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APl ENVIRONMENTAL, HEALTH AND SAFETY MISSION
AND GUIDING PRINCIPLES

API 3RS, L ZeMa kiR

The members of the American Petroleum Institute are dedicated to continuous efforts to improve
the compatibility of our operations with the environment while economically developing energy
resources and supplying high quality products and services to consum- ers. We recognize our
responsibility to work with the public, the government, and others to develop and to use natural
resources in an environmentally sound manner while protecting the health and safety of our
employees and the public. To meet these responsibilities, APl members pledge to manage our
businesses according to the following principles using sound science to prioritize risks and to
implement cost-effective management practices:

APl CEEfFM2) R BUT T AN SS ) e A TR A SR AR, R Iy O T & Be st
[ P SR UL B0 i 5 g5 o BATTRSN B SR DHERS S A Ak BUF AL ILERRT &1, BLICFH MK
T RO A BRI, RN ORI IRAT R T8 AR R S 224, i, API SR U LU FERF I
T3 AT RS VA I S2AT A RIS 4 BE,  $E R DU T BT 55«

‘To recognize and to respond to community concerns about our raw materials, products and
operations.

/A EL L NI RS 3 (57 e LTF S B 1 SRR 1 | A

- To operate our plants and facilities, and to handle our raw materials and products in a manner that
protects the environment, and the safety and health of our employees and the public.

- BAERY BT LR 53 T A AR 22 A BT 30N, B AT TR B 5 0 I Ak BELBAT T 18 JsURE AT o
-To make safety, health and environmental considerations a priority in our planning, and our
development of new products and processes.

- SAERRATT BRI B o 2R R, T A AR M R A

- To advise promptly appropriate officials, employees, customers and the public of information on
significant industry-related safety, health and environmental hazards, and to recommend protective
measures.

RPN ARG E R A RS e, BENLMNEAAOCE T R HPBURA R, RN
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-To counsel customers, transporters and others in the safe use, transportation and disposal of our
raw materials, products and waste materials.

RS TIRATH SR, P R, E R sy KAV Rt ] a8 LA B L
- To economically develop and produce natural resources and to conserve those resources by
using energy efficiently.

- ERTEHTTRANE S FARBER, T eI A AT ROM F R AR X L B8

‘To extend knowledge by conducting or supporting research on the safety, health and
environmental effects of our raw materials, products, processes and waste materials.

- SLEN TR ACZRFRATHIEORE, iy 2RI 22 4s . AR IABE S g, Ky KA .
- To commit to reduce overall emissions and waste generation.

- SRV HESU S R A

- To work with others to resolve problems created by handling and disposal of hazardous
substances from our operations.

- HHIETTEE, DUARIRAE AL B A B T 35 48 = AE A 6 it i L B ) AL

- To participate with government and others in creating responsible laws, regulations and standards
to safeguard the community, workplace and environment.

- HS HBUN SIS T EE A SR LA MR dE, DAORBEALIX . T IR 4.

- To promote these principles and practices by sharing experiences and offering assistance to
others who produce, handle, use, transport or dispose of similar raw materials, petroleum products
and wastes.
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SPECIAL NOTES 4353758

API publications necessarily address problems of a general nature. With respect to particular
circumstances, local, state, and federal laws and regulations should be reviewed.

APL BT SRR BRSSP IR 0 KRy s I DI, ERIFTT IS« PNATBCHS BURF (R A R

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and
properly train and equip their employees, and others exposed, concerning health and safety risks
and precautions, nor undertaking their obligations under local, state, or federal laws.

AP BEARIH JE = L i3 7 A I s o) e D3 L B 5 N B A 22 e i e XSG B 3 ) it 7y T i
ATIE MR TR U S B A I DA, AR T N EIBEFRIE A HRI 1 55

Information concerning safety and health risks and proper precautions with respect to particular
materials and conditions should be obtained from the employer, the manufacturer or supplier of that
material, or the material safety data sheet.

L5 AR DU 5 0 B 224 KUK A TR A5 S, I AR 2« e vy b L AL I e bR, B
LN R S o C RS G

Nothing contained in any API publication is to be construed as granting any right, by implication or
otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by letters
patent. Neither should anything contained in the publication be construed as insuring anyone
against liability for infringement of letters patent.

FEAT APL RS BT 0 55 AT AT 928, FRANAAERE D LA 7S el P Ty AUl . 1 B
LRRFVRIET T w2 75 A Bs™ o HUCA) P T 5 AT A B AN R N PRAEAE T A AN
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Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five
years. Sometimes a one-time extension of up to two years will be added to this review cycle. This
publication will no longer be in effect five years after its publication date as an operative API
standard or, where an extension has been granted, upon republication. Status of the publication can
be ascertained from the API Manufacturing, Distribution and Marketing Department [telephone (202)
682-8000]. A catalog of API publications and materials is published annually and updated quarterly
by API, 1220 L Street, N.W., Washington, D.C. 20005.
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This document was produced under API standardization procedures that ensure appropriate
notification and participation in the developmental process and is designated as an API standard.
Questions concerning the interpretation of the content of this standard or comments and questions
concerning the procedures under which this standard was developed should be directed in writing
to the director of the Manufacturing, Distribution and Marketing Department, American

Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to
reproduce or translate all or any part of the material published herein should also be addressed to
the director.

AR H AP FRUERE S gmfI),  [RIAESE T2 2 il Ot [ R s WA, L[R2 5l gk 4
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API standards are published to facilitate the broad availability of proven, sound engineering and
operating practices. These standards are not intended to obviate the need for applying sound
engineering judgment regarding when and where these standards should be utilized. The
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formulation and publication of API standards is not intended in any way to inhibit anyone from using
any other practices.

FEA M2 (AP FRUER R AT R T T2 SR IA AR A7 TREHOR MR ET 7. IR bRk
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Any manufacturer marking equipment or materials in conformance with the marking requirements
of an API standard is solely responsible for complying with all the applicable requirements of that
standard. API does not represent, warrant, or guarantee that such products do in fact conform to the
applicable API standard.

