldwide trend towards using continuous systems for unloading specific bulk
materials. This is especially valid for sea transport but also for the pneumatic unloading of silo
trucks or wagons. The growing significance of continuous unloading systems in sea transport is
caused by two factors. One is the relatively rapid and efficient unloading, which is important to
save on high ship berthing costs. Secondly, continuous systems create less dust and noise and it
is possible to reduce material losses in comparison to grab techniques. The use of continuous
ship unloaders is limited by the size of the free ship load area. If the opening of the hold is too
small (e.g. with converted tankers), mechanical systems such as bucket elevators or screw
conveyors are often not practical. In these cases grabs are more favourable, with frontloading
shovels for the trimming.
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Dust is emitted while loading if:

e the motion of the mass flow is changed (change of direction or velocity)
e the size of surface particles is reduced by crushing or friction
e the moisture of the material is decreased by climatic conditions.

Closely related to the process of loading is the trimming of the material. This process is
necessary when:

any compacted material has to be loosened before the grab can pick it up

the jib boom of the unloader is too short and the material must be taken to a central point
the grabbing apparatus is too clumsy

the remaining material around the edges has to be removed.

Other procedures to clean up residues from the wagons and trucks are:

e mechanical procedures, e.g. vibrators if dumpers are used, or brushes
e hydraulic procedures, e.g. truck washing, direct water jet
e pneumatic procedures, e.g. industrial vacuum cleaners.

In many cases, frontloaders are used to trim the remaining material and to clean the ship’s hold.
Cleaning is normally only necessary when different bulk materials are being handled. Two
methods of gathering and disposing of solid waste from ships are described in:
‘Ubereinkommen iiber die Sammlung, Abgabe und Annahme von Abfillen in der Rhein- und
Binnenschifffahrt, Anlage 2, Anhang III Entladestandards und Abgabe-/Abnahmevorschriften
fiir die Zuléssigkeit der FEinleitung von Wasch-, Niederschlags, und Ballastwasser mit
Ladungsriickstinden; Zentralkommission fiir die Rheinschifffahrt’.

The use of continuous conveying systems is dependent on:

e the properties of the material, such as bulk density and angle of the heap, particle size,
adhesion and cohesion properties and moisture sensitivity

e the sensitivity of the material to mechanical handling and its thermal and chemical
properties

e the required throughput

e the economy.

3.4.2.2. Grabs

Description: Grabs are technical installations with two or more controlled shells which
penetrate the bulk material in an open condition, pick up the material by closing and discharge it
by opening. In general, the capacity of grabs — dependent on the type of grab, its weight and size
— is limited to 2000 to 2500 t/h. Grabs are normally only used to pick up the material; belt
conveyors are used for further transport. Figure 3.30 shows a two-shell grab.

IJ/EIPPCB/ESB_BREF_FINAL Januar 2005 89



Kapitel 3

Figure 3.30: Two-shell grab
[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]

Grabs are the most commonly used tools in loading and unloading processes because:

they are versatile

they can be easily swapped when another type of bulk material is to be handled
their capital cost is relatively low

they can load and unload at the same rate.

Potential disadvantages of the grab technique may be:

e the strong dependence on the correct operating technique

e the slightly disadvantageous ratio between the nominal capacity and the effective capacity
compared to continous unloading techniques

o the weight of the grab shells themselves.

The controlling of the grabs is normally carried out mechanically with cables. The option of
controlling the grabs hydraulically with motors is rarely used for bulk materials. A wire grab
takes 10 seconds to close the shells, whereas a motor grab takes 20.

The shape of the edges of the grab is important to control dust emissions.

Figure 3.31 shows different shapes of grab edges.

Round steel Bridge profilewith rubber strip

Figure 3.31: Different shapes of grab edges
[17, UBA, 2001] with referenceto MB Krdger Greifertechnik GmbH
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The rubber joint is particularly suitable for very fine flowing bulk materials, e.g. fish-meal. For
lumpy bulk materials like iron and ores, rubber joints are not strong enough and are therefore
not used. Rubber joints need to be cleaned and maintained regularly, if they are to be effective.

If different materials are handled, joints with two round steels edges are commonly used.
Precise fitting of the grab edges is vital for optimal closing and minimum dust emission.
Problems with the precise fittings can arise from the constant abrasion of the edges. Edges
which overlap prove not to be suitable in practice because they are especially sensitive to
damage.

Emissions. Emission-relevant process steps are:

e dumping of the material (dust formation depends on the fall height)
e overloading or not totally closing the grab shells (the material spills)
e slewing of the grabs (dust emissions arise from drifting).

Applicability: Grabs are used for transport from ship to ship as well as from ship to storage
and/or to wagon and also for the move from storage to processing plants. Grabs are applicable
for nearly all bulk materials, including those with a high moisture content (which is not the case
with e.g. pneumatic systems). However, their use should be avoided for dry drift sensitive bulk
materials because of the potential dust emissions.

3.4.2.3. Discharge hoppers

Description: Discharge hoppers are devices which take the discharged product (from grabs or
from belts) and deliver it in a jet onto the load area of a vehicle (truck or wagon), onto another
conveyor system or into the storage system. Discharge hoppers are often fitted with gratings or
lamellae in order to ensure an even flow of material and to prevent larger pieces of material
blocking the flow; the lamellae require the bulk material to be fairly fluid. Feeders are used for
even delivery to the next conveying device. Hoppers can be equipped with a height adjustable
fill tube and with a dust apron when they are used, e.g. for loading vehicles.

Applicability: Loading and unloading of bulk materials in ports, e.g. ship unloading by grabs or
discharge onto a belt after silo unloading to load a truck or a wagon. A hopper is suitable for
nearly all bulk materials (up to a particular size); e.g. grain, fertilisers, coal, non-iron metal ores
or concentrates, raw materials of the cement industry.

3.4.2.4. Tubs

Description: Tubs are used to load as well as to transport. Tubs are transportable vessels with at
least one gate. They cannot pick up the material but are normally filled from the top. In order to
empty the tubs a bottom plate is swung aside (bottom emptying tub), the tub is tilted (tilting tub)
or gates open (a gate tub similar to the grab). Tubs are normally not suitable for dusty goods.
Figure 3.32 shows different tub types.
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Figure 3.32: Different tub types
[17, UBA, 2001] with referenceto DIN 30800-3

3.4.2.5. Suction air conveyors

Description: Pneumatic conveyors, such as suction air conveyors, transport the material in
closed pipes by streaming air, with the air compressor arranged at the end of the process chain.
There are suction and pressure installations and Figure 3.33 shows the process principle of a
suction system. The pressure system, which is not an unloading but a transfer device, is
described in Section 3.4.2.18.

Suction air conveyors may be installed as mobile or stationary installations. Mobile systems are
suitable if different port activities take place at the same point or if the installation is only
needed from time to time. Stationary installations are growing in number because the transport
of goods is steadily increasing together with the number of suitable specialised terminals.

The material is sucked by a nozzle and is then transported under vacuum to the separator which
separates the airflow and material flow. The conveyed material is discharged in most cases over
cell-wheel gates. At this point the vacuum is separated from atmospheric pressure. The
discharged material is then transferred to continuous conveying systems.

The installation is very flexible by:

e the rotating and the kick-in/kick-out movement of the suction head
e the bending and the telescopic manner of the vertical suction pipe
e the mostly drivable concept of the installation.

Nearly every area of the ship which needs to be unloaded can be reached. At the end of the
unloading time the material layer gets too thin and it is more practical to use, e.g. a frontloading
shovel to trim the remaining material.

The throughput of pneumatic conveyors is influenced by the material type, the cross-section of
the pipe, the air pressure and the route. For example, grain can have a throughput of
500 - 600 tonnes per hour and aluminium oxide a throughput of 1000 tonnes per hour.

The essential advantages are the prevention of dust because of the closed system and dust
control by filters, the simple construction, the long lifetime and the fact that no movable parts
are used in the load room. The investment is relatively low. An essential disadvantage is the
often high energy consumption.
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1. Suction nozzle 7. Compressor

2. Moving part of the pipe 8. Sound absorver
3. Conveyor pipe 10. Cell wheel gate
4. Curver

4. Separator and silo

6. Filter

Figure 3.33: Function principle of a suction air conveyor
[17, UBA, 2001] with referenceto Pfeifer, 1989

Applicability: Suction air conveyors are suitable for bulk materials where the specific density is
less than 1.2 g/cm’. They are used in many industrial fields, typically in agriculture, mining,
chemicals and food industries, for materials such as grain, aluminium oxide, petroleum coke,
cement, limestone, lime and clay, potash, sodium sulphates and similar chemicals, fertilisers,
salt and some plastics. They are used for the unloading of ships, wagons and trucks.

Emission: Additional textile filters may be installed behind the separator to remove dust from
the emitted air. Dust emission levels of 5 mg/Nm’ can be achieved, but the filters are
dimensioned for a dust emission level of 20 to 25 mg/Nm? in order to reduce investment.