FEATHIE ST & AP ARAERR ISR K ¥eas S APRHIE B, 22 8 CA DTSy bR A (10 T 7 H 22
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All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, without
prior written permission from the publisher. Contact the Publisher, API Publishing Services, 1220 L
Street, N.W., Washington, D.C. 20005.
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Street, N.W., Washington, D.C.20005
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FOREWORD Hi&

This standard covers the normal and emergency vapor venting requirements for aboveground liquid
petroleum storage tanks and aboveground and underground refrigerated storage tanks designed for
operation at pressures from vacuum through 15 pounds per square inch gauge (1.034 bar gauge).
Discussed in this standard are the causes of overpressure or vacuum; determination of venting
requirements; means of venting; selection, installation, and maintenance of venting devices; and
testing and marking of relief devices.

BRI G T AR N SR T A28 SR, @ T A it o S bR
A RE, Yok IS NS 31 15 B5/ARFT )7 9e~] 385 (1.034 bar &) . AbrifEif e 1 s s LS 1Y
JRPR: GEAESRE s WA WU ERIERE. 2 MAERE LGOIk B BRI RN .

This standard has been developed from the accumulated knowledge and experience of qualified
engineers in the petroleum-processing industry and its related industries. The vapor venting
requirements in this standard are based on studies using hexane. Intended for petroleum products,
this standard may be applied to other materials; however, sound engineering analysis and judgment
should be used whenever this standard is applied to other materials.

AR AR A N AT MY S JLAR AT MY A B R AR ITAR 2 0 SR L 256 i ol 72 1Y) o Al o 2%
AR T E QAT WIS BAEM A i, AruEd T U ICE el SR, 24
AFRETE F] T- L e WPRHN N HEA T BRI TR 20 B A0 A1

Engineering studies of a particular tank may indicate that the appropriate venting capacity for the
tank is not the venting capacity estimated in accordance with this standard. The many variables
associated with tank venting requirements make it impractical to set forth definite, simple rules that
are applicable to all locations and conditions. Larger venting capacities maybe required on tanks in
which liquid is heated, on tanks that receive liquid from wells or traps, and on tanks that are
subjected to pipeline surges. Larger venting capacities may also be required on tanks that use
flame arresters or have other restrictions that may build up pressure under certain conditions.

X E A AW AT RE R B, 3 S IR T RUBE ) P AN R AL AR e B AL S 3 R RE T .
L i R SR SR () 1 22 AR A o — NS T AT 6 B S ARG, BRI SR S R ) i AN
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RE T LK RE ST -

This standard does not apply to external floating roof tanks or free vented internal floating roof tanks.
AHRUEANIE T A7 TGTRERT I p 2 R A V7 TR

API publications may be used by anyone desiring to do so. Every effort has been made by the
Institute to assure the accuracy and reliability of the data contained in them; however, the Institute
makes no representation, warranty, or guarantee in connection with this publication and hereby
expressly disclaims any liability or responsibility for loss or damage resulting from its use or for the
violation of any federal, state, or municipal regulation with which this publication may conflict.

FEAT T SN HR AT LM ] APL RIS o 7o DR R S5 ) ARl th e i Rk EAf vl 5, (H 22
XTI RN F2 5k s ARORERORAIE, 55 1 B 4 8 R AT A DRI A AR o4 17 3 ol PR 40 2 Bt
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Suggested revisions are invited and should be submitted to the director of the Manufacturing,
Distribution and Marketing Department, American Petroleum Institute, 1220 L Street, N.W.,
Washington, D.C. 20005.

KGBER MBI R, B kg AP . AT 9 B BRI 24, Tl 5 Hhl: 12201 street, N.W,
Washington, D.C.20005.
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IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS OR ALTERNATIVE
MATERIALS

KTEAAHRBLEMBHERRGR

Asbestos is specified or referenced for certain components of the equipment described in some API
standards. It has been of extreme usefulness in minimizing fire hazards associated with petroleum
processing. It has also been a universal sealing material, compatible with most refining fluid
services.

AR A LEAPIER AE T 51 T £ TR 8 S I8 8 B S 5 MR o A R A B KRR B M B AL 5 4 b hn T AH
KPR I SERGYETT AT, B se — M5 R 2 HORS i A4 I HAH 25 16 38 H %35 B0 Ak

Certain serious adverse health effects are associated with asbestos, among them the serious and
often fatal diseases of lung cancer, asbestosis, and mesothelioma (a cancer of the chest and

abdominal linings). The degree of exposure to asbestos varies with the product and the work
practices involved.

AR R AN R RS T F AN R, b ™ ) S L S B B A e A A )
Bese T Mg ) o BRAAT R AR S DAL 7 i R O A S Bk T 5

Consult the most recent edition of the Occupational Safety and Health Administration(OSHA), U.S.
Department of Labor, Occupational Safety and Health Standard for Asbestos, Tremolite,
Anthophyllite, and Actinolite, 29Code of Federal Regulations Section 1910.1001;the U.S.
Environmental Protection Agency, National Emission Standard for Asbestos, 40 Code of Federal
Regulations Sections 61.140 through 61.156; and the U.S. Environmental Protection Agency (EPA)
rule on labeling requirements and phased banning of asbestos products (Sections 763.160-179).

WS LU W57 Tk e 4 DA F RN SR A A B INA AR BN AT M B AT
RIBRND 224> 5 T AEARUE” (BRI 552955 551910.1001 15 ) 36 [E BRBE (R 7 32 1 A b HE i 1 28 b v
CER VAR 407 5561.140~ 61.156 717D LA 52 [EIIABE R4 B0 A K 7 i AR TR LRk 5 s ARAE R
E (45763.160-17971) .

There are currently in use and under development a number of substitute materials to replace
asbestos in certain applications. Manufacturers and users are encouraged to develop and use
effective substitute materials that can meet the specifications for, and operating requirements of, the
equipment to which they would apply.

H A 112 QSRR T IR AL, T RO L N A (48 o s il s v A ok
TFRIAL A AR R, AR5 G 2Ln) GETE H B a6 e S AR 2K
SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR PRODUCTS OR

MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER OR
SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE MATERIAL SAFETY DATA SHEET.

RTREE 7 i BRI 224 AR B B, AR %™ SO R i i ml 1k B P AR SRI, B A
MR R h 13 2.
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1A IEFEAESK CRR/ NN RERIOA SR BT A i SCFH)
A. English Units 2| 8407
1B Normal Venting Requirements (Nm3/hr of Air per Cubic Meter per Hour of Liquid Flow)
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Venting Atmospheric and Low-Pressure Storage Tanks # E-S{KE#RERES

0 Introduction 5|5

The venting requirements provided in this standard are based on studies of hexane stored in steel
tanks. Sound engineering judgment should be applied when extrapolating these results to other
liquids and nonmetallic tanks.

ASKr e B SR AL AR BRI TR A AR AN e G b BRI . W SRIX LI FT RN+ He i
PRANARE G R B TR, NAE & B0 R Bt o

Detailed engineering studies of a particular tank and its operating conditions may indicate that the
appropriate venting capacity for the tank is not the venting capacity estimated in accordance with
this standard. If a tank’s operating conditions could deviate from those used in developing this
standard, detailed engineering studies should be performed.

X TE B M LB S A VR A0 B v 5T T B3 W it 5 0 P T U B8 ) IR AN R RS AR v P A v
HR I SRE ST o AR — M A HR A 2 1y T SE H) T A e R A 220, I N A T TR
TR BT S

1  Scope {5 H

This standard covers the normal and emergency vapor venting requirements for aboveground
liquid petroleum or petroleum products storage tanks and aboveground and underground
refrigerated storage tanks designed for operation at pressures from vacuum through 15 pounds per
square inch gauge(1.034 barg). Discussed in this standard are the causes of overpressure or
vacuum;determination of venting requirements; means of venting; selection, installation, and
maintenance of venting devices; and testing and marking of relief devices.

Kb A T B IS NGRS 15 B5AP 7 98 ROGR S (1.034 LR A Byt il g vl i ik
R LA S i B L A P L MBS B AR TR K o AR B i i s P S PR L SR P
B~ A7 AR IR 22 YRS DL B B I A AR I AT T e

2 References %% {1

Unless otherwise specified, the referenced sections of the most recent editions or revisions of the
following standards, codes, and specifications shall, to the extent specified herein, form a part of
this standard.

BRAE A RE, WL FRAE . KGRI D (1) B8 iR ERAE TR IR 23 2% B35 0 AR SR e ()96 ] P
SEABRE) — 53

2.1 STANDARDS F5ift

API SE[E A2
Std 620 Design and Construction of Large, Welded, Low-Pressure Storage Tanks
Std 620  RAUEAR A e A e v T
Std 650 Welded Steel Tanks for Oil Storage
Std 650 AW AT A i
Std 2510 Design and Construction of Liquefied Petroleum Gas (LPG) Installations
Std 2510 LA I A Bt ) BE TS L
ASME'  E[ENU LRI
PTC19.5 Fluid Meters: Interim Supplement on | struments and Apparatus, Part II-“Application”
PTC 19.5 ¥ifvh: DGRANRE Ml a4 Eve, 2 11— Hl i
PTC 25 Pressure Relief Devices it/ % %
Boiler & Pressure Vessel Code, Section VIII, Division 1, Rules for Construction of

10 7L, Jh81 T
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Pressure Vessels )/ S Ik JJ 22808, 26 VI 58 1, K ) 28 28 il ik v )

2.2 OTHER REFERENCES H.'& &%

API

RP 520 Sizing, Selection, and Installation of Pres sure-Relieving Devices in Refineries, Part
I—“Sizing and Selection”

RP 520 IS Y 9 R N AN N AN i t RS - SR N1 AN 7 7 RSBV

RP 521 Guide for Pressure-Relieving and Depressuring Systems
RP 521 Tk S MRk s 2R S 46 H
RP 576 Inspection of Pressure-Relieving Devices

RP 576 it 2 A 56

Publ 2210  Flame Arresters for Vents of Tanks Storing Petroleum Products

Publ 2210 Al b A I~ 1 B K 2%

RP 2350 Overfill Protection for Petroleum StorageTanks

RP 2350 Ayl it iy ied 28 7 s 4

Bull 2521 Use of Pressure-Vacuum Vent Valves for Atmospheric Pressure Tanks to Reduce
Evaporation Loss

Bull 2521 1 I Aift i Aat ) s g - 2035 HE I DARRAIR 28 A 10k

3 Definition of Terms AKif & X
For the purposes of this standard, the following definitions apply: Pl K 5& & H T Ahrf:

3.1 accumulation: The pressure increase in a tank over its maximum allowable working pressure
when the vent valve is relieving(expressed in pressure units or percentage of the maximum
allowable working pressure). Maximum allowable accumulations are typically established by
applicable codes for operating and fire contingencies.

FRBEET: =R N i e v s g Ok e dse K eV CAE B ) CFH S g Ay sl R S VF AR s
T A R IR) . B R AVFBUR s Jpl 8 B AR HER e, T ER B N &

3.2 Dbarrel: Aliquid unit of measure equal to 42 US gallons (0.159 cubic meters).
W — PR AT AL, AT 42 US e (0.159 5K

3.3 BTU: British Thermal Unit, a unit of heat that will increase the temperature of one pound of
water one degree Fahrenheit.

BTU: J&[E Ay, 1BTU Hiet—mEK KT 1 A R P s i #

3.4 emergency venting: The venting required when an abnormal condition, such as ruptured
internal heating coils or an external fire, exists either inside or outside of a tank.

3.5 nonrefrigerated tank: A container that stores material in a liquid state without the aid of
refrigeration either by evaporation of the tank contents or by a circulating refrigeration system.
Generally, the storage temperature will be close to or higher than ambient temperature.