Like all pneumatic systems, suction air conveyors have a very high energy consumption: for
light materials such as agricultural products, a value of 1 kWh per tonne and for heavy materials
like clay or cement, a value of 2 kWh per tonne. In comparison, values between
0.3 and 0.8 kWh per tonne can be assumed for mechanical conveyor systems.

3.4.2.6. Mobile loading devices
Description: Mobile loading devices are excavators and frontloaders. They are used:

to work on small heaps

to load vehicles

to bring the material to bins or boxes
to feed hoppers

to trim the material in ships.

Emissions. Emissions arise from the lifting of the bucket, from wind drifting or from dumping.
The open handling favours dust formation.
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3.4.2.7.

Wagon and truck emptying

Description: Wagons and trucks are used to transport grain, fertiliser, coal, sand or ores. Table
3.67 shows the typical bulk material wagons and trucks used in Germany.

Types Principle Bulk material
1. open wagon/truck e wagon/truck open at the top Coal, briquettes, scrap,
e not self-unloading (partly by grabs or ores, stone, gypsum and
by special tilt equipment) minerals
2. open wagon/truck with | e  loading space with several juxtaposed Gravel, sand, and stone
gravity unloading — hoppers chippings
dosable e dosed lateral material unloading by
gravity through dosable openings
3. open wagon/truck with | e  wagon/truck open at the top Gravel, sand, stone
gravity unloading — e saddle-shaped bottom chippings and gypsum
instantaneous e instantaneous material unloading
through side-gates (also with bottom
unloading)

4. tipper wagon/truck e  wagon/truck with a pit, tipping over the | Building waste, building
side (for trucks also over the front) and | material and gypsum
driven by a pneumatic ram

e separated valves (the lower valve
serves as a chute)

5. wagon/truck for e closed wagon/truck Cement, lime flour,

pressure unloading . emptying by pipes into silos quartz sand, soda,
aluminium oxide, sugar,
flour, semolina and salt
6. covered wagon/truck e like 2, but with a slewable roof Moisture-sensitive bulk
with gravity unloading materials, e.g. grain
— dosable

7. covered wagon/truck e like 3, but with a slewable roof Moisture-sensitive bulk
with gravity unloading materials, e.g. gypsum
— abruptly

Table 3.67: Survey of typical wagons/trucksfor bulk materials
[17, UBA, 2001]

The emptying of wagons/trucks is carried out via lateral discharge openings or at the bottom of
the wagon/truck. With lateral emptying, the material is led via special gutters to the next
handling device or directly onto belts/bands. It is similar in principle to the bulk gutter
unloading of road vehicles and is often used for fertiliser. Unloading stations are generally
roofed or partly enclosed (particularly when handling moisture-sensitive bulk materials). Totally
closed housing is not usual for railway unloading.

In seaports, it is common practice to unload wagons/trucks over the side onto belts; the material
is conveyed either to a subsequent means of transport (truck or ship) or to a storage system
(heap, shed or silo). Figure 3.34 shows a rear tipping and a side tipping truck, Figure 8.1 in
Annex 8.8 shows some wagon types used by the German railway, with different unloading
techniques.

Emissions. The loading (by grabs, loading pipes or discharge from conveyor belts) and
unloading of the wagons are the two relevant process steps. Capsulation or suction systems can
be installed.
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Sidetipping

Rear tipping

Figure 3.34: Dump trucks
[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]

3.4.2.8. Dump pits

Description: Dump pits are ground excavations covered with a grid into which the material is
tipped at high velocity. Dump pits are normally used to unload tipper wagons (e.g. with grain).

Dump pits can be equipped with so-called dust barriers. These lamellae open when the material
is fed in. The dust that comes up is held back either by the following material or, when the mass
flow stops, by the closing dust barriers. Dump pits can also be equipped with a suction system.
Apart from dust barriers or a suction system, the reception area can be housed. Another
possibility is the housing of the vehicle and pit area by a movable curtain system.

Applicability: Dump pits were developed for the unloading of grain, but are in principle
applicable for all free-flowing bulk materials.

Cleaned air coming
from the filter

—

Silo

"] Dust containing

air to the filter

Suction canal

Grids

VY

Dust barriers

Abbildung 3.35: Dump pitswith suction and dust barriers
[17, UBA, 2001] with reference to Franz Rubert and Co. GmbH, 2000 (left picture) and Raiffeisen
Hauptgenossenschaft Nord AG, 2000 (right picture)
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Emissions. Dump pits without dust barriers can cause high dust emissions; when grain is
unloaded, dust can shoot up three metres high and be dispersed over the surrounding area.
Sometimes dump pits are equipped with suction equipment.

3.4.2.9. Fill pipes

Description: With fill pipes, the material slides or falls down a pipe under gravity. There are
several variations of fill pipes. Synonyms are ‘loading pipe’ and ‘down pipe’. Figure 3.36 shows
a ship loader for bulk materials with a fill pipe.

Explanation:
2 / 1. telescopic fill pipe
N l 3 .5 | 2. rise and fall boom with belt
R conveyor

/
+b
L
Y]

cable winch

belt conveyor with covering
conveyor bridge

portal crane

crane chassis

=T o]
— 1
J——

NN bW

Sl e /77

T

il

Figure 3.36: Ship loader with fill pipe
[17, UBA, 2001] with referenceto Pfeifer, 1989

Fill pipes are available as a rigid pipe or as a vertical and/or horizontal movable pipe. The
movability is achieved by lifting devices with ropes, telescopic booms and kick-in/kick-out
installations. With a movable fill pipe the fall height can be (automatically) regulated and
loading heads can be installed at the end of the pipe to regulate the output volume. A movable
fill pipe can also be composed of an upper pipe and a lower pipe; they are joined with a seal and
the lower one is telescoped by sliding pieces or pulleys. In very long pipes, baffles are installed
to reduce the fall velocity.

Applicability: Fill pipes are used to load containers, trucks, trains and ships.

3.4.2.10. Fill tubes

Description: Fill tubes (also called loading tubes) can be used for closed and open loading. For
open loading of bulk materials onto open trucks, ships or heaps, covers or aprons are fixed at the
end of the tube to minimise the spreading of dust. For closed loading in silo trucks or containers,
a cone with a fill alarm is fixed at the end of the tube so that dust cannot be emitted. The tube is
composed of an inner and an outer tube and is made of plastic or of a tough woven plastic
textile.
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Figure 3.37: Fill tube

[17, UBA, 2001] with referenceto DIN 30800-3

Applicability: Fill tubes are used to load containers, trucks, wagons and ships.

Emissions. Similar to the fill pipe (Section 3.4.2.9), a fill tube minimises the free surface in
order to achieve a nearly dustless loading.

3.4.2.11. Cascade tubes

Description: A cascade tube is a fill tube where a cascade is put in; see Abbildung 3.38. The
material slides and falls alternately. The low fall heights and the changes of the direction mean
that there is scarcely any dust formation during loading and the material is treated more
carefully.

Cascade tubes with throughputs of 30 to 5000 m’/h are available. They are coated with
extremely high density polyethylene, sintered aluminium, ceramic brick and steel, which are all
resistant to abrasion.

Installing a level sensor enables the tube to automatically maintain an appropriate distance from
the surface of the material.

Abbildung 3.38: Cascadetube
[17, UBA, 2001] with referenceto DIN 30800-3
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Applicability: Cascade tubes are used to load containers, silos, trucks, wagons and ships, and
for transfer between conveyor belts. Suitable bulk materials are: powdery to coarse flowing bulk
materials, e.g. potash, phosphate, grain, coal, coke, heavy sodium, aluminium oxide, cement,
sodium phosphate, maize and animal feed. The technique has a relatively simple construction
and only needs simple maintenance and cleaning.

Emission: The cascade tube not only minimises the free surface at the discharge point, but also
reduces the velocity of the material in order to achieve a nearly dustless loading.

Economics: A positive effect is the reduction of quality loss of the handled material.

Reference plants: Kali Transport Hamburg, the ports of Wismar, Liibeck and Philippstal,
Germany.

3.4.2.12. Chutes

Description: Chutes are bulk material conveyors where the material slides downwards in an
open or closed sloping groove. Chutes are used as loading tools or as transfer devices between
two conveyors. There are rigid and movable chutes. Movable chutes can be vertical and
horizontal slewable or drivable either backwards and forward or diagonally.

MR-

:

Figure 3.39: Loading of a wagon by a chute
[17, UBA, 2001] with referenceto DIN 30800-3

A minimum slope angle is required that varies with the specific flow properties of the conveyed
material. Although a low friction and/or high abrasion resistance coating can be used to protect
the chute, wear will still take place, at a rate dependent on:

the chute length

the angle of the slope

the specific area load

the slide velocity

the frictional properties of the chute material.

Applicability: Generally, chutes are suitable for non-caking materials and for dry operations.
Because of the dust emissions, chutes are not applicable for fine powdery materials.