AR wE: ol i L B A A AR PR Ve R GV RAF B S R s o

3.6 normal venting: The venting required because of operational requirements or atmospheric
changes.
EWES: PIRAETT e A T 1

3.7 overpressure: The pressure increase at the valve inlet above the set pressure, when the
valve is relieving, expressed in pressure units or as a percentage of the set pressure. It is the
same as accumulation when the valve is set at the maximum allowable working pressure and the
inlet piping losses are zero.

Fa1 L, ksl
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R YRRCTREUN, BTIN DAR 8 ORI BEE T T, R D Ay e v s I oy LR R
IR O TR R SRV AR 3 9F E N G R A Fn, e 5RUER R I AR

3.8 petroleum: Crude oil.

3.8 AWM JEu;

3.9 petroleum products: Hydrocarbon materials or other products derived from crude oil.
3.9 eSSl AR B AR SR A T

3.10 PV valve: A weight-loaded, pilot-operated, or spring- loaded valve, used to relieve excess
pressure and/or vacuum that has developed in a tank.

3.10 WRRR: —FHEATEL So T et BT, AT R RE R R R T R e

3.11 rated relieving capacity: The flow capacity of a relief device expressed in terms of air flow at
standard conditions (SCFH or Nm3/h) at a designated pressure or vacuum.

3.11 FEMiBE: EAAELIE(SCRH B0 Nm3/h). Wil st 58, LSRR s i
B HE WA
3.12 refrigerated tank: A container that stores liquid at a temperature below atmospheric

temperature with or without the aid of refrigeration either by evaporation of the tank con- tents or by
a circulating refrigeration system.

3.12 H[AfERE: —FhERRR L NE MBS YIRS, R AR W] RUAS SR H B 9 P A B
IR RGO o

3.13 relief device: Any device used to relieve excess pressure and/or vacuum that has developed
in a tank.

3.13 WMEAREEE . HI TR N B R R s L i R

3.14 relieving pressure: The pressure at the inlet of a relief device when it is flowing at the
required relieving capacity.

3.14 MWHEHESy: fEERIMERT, WBCk B E ),

3.15 required flow capacity: The flow capacity of a relief device required to prevent excessive
overpressure or vacuum in a tank under the most severe operating or emergency conditions.

3.15 ESRHIVE: B il AE i 20 3 A 2 R R U DL il R I BB LA, ke B
SRR -

3.16 SCFH: Standard cubic feet of air or gas per hour(same as free air or free gas) at a
temperature of 60°F(15.6°C) and a pressure of 14.7 pounds per square inch absolute (1.014 bar
absolute).

3.16 SCFH: 7f 60°F(15.6°C)[fIiEL R 14.7Ib/in?(1.014barg) I f R, /N bRy 5 35 R i) 5K,
SR (5 AR D

3.17 Nm3/h: Normal cubic meters of air or gas per hour at a temperature of 0°C and pressure of
1.014 bar.

3.17 Nm3/h: £ 0°C J& A1 1.014bar K /1 K, bRdEST 7K a3 ek Sk

3.18 set pressure: The gauge pressure at the device inlet at which the relief device is set to start
opening under service conditions (measurable lift begins).

3.18 BEES: FEBITHRMT, MHBCEENITHOITIT A DERE OATHGTHER ).

3.19 thermal inbreathing: The movement of air or blanketing gas into a tank when vapors in the
tank contract or con-dense as a result of weather changes conditions (e.g., a decrease in
atmospheric temperature).
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3.19 A i FRAIRDMIARA (ISR L AT B0 A T 8 B ke, Al sl
B IRYVARRE B E

3.20 thermal outbreathing: The movement of vapors out of a tank when vapors in the tank
expand and liquid in the tank vaporizes as a result of weather changes (e.g., an increase in
atmospheric temperature).

3.20 #IEH: T RACRGLHIARAL (O InIASE IR B T D 5 EURE N SR NIZ IR AR YL, 5281
BITAETE

3.21 wetted area: The surface area of a tank exposed to liquid on the interior and heat from a fire
on the exterior.

3.21 VHERTHAR: P BRI A0S 52 2 K e AR R IS 0 53 A R T T AR

4  Nonrefrigerated Aboveground Tanks JE&IAHE 4

4.1 GENERAL #tid

This section covers the normal and emergency venting requirements for nonrefrigerated
aboveground liquid petroleum or petroleum products storage tanks. Discussed in this section are
the causes of overpressure or vacuum ; determination of venting requirements;means of
venting;selection, installation, and maintenance of venting devices; and testing and marking of relief
devices.

ARATALHE T AR b B A Vb it B A Yk ol A B RN VR O R I AR R . AT T
AR R a LS R A AR R . TR VA AR E HE PR, e S YRy DL AR R S A
Hkrid.

4.2 CAUSES OF OVERPRESSURE OR VACUUM #BEMEZ K R K

4.2.1 General iR

When the possible causes of overpressure or vacuum in a tank are being determined, the following
circumstances must be considered:

PEAE fift AR S s S R R AT, — i B B LU LA

a. Liquid movement into or out of the tank.

WA N At

. Tank breathing due to weather changes (e.g., pressure and temperature changes).
A RAARA ()0 s PR B AR A D 5 S ) i PR

c. Fire exposure.

C. KK I

d. Other circumstances resulting from equipment failures and operating errors.

d. B AR R T R B L E S O

Some of these circumstances are described more fully in Sections 4.2.2 through 4.2.5.There may
be additional circumstances that should be considered by the designer but are not included in this
standard.

(E 4.2.2-4.2.5 RIS FANLEATIEAIN . WA S LI, (B AR
[H2 1.

4.2.2 Liquid Movement Into or Out of a Tank &4 H N\ fitsfE

Inbreathing will result from the outflow of liquid from a tank. Outbreathing will result from the inflow
of liquid into a tank and from the vaporization, including flashing of the feed liquid, that will occur

pesil

o o o
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because of the inflow of the liquid. Flashing of the feed liquid can be significant for feed that is near
or above its boiling point at the pressure in the tank.