Emissions: The finer the material, the more dust will form.
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3.4.2.13. Thrower belts

Description: Thrower belts are short rubber belt conveyors which reach very high conveyor
velocities of 10 to 20 m/s. They are used as the last part of a loading chain if, for local reasons,
the conveyor or loading system cannot be installed near enough to the discharge point.

Examples are:

e ship loading in combination with vertical loaders if the loading bridge is not long enough

Figure 3.40: Thrower belt
[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]

e to feed smaller heaps if the material properties mean that only flat heap angles can

otherwise be achieved.
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Figure 3.41: Thrower belt used for constructing heaps
[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]

Applicability: Thrower belts are used in situations where the conveyor or loading system

cannot be installed near enough to the discharge point.

Emissions; Thrower belts cause a lot of dust emissions.
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3.4.2.14. Belt conveyors
[17, UBA, 2001] [137, suppliers information, 2002] [139, suppliers information, 2001] [138,
suppliers information, 2001] [78, DCMR Milieudienst Rijnmond, 1995]

Description: Belt conveyors are the most used and the best-known continuous conveyor
systems. On belt conveyors the conveyed material is transported on an endless belt on support
pulleys, slide strips or on an air film, made of rubber or plastic. Types of belt conveyors are:

Belt conveyors

With belt conveyors, the material is transported on the top side of an endless rubber belt with
wire reinforcement. They are used as mobile systems or as part of stationary installations. A
characteristic of the conveyor belts is that they are concave.

Emissions from belt conveyors: With open outdoor conveying systems, dust emissions are
caused by the wind, an effect exacerbated by the vibrations of unsupported conveyor belts. Dust
emissions also occur when caked-on material falls off while the belt is running back after the
discharge. Dust emission from the material that is fed onto the belt can occur if the feed velocity
does not match the belt velocity. Another source of emissions are when the belt is overloaded
and the material falls off.

Conventional belt conveyor

Figure 3.42: Conventional belt conveyor
[91, Meyer and Eickelpasch, 1999]

Steep belt conveyors
Steep belt conveyors are similar to the conventional belt conveyor. In order to overcome slopes,
the band is reinforced with profiles or small side-belts.

|

I

I rrerri

Steep belt conveyor

SIS

|

Figure 3.43: Principle of a steep belt conveyor
[17, UBA, 2001]
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Hanging belt (or loop belt) conveyors

Hanging belt conveyors are a relatively new kind of belt conveyor which are not often used,
because of the high cost. The belt is formed as a loop by pressure and support pulleys. The belt
is opened in order to discharge the material. With this type of conveyor, extremely tight curves
(up to 0.4 m) are possible.

The most recent innovation in the field of continuous vertical conveying is a belt in the
(patented) shape of pockets that make all hinges unnecessary. Belt speeds of up to 6 m/s are
possible. These types of conveyors in shaft applications reach volume flows of 1000 m’/h at a
vertical lift of 500 metres. For self-unloading vessels they can achieve volume flows of
5000 m*/h at a lift of 35 metres. All kind of material can be conveyed in a vertical path since
different rubber qualities are available to suit different requirements as, e.g. heat resistance or
oil resistance. Due to the simple construction with less rotating parts, this type of system offers
the further advantage of energy saving by lower frictional losses.

Sicon
conveyor

Aerobande

Figure 3.44: Examples of hanging belt conveyors
[78, DCMR Milieudienst Rijnmond, 1995]

Tube belt (or pipe belt) conveyors

Tube belt conveyors are a special type of the conventional belt conveyor. After the feed-path,
the conveyor belt forms a nearly circular cross-section, the belt edges overlap and form a closed
tube. The material is conveyed in the inner side of the band, which is rolled by (3 to 5) drive
pulleys. The material is protected against the weather and dust emissions are minimised. At the
— usually housed — discharge point, the belt is opened to discharge the material.

Belt conveyors of this type are suitable for fine and for lumpy materials up to a size of one third
of the tube diameter. They are used to overcome long distances (and steep inclines of up to 60°),
e.g. in mines and iron and steel works, because the system allows curves so that intermediate
transfer points are not necessary. Other applications are in the cement, fertiliser, food and
chemicals industries, to transport materials such as ores, coal, coke, limestone, broken stones,
cement, gypsum, copper ore concentrate, ash and salt.

The belt speed ranges from 60 m/min to 300 m/min, roughly the same as a conventional belt
conveyor. With regard to the handling capacity, a pipe conveyor can transport the same amount
of material as a belt conveyor with a belt width which is three times the pipe diameter.
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Figure 3.45: Different designs of tube belt conveyors
[78, DCMR Milieudienst Rijnmond, 1995]

Double belt conveyors

Double belt conveyors use two conveying belts, normally a support (or carry) belt and a cover
belt, which are brought together in the sloping or vertical part of the installation. The support
band has raised edges and cross-profiles which support the material during vertical transport. At
the bottom, the belt system is led over a drum, from which it picks up the material while moving
downwards. The wedge effect between the two belts carries the material upwards to the transfer
point, which may be a hopper.

This technique requires a relatively even particle size. Generally, materials between fine and
coarse are suitable, but not powdery or lumpy materials or those that tend to cake on. This type
of belt is especially suitable for products vulnerable to deterioration or degradation. A
disadvantage of the sandwich or twin belt conveyor is that it cannot make curves.
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Sandwich or twin belt conveyor

Figure 3.46: Example of a double belt conveyor
[78, DCMR Milieudienst Rijnmond, 1995]

Folding belt conveyors
With folding belt conveyors, the belt is folded with the help of support pulleys in such a way

that the product is completely enclosed.

U-con Q conveyor

U-con Delta conveyor

Folding belt conveyor

Figure 3.47: Examples of folding belt conveyors
[78, DCMR Milieudienst Rijnmond, 1995]
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Zipper conveyors
With zipper conveyors the product is completely enclosed by the belt because the edges of the
belt are connected to each other by means of a zipper.

Zipper conveyor

Figure 3.48: Zipper conveyor
[78, DCMR Milieudienst Rijnmond, 1995]

3.4.2.15. Bucket elevator

Description: Bucket elevators are conveyors where the buckets that pick up the material are
fixed to a drive mechanism such as a chain or a conveyor belt. The shape and material of the
buckets depend on the material that is to be conveyed. Bucket elevators are used for vertical
transport, as they can lift to great heights, but are also used as continuous ship unloaders to
convey the material horizontally and vertically in one device. In these cases, the conveyor foot
is L-shaped. The advantage of the L-shaped foot is that the bulk material can be picked up fairly
close to floor level and out of the corners of the ship’s hold, which reduces the need for
trimming. The flexible conveyor shoe can be adapted by hydraulic systems to the geometry of
the hold, enabling optimum filling of the buckets.

The fill factor is the proportion between the design volume of the bucket and the actual fill and
is dependent on:

shape and velocity of the bucket elevator

type of the bulk material being handled

relative position of the buckets to the bulk material surface

relative position of the buckets which are in contact with the bulk material.

The discharge of the material takes place at the head of the bucket elevator either by gravity
unloading (with slowly running conveyor systems) or by centrifugal force (with fast running
conveyor systems). The conveyor velocity is 0.3 to 1.6 m/s with steel chains and 1.5 to 4 m/s
with conveyor belts. Conveyor heights of 110 m are achievable with a belt and 60 m with a
chain. The maximum throughput may be up to 3000 t/h on average to 4000 t/h peak.
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Figure 3.49: Construction and function principle of a bucket elevator
[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]

Figure 3.50: Continuous ship unloader with bucket elevator technique and L -shaped pick-up foot
[17, UBA, 2001] with referenceto Krupp Fordertechnik GmbH, 2000

Applicability: Bucket elevators are suitable for the conveying of bulk materials from powdery
to moderately lumpy (up to 60 mm particle size) which do not have caking-on and no strongly
abrasive properties, e.g. flour, corn and pulses, sand, coal, limestone, cement or ash.

Emissions. The bucket elevator is encased and can be equipped with a suction system, so little
or no dust emissions will occur. The material pick-up and discharge are potential sources of dust
emissions.

Reference plants: Bucket elevators with the L-shaped pick-up foot are applied in European
steelworks such as Riva Acciai in Taranto, Italy, Sidmar Steelwork in Gent, Belgium, Ferrol,
Spain and in Dillinger Hiittenwerke AG, Vereinigte Elektrizititswerke Westfalen AG,
Germany.
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Economics: For the specific case of Dillinger Hiittenwerke the investment was around
DEM 8 million (about EUR 4 million). The capacity of this ship unloader varies between
1200 and 1500 t/h, depending on the material conveyed. The alternative of two grab unloading
stations would have required a similar investment of DEM 7 — 8 million (reference year 2000),
but has only one third of the capacity.

The energy and maintenance costs are one-third lower than for conventional grab unloading.
Two persons are needed for the operation of the bucket elevator, but four persons are needed for
the operation of two grabs.

3.4.2.16. Chain conveyors

Description: The chain conveyor is a closed and heavy-duty conveyor with one or more
continuous drive chains. The chains are moved over sprockets; chain tensioners are used to stop
the chains from sagging. Chain conveyors are characterised by a generally low energy
consumption; some units show values of 0.006 kWh per tonne and metre conveyor height. The
chain velocity is mostly under 1 m/s with a throughput of up to 1000 t/h. Damaged chain
elements can be changed relatively easily.

Two types of chain conveyors are presented in the following sections: the trough chain
conveyor (Section 3.4.2.16.1) and the scraper conveyor (Section 3.4.2.16.2).

3.4.2.16.1. Trough chain conveyors

Description: In a trough chain conveyor the chains run in a closed trough, as shown in Figure
3.51. The shape of the collector is chosen to suit the type of material being handled and the
conveyor path:

e for horizontal and gently sloping conveyor paths, flat, rectangular or L-shaped collectors are
used
e for steeply sloping and vertical paths, U-shaped, fork- or ring-formed collectors are suitable.

The pick-up and discharge of the material are fairly easily accomplished and the material can be
conveyed vertically. This technique has a relatively low space demand and has low or no dust
emissions. Disadvantages are the high wear and the relatively high energy demand. The
throughputs vary between 10 and 2000 m*/h, with a maximum conveyor length of 50 to 150 m.

drive wheel trough feeding

s

discharge drive chain

Figure 3.51: Principle of atrough chain conveyor
[17, UBA, 2001, 91, Meyer and Eickelpasch, 1999]
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Application: Trough chain conveyors are typically used in bunkers and silos for loading and
unloading powdery and moderately lumpy materials that have no caking-on properties. Because
the trough chain conveyor is a closed system, it is used especially for grain, oil seeds, food and
feed, coal, cement, chemical products and minerals.

Emissions:; If the feed and discharge areas are enclosed or housed, no dust emissions arise.

3.4.2.16.2. Scraper conveyors

Description: A scraper conveyor is similar to a trough chain conveyor, but without a trough.
The conveying is carried out by collectors attached to chains. The collectors push the material.
The pick-up and discharge of the material can be made at any chosen point on the conveyor.

Application: Scraper conveyors are mostly used to feed and to reclaim heaps of ore, coal and
salt.

Emissions; Dust is emitted during the pick-up and transport of the material. Friction effects
between the material and the walls and bottom of the conveyor can cause crushing of the
material. The dust formation from this effect can be minimised by dampening the material.

3.4.2.17. Screw conveyors

Description: Screw conveyors are bulk material conveyors in which the material is driven
along a stationary trough or pipe by a rotary conveyor worm, whether horizontal or sloping up
to 30°. Vertical movement is also possible, but requires a totally different construction of the
conveyor. With horizontal movement, the material is pushed forward along the bottom of the
trough; with vertical movement, the material runs with the worm around the pipe.

With horizontal screws, the material can be picked-up and discharged at several points. The
openings to discharge are directed with flights. Vertical screw conveyors have a lower material
pick-up point and an upper material discharge point. The maximum fill degree in relation to the
screw cross-section is 40 % for trough screw conveyors and up to 80 % for pipe screw
conveyors.

The maximum throughput performance of a vertical screw conveyance is 1000 to 1200 t/h. A
higher performance is technically possible, but is very expensive.

Figure 3.52: Scheme of a trough screw conveyor
[17, UBA, 2001] with referenceto VDI 3971
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Application: Screw conveyors are especially suitable for conveying very dusty materials, e.g.
aluminium oxide powder, cement, grain, gypsum, fertilisers, coal, lime and phosphates.

Screw conveyors are also suitable for animal by-products and sugar beet pulp at rates of up to
900 tonnes per hour with diameters of up to 2 metres.

Screw conveyors are used for the transport of materials ranging from those containing powdery,
fine particles to lumpy bulk materials over relatively short distances (up to 40m). They are
unsuitable for abrasive materials or those that tend to cake-on.

These devices are compact and — because of the kick-in/kick-out device — can reach areas that
are otherwise difficult to access, although they are not suitable for ships with small hatches.
Because of its versatility the screw conveyor is used in many fields.

Emissions. Vertical screw conveyors are always closed, whereas horizontal conveyors can be
open or closed. In all cases dust is emitted at the points where the material is picked up and
discharged, unless the transfer points are enclosed.

Cross-media effects: The energy consumption is relatively high due to the high driving power
of the screw.

Reference plant: Stadtwerke Flensburg; Port of Borugas Ltd., Bulgaria; Kingsnorth Power
Station, England; Calibra S.A. Lisbon, Portugal.

3.4.2.18. Pressure air conveyors

Description: Pressure air conveyors are mainly used for dust-free conveying in closed systems.
The principle of a pressure air conveyor is the same as the suction air conveyor described in
Section 3.4.2.5, except that the compressor is at the beginning of the unloading system.

The conveyed material is introduced into the conveyor pipe system via a feed mechanism (cell-
wheel gate, screw or feed hopper) by injector effect. The conveyor pipe system is run at over-
pressure. The next steps in the process are the same as those for suction air conveyors (see
Section 3.4.2.5).
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'Good 1'I!?.u::u::u:i
3. Conveyor pipe 8. Sound ahsorver
4. Curver 10. Cell wheel gate
5. Separator and silo 11. Diverter gate
6. Filter 12. Line to lead back
7. Compressor the conveyor air
9. Feed installation (e.g. hopper)

Figure 3.53: Function principle of a pressure air conveyor
[17, UBA, 2001] with referenceto Pfeifer, 1989

Applicability: Pressure air conveyors are suitable for fine particle crystalline bulk materials like
cement, lime or gypsum and are applied, e.g. for unloading silo trucks.

Emissions. There is scarcely any dust emission from the closed conveying system using a back
venting line. Systems without a back venting line and equipped with a filter system have low
emissions. The material pick-up can be the only dust relevant step in the process.

Pressure air conveyors, as all pneumatic systems, have a very high energy consumption.

3.4.2.19. Feeders

Description: The feed and discharge points are the most significant for the formation of dust
from continuous conveyor systems. Some typical feeders are:

Belt feeders

Belt feeders are rectangular hoppers. The bulk material falls from the storage unit over the
hopper onto the conveyor system behind it. Such hoppers are available as enclosed types, with
optional suction or sprinkling systems.

Roll feeders

Roll feeders are openings from bunkers or silos. The material is fed onto a rotating roller. The
roll conveys the material to a conveyor system behind it. The feed velocity varies with the
rotation speed of the roll.

Screw feeders

Screw feeders correspond to the classic screw conveyors. By the rotation of the conveyor screw
in a trough, material is transported in a controlled way from a longitudinal feed opening to the
conveyor or storage unit behind it.
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Rotating wheel disclaimers

Rotating wheel disclaimers are used to feed bunkers or silos. The material slides over a bevelled
ground plate from the storage system in a discharge slot. A discharge carriage moves along the
slot opening. At the discharge carriage, a rotating bucket wheel is fixed which removes the
material from the slotted outlet to the conveyor installation behind it.

Rotating feeders

Rotating feeders are also used to feed the material to conveyor belts from bunkers or silos. The
discharge is effected by cells. The cells with lamellae on a rotating axis are housed in a kind of
cylinder with openings at the top and the bottom; these openings are sealed to the silo or bunker
and to the conveyor system behind it.

Belt feeder Roll feeder Screw feeder Rotating wheel Rotating
disclaimer feeder

Figure 3.54: Feeders
[91, Meyer and Eickepasch, 1999] [17, UBA, 2001] with referenceto DIN 15201 part 2

Emissions. Dust emissions arise particularly from feeders which are not housed. Overfilling can
occur if the feed system is not adapted to the storage or conveyor system, e.g. because the feed
velocity is too high.

3.4.3. Transfer and handling of packaged good

See Section 3.2.5 — Transfer and handling of packaged goods.
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4. TECHNIKEN, DIE BEI DER BESTIMMUNG VON BVT ZU BERUCK-
SICHTIGEN SIND

4.1. Lagerung von Flussigkeiten und verflissigten Gasen

In Kapitel 3 werden die meisten der verschiedenen Lagerungsmethoden fiir Fliissigkeiten und verfliissigte Gase
beschrieben; fiir jeden Lagerungstyp werden die potentiellen Emissionsquellen identifiziert, und es wird ihnen
eine Emissionspunktezahl zugeordnet. Den Emissionsquellen eine Punktezahl zuzuordnen ist eine einfache und
zuverldssige Moglichkeit, die wichtigsten Emissionsquellen zu kennzeichnen; zu beachten ist jedoch, dass diese
Punktezahlen eine relative Wertigkeit haben, die fiir jede Lagerungsmethode isoliert betrachtet werden muss.
Hier im Kapitel 4 werden Emissionsquellen mit einer Emissionspunktezahl von 3 und mehr angesprochen.

Fiir simtliche Lagerungsmethoden sind Punktetabellen fiir Emissionskontrollmanahmen (ECM = Emission
Control Measures) erstellt und im Anhang 8.9 - ECM Scorecards for storing liquid and liquefied gas
wiedergegeben. Jede Punktetabelle (Scorecard) liefert Informationen iiber typische ECM fiir gasformige
und/oder fliissige Emissionen und/oder Abfille. Die Tabellen zeigen auch die Emissionspunktezahl fiir jede
potentielle Emissionsquelle.