WA A S BN o AR EREA L (AR IEERRRRIINZS) 2 P . W R
el sl T REN R ) R L RO, BERL TN 28 25 EEA T i

4.2.3 Weather Changes X5254k

Inbreathing will result from the contraction or condensation of vapors that is caused by a decrease
in atmospheric temperature or other weather changes, such as wind changes, precipitation, etc.
Outbreathing will result from the expansion and vaporization that is caused by an increase in
atmospheric temperature or weather changes (thermal breathing).

AR B e R i BRI A, Sl AR 4 sl it 2 BB RN o T3R5
JETH s e R, SRR AR, & S BUBRERTEH

4.2.4 Fire Exposure K RZE

Outbreathing will result from the expansion of the vapors and vaporization of the liquid that occurs
when a tank absorbs heat from an external fire.

4 i EEWRMAT S S  UEOR PR R T e PG A A R SRR s T BXUAt ERT L

VENTING ATMOSPHERIC AND LOW-PRESSURE STORAGE TANKS
B AR s A R Al <

4.2.5 Other Circumstances H'&EfE M

4.2.5.1 General #ti&

When the possible causes of overpressure or vacuum in a tank are being determined, other
circumstances resulting from equipment failures and operating errors must be considered and
evaluated by the designer. Calculation methods for these other circumstances have not been
provided in this standard.

FERME — Gt BT s o2 i) ] RS IR 5 vt 55 FE ANV A Hh - 1 o8 Wt sl AR iR ol ZE 1R
EN UL XL LIS AR AR AR LA

4.2.5.2 Pressure Transfer Blowoff F h#niEHES

Liquid transfer from other vessels, tank trucks, and tank cars may be aided or accomplished entirely
by pressurization of the supply vessel with a gas, but the receiving tank may counter a flow surge
at the end of the transfer due to vapor breakthrough. Depending on the pre-existing pressure and
free head space in the receiving tank, the additional gas volume may be sufficient to overpressure
the tank. The controlling case is a transfer that fills the receiving tank so that little head space
remains to absorb the pressure surge. A similar situation can be encountered during line pigging if
a vapor chaser is used after the pigging device.

MILE A BREA AR A3 i A 5e 4] DO AR I 25 28 R A B B B, (EE S AR e
ERt M—‘lﬂ.@ %%Ll% Tﬁé%k*ﬁ/ﬁt%ﬂfiﬂ]o BTz HE P 0 O T RIS F f s m], SRAAN AR A
AT AT REAC AT R RERL [ o PRI S AEOTIRE A 28— NI g 4, LAASE B A /D B T o2 T IR
F 3l AR I, ﬁﬂ%‘%%%%%}:ﬁﬁﬁ NMUEIRZELS, BRI O

4.2.5.3 Inert Pads and Purges {EHS 3 5%HE

Inert pads and purges are provided on tanks to protect the contents of the tanks from contamination,
maintain nonflammable atmospheres in the tanks, and suppress vapor emissions from the tanks.
An inert pad and purge system normally has a supply regulator and a back pressure regulator to
maintain interior tank pressure within a narrow range. Failure of the supply regulator can result in
unrestricted gas flow into the tank, reduced gas flow, or complete loss of the gas flow. Failure of the
back pressure regulator could result in over- pressure.

14 70, L8l
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At A A 35 W AR i B P DRI AN 275 % « A 45 i R P PO AN A RS 353 4900 o) i e 110 A
HE o P S WA R G R A AN T R — AN TS 18 1 RO AT B P s ) i e e 1R
W o AR IR & FECARASSZ BBt A SRR T e E R e e W, R
R AT RE 2 S EUL

4.2.5.4 External Heat Transfer Devices #MifEH3EE

Steam, tempered water, and hot oil are common heating media for tanks whose contents must be
maintained at elevated temperatures. If failure of a tank’s supply control valve, temperature
sensing element, or control system causes the flow of heating medium to the tank’s jacket to
increase, vaporization of the liquid stored in the tank can occur. When aporization occurs, the
resulting overpressure must be relieved.

2RV YRR AR R 2 A RE AR A 4 vl ) N FAY BT, R — S A RER R I L IR TR
BRI RS, SEEE BRI BRI TR, WREEE N REAF AR S R AR R R A
A, AR I R A2

If a tank maintained at elevated temperatures is empty, excessive feed vaporization may result
when the tank is filled. If the temperature control system of the tank is active with the sensing
element exposed to vapor, the tank’s heating medium may be circulating at maximum rate with the
tank wall at maximum temperature. Filling during such conditions may result in excessive feed
vaporization. The excessive feed vaporization would stop as soon as the walls cooled and the fluid
level covered the sensing element.

WU — & a2 2 1), WGEEEIRHN 3t rl g S Eud BEREER U . an MR oA =AM 5 3))
TR E TR, A RE R INFA T BAT fe o LU ORI, BEREALAE B i BN o AEIX AR 0 T
Blalgees B0 BN UL, — ERERESHIT HIR A Bclii oo tt, Whid BERbrh it k4 k.

For a tank with a cooling jacket or coils, liquid vaporization as a result of the loss of coolant flow
must be considered.

o — G A WD A B R UG, A2 BBV FN50) A B3 A S BUR AT AL
4.2.5.5 Internal Heat Transfer Devices H#fEHEEE

Mechanical failure of a tank’s internal heating or cooling device can expose the contents of the tank
to the heating or cooling medium used in the device. In low-pressure tanks, it can be assumed that
the flow direction of the heat transfer medium will be into the tank when the device fails. Chemical
compatibility of the tank contents and the heat transfer medium must be considered. Relief of the
heat transfer medium(e.g.,steam) may be necessary. The disposition of the tank contents until the
device can be repaired or replaced must also be considered.

it PR PSR B 02 . 1 A LG s 2 e P s e 2 e P DIl A oo AR AR, R L
B B 2 A% Rk B AU BRI A% TR B L IR A o D6 2005 JERE A R R Ay B A, A AT BT
SEMTBAE R BT (N TERCEEBIBE ST, DA IS MG N DR b .