Anhang 8.9 zeigt, dass ECM fiir vierzehn Lagerungsmethoden fiir betriebliche Emissionen behandelt und
bewertet werden sollen. Dieses Kapitel gibt eine Ubersicht iiber die verschiedenen ECM, die fiir einige bzw. alle
Lagerungsmethoden angewendet werden konnen. Jede behandelte ECM wird - wo moglich - nach folgenden
Kriterien beurteilt:

Beschreibung

Erreichter Vorteil hinsichtlich des Umweltschutzes
Einsatz

Anwendungsbereich

Sicherheitsaspekte
Energie/Abfall/medieniibergreifende Wirkung und
Wirtschaftlichkeit.

4.1.1. ECM-Bewertungsmethodik fur die Lagerung von Flissigkeiten und
verflissigten Gasen

Beschreibung: TETSP (Technical European Tank Storage Platform) hat eine praktische Methodik zur
Bewertung von ECM entwickelt, die hier im Kapitel 4 beschrieben werden; sie dient dazu, zu definieren, welche
ECM oder welche Kombination von ECM bei der Lagerung von Fliissigkeiten und verfliissigten Gasen in einer
bestimmten Situation das beste Ergebnis liefert. Diese Methodik basiert auf dem Prinzip einer risikobasierten
Vorgehensweise zur Auswahl und Beurteilung von Emissionspunkten (siche Kapitel 3), gefolgt von der
Definition der ECM. TETSP entwickelte dieses Werkzeug, weil sie der Auffassung ist, dass innerhalb des
BREF erkannt wird, dass sich nahezu alle Tanks aufgrund ihrer Konstruktion, ihrem Standort und dem
gelagerten Produkt usw. unterscheiden, so dass es faktisch unmoglich wére, flir eine bestimmte Tankart eine
allgemeine BVT zu definieren.

ECM kann technische Mallnahmen und/oder betriebliche Mafinahmen und/oder Managementmalnahmen
bezeichnen. Diese MaBinahmen richten sich nicht lediglich auf abschlieBendeTechniken mit ihren erreichbaren
Emissionen und Kosten, sondern decken auch MafBnahmen wie gute Betriebsverfahren, angemessene Schulung
sowie einwandfreie Wartungsverfahren ab.
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Die Methodologie beruht auf einer Bewertungsmatrix, die zusammen mit Informationen iiber bestimmte
Lagerungsmethoden und ihre wichtigsten Emissionsquellen verwendet wird. Um die wirkungsvollste ECM zu
bestimmen, wird von der Beurteilungsmatrix ein Punktesystem verwendet. Die Punktezahlen beziehen sich auf:

e das Emissionsminderungspotential oder die ,Emissionsminderungseffizienz’ der betrachteten MalBinahme.
Das Punktesystem fiir die mogliche Emissionsminderung der betrachteten ECM ist dabei abhingig vom
Lagertank. Die Wichtungsfaktoren der moglichen Emissionsminderung sind von den Eigenschaften des
gelagerten Produktes und den Standortfaktoren (Ndhe zu Behausungen) usw. abhingig, und miissen
zwischen dem Betreiber und der Genehmigungsbehdrde zu Beginn vereinbart werden.

e Die ,betrieblichen Merkmale’ der ECM, z.B. Einsatz, Anwendungsbereich, Sicherheit und die Aspekte
Energie/Abfall/medieniibergreifende Wirkungen fiir die ECM, wie sie in diesem Kapitel skizziert werden

e Die Wirtschaftlichkeit der ECM, d.h. die Installations- und Betriebskosten der ECM.

Die Beurteilungsmatrix flir einen Schwimmdachtank ist im Anhang 8.11 beispielhaft dargestellt, und im
Anhang 8.11 befindet sich eine vollstindige Erkldrung zum Ausfiillen der Beurteilungsmatrix.

Um die Emissionsquellen einstufen zu konnen, werden in Abhédngigkeit vom Volumen und Hiufigkeit der
Emissionen aus einem bestimmten Tanktyp Punkte vergeben; diese bilden die ECM-Punktetabellen, die fiir alle
in diesem Dokument angefiihrten Tanktypen im Anhang 8.9 angegeben sind. Die Punktezahlen haben nur einen
relativen Wert, da diese Punktezahlen nur dazu dienen, die Emissionsunterschiede innerhalb einer
Lagerungsmethode anzuzeigen. Beispielsweise kann eine Punktzahl von 3 fiir einen Schwimmdachtank nicht
mit der gleichen Punktzahl fiir einen Festdachtank verglichen werden. Nun werden die relevanten
EmissionskontrollmaBBnahmen (d.h. mit einer Punktezahl von 3 oder mehr) in die Beurteilungsmatrix eingesetzt.

Die ECM-Punktetabellen werden nun unabhingig vom gelagerten Produkt erstellt. Der Grund dafiir ist, dass
beim Vergleich der Luftemissionsquellen aus bestimmten Tanktypen, mit dem Ziel die Hauptquellen zu
definieren, die Produktart keinen Einfluss auf die relative Rangordnung der Quellen hat.

Beispiele fiir Situationen der nachfolgenden Art sind im Anhang 8.13 aufgefiihrt:

e Lagerung von 100.000 m’ Rohdl in einem Schwimmdachtank; Anhang 8.13.1.

e Lagerung von 10.000 m’ Naphtha (nicht Benzin) in einem Festdachtank fiir zwei verschiedene
Betriebsbedingungen; Anhang 8.13.2 und Anhang 8.13.3

e Lagerung von 1.000 m’ Acrylnitril in einem Festdachtank; Anhang 8.13.4

e Lagerung von 100 m® Acrylnitril in einem Festdachtank; Anhang 8.13.5.

Die Fallstudien behandeln einen einzelnen alleinstehenden Tank zur Lagerung eines Produkts. In der Praxis
findet man jedoch héufig mehrere Tanks, in denen das gleiche Produkt lagert. In diesem Fall konnte ein
Degressionsgewinn zur Implementierung einer ECM die Kostenauswertung zu dominieren beginnen.
Beispielsweise konnten Berechnungen fiir einen einzigen Tank zeigen, dass BVT dadurch erreicht wird, dass
eine innere Schwimmdecke installiert wird, aber bei 10 Tanks fiir dasselbe Produkt konnte moglicherweise
irgendeine Form der Abgasbehandlung eine wirtschaftlichere MaBinahme zur Erreichung von BVT darstellen.

Anhang 8.11, in dem die Verwendung von Bewertungsmatrizen behandelt wird, zeigt, dass es sich hierbei um
eine iterative Vorgehensweise handelt bis die ECM-Kombination, die den hochsten Punktewert ergibt, BVT
erfiillt. Erfiillt keine ECM-Kombination die BVT-Kriterien oder strengere ortliche Rechtsvorschriften, sollte der
Vorgang durch Verdnderung der Basisdaten neu gestartet werden, z.B. indem der zu lagernde Bestand reduziert
oder die Lagerungsmethode verdndert wird.

Anwendungsbereich: In diesem BREF-Dokument wurde die Methodik der Bewertungsmatrix so entwickelt,
dass sie der Genehmigungsbehorde ein Werkzeug zur Verfiigung stellen kann, mit dem sie ECM, die die BVT-
Bedingungen in einem bestimmten Fall erfiillt, erkennen kann. Dies ist die geeignetste Anwendung der
Methodologie, da das Produkt bereits bekannt sein wird sowie auch die bestimmten Bedingungen Vorort.

Es wird erwartet, dass auch andere Technische Arbeitsgruppen (TWG) diese Methodik anwenden kdnnen, um
zu entscheiden, was normalerweise als BVT fiir Lageraktivititen in einem bestimmten Industriezweig betrachtet
werden wird, obwohl dies in gewissen Maflen variieren wird, wenn bestimmte Umstinde Vorort mit
beriicksichtigt werden.
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Die Methode kann zur Beurteilung von ECM bei einzelnen Tanks als auch bei mehreren Tanks und auch fiir
sowohl alte als auch neue Lageranlagen verwendet werden.

Mehrere Mitgliedstaaten haben jedoch ernste Bedenken zur Anwendung dieser Methode bei
Genehmigungsverfahren zum Ausdruck gebracht, wobei folgende Griinde angefiihrt werden:

e die Methodik ist im Zusammenhang mit Genehmigungsverfahren auf administrativer Ebene noch nicht
praktisch erprobt worden;

e die Methodik ist fiir Genehmigungsbehorden zu komplex

e Dbei diesem Ansatz wiirde die Entscheidung beziiglich BVT vollstindig auf einen Beschluss auf ortlicher
Ebene geschoben werden;

e BREF-Dokumente sollten eine deutliche Beschreibung von BVT geben, und somit werden spezifische
MafBnahmen bevorzugt;

e esist nicht klar, wie die Methode die Zahl Tanks einer Anlage beriicksichtigt, die Ddmpfe emittieren.

4.1.2. Emissionskontrolimallnahmen (ECM) fir Tanks - Allgemeines
4.1.2.1. Tank-Auslegung

Beschreibung: Die Konstruktion einer neuen oder die Nachriistung einer bestehenden Lageranlage fiir einen
bekannte Stoff oder eine Zubereitung ist eine aus mehreren Stufen bestehende Vorgehensweise. Die ersten
Schritte zielen darauf hinaus, alle Lagermethoden zu beriicksichtigen und davon die unbrauchbaren zu streichen.
Diese Streichung basiert im Wesentlichen auf eine umfassende Untersuchung der wichtigen physikalischen und
gefdhrlichen Eigenschaften des Stoffes, dem Bestand der Substanzen, die gelagert werden sollen, sowie den
Betriebsweisen des Tanks.

Im néchsten Schritt werden die fiir die Lagerungsmethode geeigneten ECM analysiert, um zu identifizieren,
welche verfiigbaren Methoden BVT erméglichen wiirden. Erfiillt keine ECM-Kombination die BVT-Kriterien,
sollte der Vorgang durch Veridnderung der Basisdaten neu gestartet werden, z.B. indem der zu lagernde Bestand
reduziert oder die Lagerungsmethode verdndert wird.

Eine ordnungsgemifBe Auslegung muss viele Faktoren beriicksichtigen, dazu gehdren:

e die physikochemischen Eigenschaften des gelagerten Stoffes;

e wie das Lager betrieben wird, welche Messgerite erforderlich sind, wieviel Betriebspersonal benotigt wird
und wie hoch deren Arbeitsbelastung ist;

e wie das Betriebspersonal iiber Abweichungen von den normalen Prozessbedingungen informiert werden
(Alarme);

e wie die Lagerung gegen Abweichungen von normalen Prozessbedingungen geschiitzt ist
(Sicherheitsanweisungen, Absperrsysteme, Druckentlastungseinrichtungen, Leckerkennung und -
riickhaltung usw.)

e welche Ausriistung installiert werden muss, unter weitgehender Beriicksichtigung der Erfahrung mit dem
Produkt (Konstruktionsmaterialien, Ventilqualitit, Pumpentypen usw.);

e welche Wartungs- und Inspektionspldne aufgestellt werden miissen und wie die Wartungs- und
Inspektionsarbeiten erleichtert werden miissen (Zugang, riumliche Anordnung etc.);

e wie mit Notsituationen umzugehen ist (Abstand zu anderen Tanks, zu Anlagen und zur Werksbegrenzung;
Brandschutz; Zugang fiir Rettungsdienste wie Feuerwehr etc.).

Eine praktische Checkliste fiir die Konstruktion eines Produktlagertanks in einer chemischen Anlage ist im
Anhang 8.19 wiedergegeben.

Referenzliteratur: [113, TETSP, 2001] [176, EIPPCB Ineke Jansen, 2004]
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4.1.2.2. Inspektion, Wartung und Uberwachung

In Ubereinstimmung mit nationalen Rechtsprechungen gibt es unterschiedliche Ansitze zur Ausfiihrung von
Inspektionsarbeiten, dazu gehoren:

Behordliche Uberwachung

Beschreibung: Die behordliche Uberwachung ist prinzipiell auf allgemeine KontrollmaBnahmen beschrinkt
und basiert auf:

e interner Kontrolle durch die Firma (Kontrolle durch den Betreiber) und
e Zusatziiberwachung durch amtlich anerkannte Sachverstindige (unabhéngige Dritte)

Das Hauptziel der behdrdlichen Uberwachung besteht darin, sicherzustellen, dass:

e Kontrolle durch den Betreiber und Uberwachung durch Sachverstindige ordnungsgemil ausgefiihrt wird;

o festgestellte Méngel bei diesen Aktivitdten behoben werden, und

e alle Schéden, die nicht ausgeschlossen werden konnen, schnell und zuverlissig auf Firmenebene erkannt
werden, und dass die Betroffenen, einschlielich der Behorden, darauthin vom Betreiber umgehend infor-
miert werden, und wo auch immer erforderlich, behebende Maflnahmen vom Betreiber ausgefiihrt werden.

Demgemil umfasst die behdrdliche Uberwachung im Wesentlichen folgende Aufgaben:

e Bewertung von Anlagen innerhalb des Rahmens der rechtlichen Verpflichtungen von Betreibern beziiglich
Genehmigung und Anzeige;

e Fiihren eines Anlageregisters zur Registrierung von Anlagen und fiir die durch beauftragte Sachverstindige

vorgelegten Inspektionsberichte:

Festlegung und Durchsetzung von Bestimmungen zur Anerkennung von Sachverstindigen

Festlegung wesentlicher Referenzpunkte zur internen Kontrolle durch den Betreiber

Festlegung wesentlicher Referenzpunkte fiir die Uberwachung durch Sachverstindige

Sicherstellen, dass Mingel, die von beauftragten Sachverstindigen erkannt werden, ordnungsgemél

behoben werden;

Herausgabe amtlicher Anordnungen, falls erforderlich;

e Stichpunktartige Uberpriifung von Firmen im Rahmen von amtlichen Inspektionen, die gemiB einem
konkreten Inspektionsprogramm ausgefiihrt werden, in Bezug auf, unter anderem, Umweltmanagement und
die ordentliche Kontrolle von Anlagen durch den Betreiber.

e Festlegung essentieller Bedingungen fiir die Berichterstattung von und den Umgang mit Ereignissen und
schweren Unfillen, durch die Schidden verursacht werden.

Uberwachung durch Sachverstandige

Beschreibung: Die Uberwachung durch amtlich anerkannte Sachverstindige stellt eine unabhingige Inspektion
auf hohem Qualitdtsniveau und eine ausfiihrliche technische Kontrolle dar, die auf folgenden Faktoren beruht:

die eigenen Untersuchungen und Priifungen des Sachverstindigen;

Nachweise und Dokumentationen vorgelegt von Betreibern, Behdrden oder andere kompetente Stellen;
MaBnahmen zur Sicherstellung der Qualitit, der von den Sachverstindigen durchgefiihrten Aktivititen;
Festlegungen durch Behorden.

Das Hauptziel ist sicherzustellen, dass:

e die Anlage und ihre Komponenten ordnungsgeméaf hergestellt und errichtet worden sind;
e die Anlage und ihre Komponenten in einem geeigneten Zustand bleiben;
e mogliche Méngel erkannt werden.

DemgemiB umfasst die Uberwachung durch Sachverstindige im Wesentlichen folgende Aufgaben:
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e erste Beurteilung der Konformitét der Anlage und ihrer Komponenten

e Beurteilung der Konformitét der durchgefiihrten Errichtungsarbeiten;

o regelméBige Beurteilung der Konformitéit der Anlage und ihrer Komponenten gemil3 den Festlegungen der
Behorden;

e Beurteilung moglicher Reparaturmafinahmen,;

e Beurteilung organisatorischer Mafinahmen des Betreibers.

Die Beurteilung der Konformitédt der Anlage und ihrer Komponenten erstreckt sich insbesondere auf all die
Teile, die direkt mit den gelagerten Materialien in Kontakt kommen (z.B. Behélter, Leitungen, Verbundstiicke,
Verbindungsdichtungen, Pumpen) sowie Sicherheitsvorrichtungen  (Leckanzeigen, Uberfiillschutz,
Auffangbereiche) und vorbeugende technische Mainahmen (z.B. versiegelte Flachen bei Befiillvorgéngen).

Interne Kontrolle durch die Firma (Kontrolle durch den Betreiber)

Beschreibung: In Ubereinstimmung mit den Verantwortlichkeiten des Betreibers ist die Kontrolle durch den
Betreiber die technisch intensivste und zeitaufwindigste Form der Uberwachung der Lageranlagen. Die
Uberwachung durch Sachverstéindige und die behdrdliche Uberwachung sind ergidnzend.

Die Kontrolle durch den Betreiber basiert auf:

e der Auslegung, dem Layout und der Bewertung der betroffenen Anlagen;

e cinem aktuellen Anlagenregister;

e aktuellen Betriebsanweisungen und Priifregeln einschlieBlich Service-Warnhinweisen, Alarmen und
Aktionsplidnen sowie geeigneten Hilfsmitteln fiir Ereignisse oder Unfalle, durch die Schaden entstehen.

Das Hauptziel der Kontrolle durch den Betreiber besteht darin sicherzustellen, dass:

e die Anlagen jederzeit sicher sind und die erforderlichen Anforderungen erfiillen;

e UnregelméBigkeiten und Stérungen schnell und zuverldssig erkannt werden;

e Freisetzungen gefahrlicher Stoffe schnell und zuverldssig erkannt und wirksame MaBnahmen ergriffen
werden, wenn unvermeidbare Schiden entstehen, so dass es keinen Grund gibt, negative Auswirkungen auf
die Umwelt zu erwarten.