4.2.5.6 Vent Treatment Systems 5 SAbH 258

If vapor from a tank is collected for treatment or disposal by a vent treatment system, the vent
collection system may fail. This failure must be evaluated. Failures affecting the safety of a tank can
include back pressure developed from problems in the piping (liquid-filled pockets and solids
build-up), other equipment relieving into the header, or blockage due to equipment failure. An
emergency venting device that relieves to atmosphere, set at a higher pressure than the vent
treatment system, is normally used. For toxic or hazardous vapors, a fail- safe vent treatment
system should be considered.

Up RAE G 2 (1 AR H O AL B AR GO R A T A P I, s SR R iAo mT g, 20
XIS IEA T PPATT o 532 0 i R 2 A PR WP R 5 A B D (I e AR R B R AR R TR sy
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A TR o A B A A A T S 2 T o T AT — N R R AU ) RO, R e s T
PR G . WA BFESER A, N5 8 A I 2 A s A R S
4.2.5.7 Utility Failure A RStk

Local and plant-wide power and utility failures must be considered as possible causes of
overpressure or vacuum. Loss of electrical power will directly affect any motorized valves or
controllers and may also shut down the instrument air supply. Also, cooling and heating fluids may
be lost during an electrical failure.

S AR B g R WA 2 P AR G i A Ay il s L2 (1 m RE SR M BEAT 5 8 o {5 FL 2 EL RS
P sl i e s, M RS OCR K Ty HL, R T AT E S A A e AR R K

4.2.5.8 Change in Temperature of the Input Stream to a Tank SHEYIEH IR AL

A change in the temperature of the input stream to a tank brought about by a loss of cooling or an
increase in heat input may cause overpressure in the tank.

FH 74 20453 2% Bl A N\ S 38 N B L REY R L R AR AR, XA e S EUE R
4.2.5.9 Chemical Reactions {43k W

The contents of some tanks may be subject to chemical reactions, which may generate heat and/or
vapors. Some examples of chemical reactions may include inadvertently adding water to acid or
spent acid tanks thereby generating steam and/or vaporizing light hydrocarbons, runaway reactions
of phenol tanks, etc. In some cases, the material may foam, causing two phase relief. Technology
developed by the Design Institute for Emergency Relief (DIERS) may be used to evaluate these
cases.

FLLCAHHE A BRI e A B S OB, PR RN A B, 2l S N T REALER : AL
AR R R i LN T /K T AR B T 280 Vil DRI AR S B 424t o AERLERIG LT, 4kl
SRR, PEPTHIR . FTA R SRR RSB (DIERS) THAMIEARKIEAL X LE5 L .

4.2.5.10 Liquid Overfill Protection

4.2.5.10 WA B el i

For information on liquid overfill protection, see API Standards 620, 2510, and APl Recommended

Practice 2350. Liquid overfill shall be prevented by providing positive design and operation

steps, such as two reliable and repairable level instruments and an independent high-level alarm

that independently stop the filling operation by closing the filling valves.

FeT WA B AP R, 2 0UbsME API620. API2510 K API JE#7 URE 2350, i i $2 0t 1E A )

VEANRAE D B B A e e ke, s A T EE DR AT ARG R T LA S — AN ST IR v R AR
CE e K P 7o e MR T A A7 A5 11 FR e

4.2.5.11 Atmospheric Pressure Changes

4.2.5.11 KA

Arise or drop in barometric pressure is a possible cause of vacuum or overpressure in a tank.

4.2.5.11 KA T s FAR AT 78 S E0RE P - AR L Bk s

4.2.5.12 Control Valve Failure

4.2.5.12 it

Failure of a control valve on the liquid line to a tank must be considered because such a failure may

overload heat exchange equipment and cause high temperature material to be admitted to the tank.

A control valve failure may also cause the liquid level in a pressurized vessel feeding liquid to a

tank to drop below the vessel outlet nozzle, allowing high pressure vapor to enter the tank.

WNIRP FE A TE VR AT N S L R T 1 A A B R O, R Ok — ELZ R A R AT T BE S R et

AT, AN [ro) i R R N it R o 428 o ol Wl B i 25 2 S50 ) ik R (AL VAR IR s ) 25 A8 VU PR A 38
VBN, A3 28 U s 258 I A o

4.2.5.13 Steam Out

4.2.5.13 ZEFMH;

If an uninsulated tank is filled with steam, the condensing rate due to ambient cooling

may exceed the venting rates specified in this standard. Other steps, including large vents (open
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man ways) and slowly cooling the tank, are necessary to prevent excessive internal vacuum.

W SRV RE A A DRI B 70 AR 280, BT IABE 1, v B AR S B AAR R e Rl s R . g ik
WEN LR e, W EERIBO AR, B3 R 38 (O I AL) R D2 804 A0 i

4.2.5.14 Uninsulated Tanks

4.2.5.14 L0 A GE

Uninsulated tanks with exceptionally hot vapor spaces may exceed the venting requirements
in this standard during a rain storm. Vapor contraction may cause excessive vacuum. An
engineered review of heated uninsulated tanks with vapor space temperatures above 120°F
(48.9°C) is recommended.

FER AN, AR vHE o A R DR i A SR 3 ) ] B il AR P B R ), 28l T e
TR R, AU SAR S (R = T 120°F (48.9°C) K AR A il fits FELEAT TR 7

4.3 DETERMINATION OF VENTING REQUIREMENTS

4.3 T ERE I E

4.3.1 General

4.3.1 fik

Venting requirements are given for the following conditions:

i B SRE T RE L RS L

a. Inbreathing resulting from maximum outflow of liquid from the tank.

a. [ A PR A B R H S T 2B R RN

b. Inbreathing resulting from contraction or condensation of vapors caused by maximum decrease
in vapor space temperature (thermal breathing).

b. f5 KRS TN A 5 RS AW i v et it = AR RN B R

c.Outbreathing resulting from maximum inflow of liquid into the tank and maximum vaporization
caused by such inflow.