Demgemél kann die Kontrolle durch den Betreiber folgende Aufgaben beinhalten:

e Eintragung von Anlagen in ein Anlagenregister, das von Fall zu Fall aktualisiert wird;

e Durchfiihrung einer ersten Sicherheitsiiberpriifung, sofern eine solche Uberpriifung noch nicht erfolgt ist,
und noch wichtiger, die Identifizierung der Komponenten der Anlage, die ein besonderes Risiko darstellen
(Schwachstellenanalyse) wie Verbindungselemente, Pumpen, Verbundstiicke, Befiillungs- und
Entleereinrichtungen;

e Vorbereitung und Aktualisierung von Betriebsanweisungen, Priifplénen und Messprogrammen fiir konti-

nuierliche Uberwachung und Service unter Beriicksichtigung der Ergebnisse der Schwachstellenanalyse;

Umsetzung der planméfigen Kontrolle durch den Betreiber;

Dokumentation der Ergebnisse;

Benachrichtigung von Behorden, wo erforderlich;

kontinuierliche Aufzeichnung und Dokumentation von Abweichungen im Betrieb der Anlage von ihrem

vorgesehenen Zweck;

sofortige Behebung von erkannten Mingeln;

e zusitzliche Beauftragung von amtlich anerkannten Sachverstindigen innerhalb der vorgegebenen Zeit-
grenze, wo dies rechtmifBig erforderlich ist;

e sofortige Mitteilung an alle betroffenen Parteien, einschlielich den Behorden, wenn Schiaden entstanden
sind, und Durchfithrung der erforderlichen behebenden MalBnahmen.
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4.1.2.2.1. Risiko- und zuverlassigkeitsbasierte Wartung (RRM)

Die Anwendung von risikobasierten Werkzeugen fiir die Optimierung von Wartungs- und Inspektionsaktivititen
folgt einem weltweiten Trend der Industrie, nach dem vom zeitbasierten Wartungsansatz hinweg zum
zustandsbedingten Ansatz hin libergewechselt wird. Solche risikobasierten Werkzeuge haben sich bereits bei
statischen Raffinerievorrichtungen, z.B. Anlagen, Warmetauscher, Druckbehilter, Rohrleitungen usw. bewihrt.
Unléngst ist erkannt worden, dass solche risikobasierten Werkzeuge auch auf den gesamten Wartungsansatz
konventioneller Lagertanks anwendbar sind.

Die Revision 2003 der EEMUA 159, siche Referenz [166, EEMUA, 2003], enthilt erweiterte Informationen
tiber den RRM-Ansatz, und seine zugrunde liegenden Methodologien kdnnen innerhalb der gesamten
Philosophie der Tankwartung verwendet werden. Bei dem in diesem Abschnitt beschriebenen RRM-Ansatz
handelt es sich um ein Werkzeug zum Aufstellen von Plénen fiir proaktive Wartung und von risikobasierten
Inspektionsplédnen. Der Ansatz basiert auf zwei zugrunde liegende Methodologien: Risikobasierte Inspektion
(RBI = risk based inspection) und zuverléssigkeitsorientierte Wartung (RCM = reliability centred maintenance).

Die Inspektion kann dabei folgende Bereiche beinhalten:

e Aufzeichnungen der Tankdaten

e Analyse der Tanklast (es sollten die Wahrscheinlichkeit eines Tankausfalls und die Konsequenzen eines
solchen Ausfalls ermittelt werden, und durch eine Risikoanalyse sollte sichergestellt werden, dass die
Inspektionsfrequenz dem Gefahrenpotenzial angepasst ist);

Planung;

Verantwortlichkeitsplan;

Ausfiihrung;

nochmalige Priifung.

Bei der Inspektion von voll gekiihlten Tanks, die fliissiges wasserfreies Ammoniak enthalten, muss ein
Kompromiss gemacht werden zwischen der Notwendigkeit, Information iiber den inneren Zustand des Tanks zu
gewinnen und den negativen Auswirkungen, die das Offnen des Tanks mit sich bringt, wodurch thermische
Beanspruchungen und das Eindringen von Sauerstoff verursacht wird. Die Notwendigkeit einer Inspektion
sowie Methode, Art und Umfang der Inspektion miissen deshalb in Abhéngigkeit vom Risiko und von den
Konsequenzen eines Ausfalls bewertet werden. Die Anwendung einer RBI bedeutet, dass diese Faktoren
beriicksichtigt werden konnen, und das Inspektionsprogramm fiir jeden einzelnen Tank bestimmt werden kann.
RBI stellt ein erstes Element der gesamten Inspektionsstrategie flir jeden einzelnen Tank dar, und die
Anwendung einer RBI fiir einen Ammoniaktank erfordert Folgendes:

Ausfallwahrscheinlichkeit

Betriebserfahrung

zusitzliche Spannungen, intern und extern (Absacken, Schneelast oder Ahnliches)

Leck-vor-Bruch Eigenschaften

Rohrverbindungen

Spannungsrisskorrosion

weitere Materialzersetzungsphinomene

Eigenschaften von Platten und Schweifimaterial

Kontrolle vor der Inbetriebnahme

Reparaturen

Verfahren fiir Inbetriebnahme und Wiederinbetriebnahme (Spiilen mit Inertgas, Kiihlgeschwindigkeit).

Konsequenzen eines Ausfalls

e cinwandige Tanks gegeniiber doppelwandigen Tanks
o zusitzliche duBlere Sicherheit (Tankwall oder Tankumwallung)
e Standort des Tanks.

Kugelstrahlen und kathodischer Schutz werden fiir Niedertemperatur-Ammoniaktanks als unerprobte
Technologien betrachtet, und werden somit von der RBI-Bewertung ausgeschlossen.
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4.1.2.2.2. Inspektionen wahrend des Betriebs und wéhrend der Stilllegung

Inspektionen kdnnen als regulédr wihrend des Betriebs oder als reguldr wéhrend einer AuBerbetriebnahme
kategorisiert werden. Eine Inspektion wihrend des Betriebs kann einfach sein, ein regelmiBiger
Inspektionsgang um den Tank herum mit einer Checkliste (siehe International Codes, z.B. API RP 575, Anhang
C). Bei einer Inspektion wihrend der AuBerbetriecbnahme handelt es sich um eine detaillierte Inspektion der
gesamten Tankstruktur anhand einer standardisierten Checkliste (siehe International Codes, z.B. API RP 575,
Anhang C), (EEMUA N° 183, 1999) und wird nachfolgend besprochen.

Es wird héufig eine Inspektionshierarchie verwendet, bei der Zahlen die Ausfiihrlichkeitsebenen anzeigen, z.B.:

e routineméBige Inspektionen
e externe Inspektionen wéhrend des Betriebs
e interne Inspektionen bei AuBerbetriebnahme.

Bei allen Inspektionsarten wird besondere Aufmerksamkeit solchen Bereichen gewidmet, wo die
Lagerungsaufgabe oder die Tankbauweise das Risiko eines Lecks erhohen konnten. Isolierte Tanks
beispielsweise werden auf in die Isolierung eindringende Feuchtigkeit gepriift, wodurch die Gefahr von
Tankkorrosion erhoht wird.

Routineméafiige I nspektionen

Beschreibung: Das Betriebspersonal besucht hdufig die unter ihrer Kontrolle stehenden Tanks. Sie sollten
aufmerksam auf jegliche Anzeichen von Abweichung oder Verdnderungen am Tank oder seiner Umgebung
achten, insbesondere Lecks oder Anzeichen fiir Uber- oder Unterdruck sowie fehlerhafte Hilfsvorrichtungen wie
Ablaufe oder Dachleitern. Normalerweise existiert ein Verfahren, nach dem der Bediener diese Beobachtungen
aufzeichnen und an den Priifingenieur zwecks weiterer Bewertung weiterleiten kann.

Durch hiufige Beobachtungen werden normalerweise schnelle Zustandsverdnderungen erkannt, langsame
dagegen nicht; oder man ist sich nicht bewusst, dass es sich bei bestimmten Zustinden um normale Praxis
handelt. Die Auswirkungen langsam sich verdndernder Zustinde werden eher durch detaillierte
Inspektionspriifungen beobachtet.

I nspektionen wahrend des Betriebs

Beschreibung: Die Inspektion eines Tank wihrend des Betriebs beinhaltet im Grunde genommen eine Priifung
der betrieblichen und inspektionsméfigen Geschichte des Tanks, gefolgt von einem Rundgang um den
Tankwall und dann um das Tankfundament herum, und anschlieBendem Besteigen der Tankleiter um das Dach
zu inspizieren. Diese Inspektionen sind normalerweise organisiert und werden vom Standort-
Inspektionsingenieur geleitet, es hat aber Vorteile, wenn Personal aus den Wartungs- und Betriebsgruppen
Vorort beteiligt ist.

Waihrend einer Inspektion im Betriebszustand werden der Tank und die Hilfsvorrichtungen auf Anzeichen von
Abbau oder Verdnderungen seit der letzten Inspektion inspiziert. Durch solche Inspektionen werden potenzielle
Probleme erkannt, bevor sie die Moglichkeit haben ernster zu werden, und kennzeichnen Wartungsarbeiten, die,
wenn sie frith ausgefiihrt werden, spitere umfangreichere Arbeiten vermeiden. Die Inspektion zielt auch darauf
hinaus, fehlerhafte Sicherheitsvorrichtungen zu erkennen, wie verstopfte Entliiftungen oder Ablésse, defekte
Leitern oder beeintrdachtigte Tankwélle. Bei einer ordnungsgeméBen Inspektion wird jede Leckage aus dem
Tankkorper oder vom Tankboden beobachtet und die Signifikanz bewertet. Verinderungen im Lackzustand
konnen beobachtet und registriert werden.

Die Inspektion beinhaltet normalerweise auch eine Priifung des Tankwalls sowie aller Geréte innerhalb des
jeweiligen Tankwalls, sowie auch der Hauptstruktur des Tanks, sdmtlicher angeschlossener Rohrleitungen,
Pumpen, Ventile usw. Um Unfille zu vermeiden, sollte der Zugang zum Tank nachweislich sicher sein. Das
Tankdach wird besichtigt, einschlieBlich Dachdichtungen, Abliufen, Uberdruck-/Unterdruckvorrichtungen,
Leitern usw. Ferner wird der Zustand der Dach- und Tankkorper-Beschichtungen begutachtet.

IJ/EIPPCB/ESB_BREF_FINAL Januar 2005 117



Kapitel 4

An vielen Standorten befindet sich eine gro3e Anzahl Tanks, die gepriift werden miissen; in solchen Situationen
wird die Aufgabe zur Routine und kann ermiidend werden. Um die daraus resultierenden Probleme zu
vermeiden, empfiehlt es sich, dass die Inspektion wihrend des Betriebs anhand einer Checkliste durchgefiihrt
wird, wodurch eher gewéhrleistet wird, dass alle relevanten Faktoren beobachtet werden. Die EEMUA
Publikation 159 enthilt eine solche empfohlene Checkliste.

In Abhéngigkeit vom optischen Zustand des Tanks und der Inspektionsgeschichte, kann die routinemifBige
Inspektion um eine Ultraschallpriifung der Tankkorper-Wanddicke sowie durch eine akustische
Emissionspriifung des Tankbodens erweitert werden. Beide Techniken konnen bei geeigneten
VorsichtsmaBBnahmen an einem in Betrieb befindlichen Tank ausgefiihrt werden.

Priifungen der Zusatzeinrichtungen der Rohrleitungen kdnnen ebenfalls durchgefiihrt werden. Kathodische
Schutzsysteme konnen gepriift werden. Es ist normale Praxis, dass die ordnungsgemifie Funktion sdmtlicher mit
dem Tank im Zusammenhang stehender Instrumente gepriift und schriftlich dokumentiert wird.

Einige Inspektionstechniken konnen verwendet werden, um den inneren Zustand des Tanks von auflen zu
priifen, beispielsweise akustische Emissionen und fernwirkende Ultraschallmessungen (long range ultrasonic
testing) an der ringformigen Leitung (LORUS). Durch diese Techniken werden jedoch die Bodenplattendicken
nicht ermittelt, aber es ist moglich eine Prioritdt unter Tanks einer Tankgruppe, die das gleiche Produkt
enthalten, festzulegen.

Bei niedriger Temperaturlagerung (Ammoniak) sollte das beriihrungslose Inspektionsverfahren fiir die interne
Priifung auf ,Spannungsrisskorrosion’ bei -33 °C anwendbar sein.

I nterne | nspektionen bei AufRerbetriebnahme

Beschreibung: Eine Inspektion bei AuBerbetriebnahme ist die wichtigste Moglichkeit zu bestétigen, dass sich
ein Tank fiir eine vorgegebene Zeit im betriebsfdhigen Zustand befindet. Der Tank und die Zusatzeinrichtungen
werden dabei beurteilt, wie sie seit der letzten wichtigen Auferbetriebnahme-Inspektion stand gehalten haben,
und es werden auszufiihrende Arbeiten bestimmt, durch die der Tank wieder in einen guten Zustand gebracht
wird. Die Priifung bestétigt ferner, dass der Tank wieder sicher in Betrieb genommen werden kann, und
prognostiziert, iiber welch einen Zeitraum der Tank in Betrieb bleiben kann bis eine neue AuBerbetriebnahme
erforderlich wird.

Eine komplette AuBerbetriebnahme, bei der der Tank zwecks Inspektions- und Wartungsarbeiten isoliert, von
Gas befreit und gereinigt wird, stellt fiir einen Standort eine umfangreiche Arbeit da und muss sorgfiltig geplant
werden, damit keine unnotigen Unterbrechungen im Betrieb und unnétige Ausgaben entstehen. Die EEMUA
Publikation 159 beschreibt einen risikobasierten Ansatz zur Entwicklung von Inspektionspldanen. Das Intervall
zwischen den Inspektionen fiir einen bestimmten Tank beriicksichtigt normalerweise folgende Faktoren:

betreffende verbindliche Anforderungen

Erfahrungen der Firma und der Industrie mit der jeweiligen Tankart
die Betriebsbedingungen des Tanks

die Inspektions- und Betriebsgeschichte des Tanks.

Nachdem der Tank gedftnet, von Gas befreit und gereinigt wurde, kann der Tank betreten werden, und der
Korper, das Dach, der Boden, die inneren Abldsse usw. konnen inspiziert werden. Eine Betrachtung des
Innenkdrpers und -daches ergibt eine viel bessere Moglichkeit, ortlichen Abbau festzustellen als wihrend einer
duBeren Prifung. Sehr sorgfiltig sollten kleine Stellen oder Bereiche mit tiefer Korrosion oder
Korrosionsnarben/korrosive Anfressungen im Tankkorper untersucht werden, insbesondere wenn es sich dabei
um vertikale Furchen handelt, oder um Stellen, die sich im Laufe der Zeit in Furchen weiterentwickeln konnten.

Der Boden kann nur dann physikalisch untersucht werden, wenn der Tank leer und sauber ist. Eine visuelle
Priifung kann durch Abtasten des Bodens mittels Magnetfluss-Kernmessung oder durch ein Ultraschallgerét
prézisiert werden. Beide Priifungen liefern Information iiber den Zustand der unteren Bodenseite. Von vielen
Firmen wird die ehemals gingige Praxis, Bodenplatten zu schneiden, um die Unterseite des Bodens beurteilen
zu konnen, nicht mehr durchgefiihrt. Durch die neueren Priifmittel wird diese Vorgehensweise als veraltet
angesehen, durch die eine jetzt unnotige Gefahr vermieden wird.
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Durch eine visuelle Priifung kann die Giiltigkeit jeder durch akustische Emission ermittelten Diagnose bestétigt
werden. Beobachtungen und Schlussfolgerungen, die wahrend einer Inspektion bei einer AuBerbetriebnahme
gemacht werden, werden normalerweise prizise in einer geschichtlichen Aufzeichnung des jeweiligen Tanks
festgehalten. Diese Aufzeichnung liefert viele Informationen dariiber, wie die Wartungszeiten nach Prinzipien
von Risiko und Zuverléssigkeit (RRM) eingerichtet werden sollten.

Einsatz: Inspektionsarten sind direkt mit Lagerungsarten verbunden. AuBere Inspektionen des Korpers stellen
keine Probleme dar. Bodeninspektionen bei stehenden Lagertanks werden meistens dann ausgefiihrt, wenn der
Tank aufler Betrieb genommen ist, und nur von oben. Verschiedene Inspektionsarten sind in EEMUA 159/183
usw. aufgefiihrt.

Anwendungsbereich: Das Prinzip der Inspektion/Wartung gilt fiir alle Arten Lagertanks.

Sicherheitsaspekte: Diese sind abhédngig von der Produktart, der Lagermethode und der Art der ausgefiihrten
Inspektions-/Wartungsarbeiten. Das Betreten eines Tanks auf, unter und innerhalb von Schwimmdéchern sollte
streng liberwacht werden, und Unfille sind durch zusétzliche Sicherheitsmanahmen zu vermeiden.

Energie/Abfall/medienliber greifende Wirkungen: Beim Ablassen, Reinigen und Sandstrahlen eines Tanks
entstehen Abfille. Bei voll gekiihlten Tanks, die fliissiges wasserfreies Ammoniak enthalten, ist bekannt, dass
das Offnen des Tanks zu Inspektionszwecken das Potenzial fiir ,Spannungsrisskorrosion’ erhohen konnte.

Wirtschaftlichkeit: Die erforderlichen Kosten sind mittel bis hoch, mit einigen wenigen Ausnahmen (z.B.
visuelle Inspektion).

Referenzliteratur: [86, EEMUA, 1999] [175, TWG, 2003]

4.1.2.2.3. Uberwachung

Beschreibung: Ein 