C. Mt FRIVRUA B UL AN S AT B 5 A PR e R A B T ™ A A P

d. Outbreathing resulting from expansion and vaporization that result from maximum increase
in vapor space temperature (thermal breathing).

B RS DL T e 5 RS R REZ I B e 7 2 O P

e. Outbreathing resulting from fire exposure.

e. g T KU 7 AL R

Although design guidelines are not presented in this standard for other circumstances discussed in
Section 4.2.5, they should be considered.

BIRAPRHEARXS 4.2.5 H R I EEOURE I Bt 4R 37 8E, (HN LI & .

4.3.2 Requirements for Normal Venting Capacity IF%ESEE R

The total normal venting capacity shall be at least the sum of the venting requirements for liquid
movement and thermal effect; however, the required capacity may be reduced for products
volatility is such that vapor generation or condensation within the permissible operating range of
tank pressure will provide all or part of the venting requirements. In cases in which
noncondensables are present, this should be taken into account. A summary of the venting
requirements for inbreathing and outbreathing due to liquid movement out of and into a tank and
thermal effects are shown in Tables 1 and 2. These requirements are discussed in Sections 4.3.2.1
and 4.3.2.2

S PRI XURE ) A% 2 /D VAR By S AN RSN, 5 IS S i e PR R A s ) Y TR N 257 A2 23
BV B TR U, AR M w20 X, IR 2Bk RN 225 fE SA7 A AN AT I 454
Jo FERR 1 A1 2 v, f] B 20 1 b A P S04 0 N B i S A AR RS PR IR AR ES 8 XU 5K
W Ar 4.3.2.1 7} 4.3.2.2 TR IX LS ESREAT IR
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Table 1A—Normal Venting Requirements
(SCFH of Air per Barrel per Hour of Liquid Flow)
T IA—IEHHERZESR CRARNALT 9 RN, ARBERR/NSD

A LA
. . .
Flash - In.tc)jreathlng TN Outbreathing HE
Point/Boiling(a) MO\I/CélrJrlment Thermal #¢ | Liquid Movement Thermal
NPV =) N B AR P
NIk out A H: " In BAGA A
Flash
. \ See Table See Table
° =
Point=2100°F [A] 1 5.6 oA L3 2A 6 OA L 2A
>100F
Boiling Point 2 56 See Table 5 See Table
300°F ¥} xi=300F ' 2A W3 2A 2A W3 2A
Flash Point < 56 See Table 12 See Table
100°F [A] 5i<100F ' 2A L3 2A 2A LA 2A
Boiling Point < 56 See Table 12 See Table
300°F s xi<300F ' 2A WLF 2A 2A W3 2A

(a):Data on flash point or boiling point may be used. Where both are available, use flash point (See

Appendix A).

A RES H 2PN AN AR S B o T I, AR R LR AD

Table 1B—Normal Venting Requirements
(Nm3/hr of Air per Cubic Meter per Hour of Liquid Flow) B. Metric Units
* 1B-H AT K
(Nm3/hr 13 SRR T KBNS (R 3)) B
B A 54
, v ,
Flash . In.tc;reathlng TN Outbreathing HF
Point/Boiling (a) MO\I/(élrJr;ent Thermal #¢ | Liquid Movement Thermal
DA R 5 o B ARG P
Out Y'fﬁl’legbﬁﬂj ==N In ‘/’ﬁl’fzig{/lh]\ TN E
Flash
. See Table See Table
Point=37.8°C [A] 11 0.94 - 1.01 "
~37 B°C 2B L% 2B 2B W% 2B
Boiling Point
. See Table See Table
2148.9°C i i 0.94 - 1.01 -
5148.9° 2B L% 2B 2B W% 2B
Flash Point <
N See Table See Table
37.8CIN AL 0.94 m 2.02 "
<378 2B .3 2B 2B .3 2B
Boiling Point
See Table See Table
[ \\ IJ_:[
<14<91250é9%,m 0.94 B L% 2B 2.02 OB .7 2B

Appendix A).

A RES H B PN AN AR S B o BT I, AR A CILBR A AD

4321

Inbreathing (Vacuum Relief)

18 U, L8l

(a):Data on flash point or boiling point may be used. Where both are available, use flash point (See
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4321 |\ (EZEBO

4.3.2.1.1 The requirement for venting capacity for maxi- mum liquid movement out of a tank
should be equivalent to 5.6 SCFH of air for each 42 US gallon barrel (0.94 Nm3/h of

air for each cubic meter) per hour of maximum emptying rate for liquids of any flash point.

4.3.2.1.1  BHOKHPBARR L BEFIE XCRE ) SR NAR 2 T 5.6 SCRH (ARUES Ty 98 RURE/ IR 28
A 42 IGRERIAT C 0.94 Nm3/ h B2 oK 230 Fi /N B K HE S 2 0] F AR I s AR A
4.3.2.1.2 The requirement for venting capacity for thermal inbreathing for a given tank capacity
for liquids of any flash point should be at least that shown in Column 2 of Table 2. An engineering
review should be conducted for heated un-insulated tanks where the vapor space temperature is
maintained above 120°F (48.9°C) (see Section 4.2.5.14).

4.3.2.1.2 MT—ANEEBARIN R4 8 BIEERE T, FABNIN (38 JXGE ) KN /D IAERR 2 (%5
2 AP TREE A A AR A 2 S it K 2R TR DR T 120 °F ( 48.9 C ) (I
4.25.14 75 )

4.3.2.2 Out-breathing (Pressure Relief) for Liquid With a Flash Point Above 100°F (37.8°C)

4.3.2.2 {1 UEJIRTBO TN Riv T 100°F (37.8°C) IV

4.3.2.2.1 The requirement for venting capacity for maxi- mum liquid movement into a tank and
the resulting vaporiza- tion for liquid with a flash point of 100°F (37.8°C) or above or a normal boiling
point of 300°F (148.9°C) or above should be equivalent to 6 SCFH of air for each 42 US gallon
barrel (1.01 Nm3/h per cubic meter) per hour of maximum filling

rate.

43221 AT RUR KBRS SR A S HEAT d ™ A2 ) 28RN /i 100°F (37.8°C) sl B iy el
IEH I RA 300°F (148.9°C) sl S e FVRAA R XUBE ) (1 283K A1 245 1, 6 SCFH = Tiid —> 42
BRI C 1.01 Nm3/ h BALJ7 KRS0, DARE/ N S KB R AL

Note: Protection against liquid overfilling is not covered in this stan- dard, but it is covered in
API Standard 620 and in APl Recom- mended Practice 2350.

VR W DR A AE IR MR ME PR R 2, IS AE APL FRvfE 620 A1 API SEATHfERE 2350 Hi
s 2 o

4.3.2.2.2 The requirement for venting capacity for thermal outbreathing, including thermal
vaporization, for a given tank capacity for liquid with a flash point of 100°F (37.8°C) or above
or a normal boiling point of 300°F (148.9°C) or above should be at least that shown in Column 3 of
Table 2.

4.3.2.2.2 X T—AHIWNAK 100°F (37.8°C)l sl 1E il s 300°F (148.9°C)al i =y (13 A4
SR EWIRERERE /0, AAHE IR T XURE ) SR /DAL 2 15 3 A2,

4.3.2.3 Outbreathing (Pressure Relief) for Liquid With a Flash Point Below 100°F (37.8°C)

4.3.2.3 R (RO XTI KT 100°F (37.8°C) i 4

4.3.2.3.1 The requirement for venting capacity for maxi- mum liquid movement into a tank and the
resulting vaporiza- tion for liquid with a flash point below 100°F (37.8°C) or a normal boiling point
below 300°F (148.9°C) should be equivalent to 12 SCFH of air for each 42 US gallon barrel
(2.02Nm3/h per cubic meter) per hour of maximum filling rate (see Appendix A for the basis of this
requirement).

4.3.2.3.1 X T U R MR R S WA At SEAT L e A B 28V I I s /T 100°F (37.8°C) sl 1E i
Wb /T 300°F (148.9°C) M HIIE X AE ) (I EER A2 T, 12 SCFH = iid —4> 42 In&3¢
fAf C 2.02 Nm3/ h &37 07 K530, UMY ORI R 25 . (LB A s SRRl 211

A tank into which liquid is fed at or near the boiling point at the tank pressure may require an
outbreathing capacity that is higher than the capacity indicated above or in Table 1. The values
presented above and in Table 1 are based on vaporization of 0.5 persent of the feed liquid;
significantly higher vaporization rates can occur if the feed is above the boiling point. For instance,
with hexane, 0.4 percent of the feed can vaporize for every 1°F (0.56°C) above the boiling point at
tank pressure.

7R S N W S S e NG 73 R ST e N S = ol w1117 =1 O =T w1 S M
PRBUE RS T BB RE A 0.5%. TR = T Hh AL, ViR s fim. DAkl 76
FEIS R, BTk 1°F (0.56°C), HEEWAALR 21N 0.4%.

Note: Protection against liquid overfilling is not covered in this stan- dard, but it is covered in
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API Standard 620 and in APl Recom- mended Practice 2350.
ERE: AbRUER BRI E RS, (HAE AP 620 il APl #E#7HURE 2350 H145 ,

4.3.2.3.2 The requirement for venting capacity for thermal outbreathing, including thermal
vaporization, for a given tank capacity for liquid with a flash point below 100°F (37.8°C) or a normal
boiling point below 300°F (148.9°C) should be at least that shown in Column 4 of Table 2.

4.3.2.3.2 XTI RN T 100°F (37.8°C) i 1E 4 Wl s 4/ T+ 300°F (148.9°C) (M4 45 7E 1)
it fERE 77, PAHE IR T8 XUBE ) RN /D AIHERR 2 S 4 £

4.3.3 Requirements for Emergency Venting Capacity for Tanks Subject to Fire Exposure.

4.3.3: it T 318 3] K I BRI ) % T X URE ) 2K

When storage tanks are exposed to fire, the venting rate may exceed the rate resulting from a
combination of normal thermal effects and liguid movement. In such cases, the construction of the
tank will determine whether additional venting capacity must be provided.

2 B i AE KR PN, R A R] R i 13 SN AR S S S [R) S EUR B AR o FERXRP DL
Al E PR G AL A TR AL A i ZEER BE B IR FFURE T o

4.3.3.1 Tanks With Weak Roof-to-Shell Attachment

4.3.3.1: FTAEF L EBERAE R KA

On a fixed-roof tank with a weak (frangible) roof-to-shell attachment as described in API Standard
650, the roof-to-shell connection will fail preferentially to any other joint and the excess
pressure will be safely relieved if the normal venting capacity should prove inadequate. For a tank
built to these specifications, consideration need not be given to any additional requirements
for emergency venting; however, additional emergency vents may be used to avoid failure of the
joint. Care should be take to ensure that the requirement for a frangible roof-to-shell attachment are
met, particularly on a smaller tank.

TE— Mz T AP FRHET RIA (R 5SS RRT E i E RS BB ) (SRR e b, W R e Re
UERIAS U, e A SRR 2 UL B A S W, AR5 BRI I T 2 e 2 s oRe it X1
AR IXLEPEAN B B AR TE, A5 RBATAT N S S H K, SR, BRI 5 Soseas 1 > 15
FH R G0 RN o WAL T I A A DR A S S TR i B 55 e B A () 25K, U /NI

FK 2A—IHEBCR I T EE A
A G AT
Inbreathing
Tank Capgty b ([}gia)c\“g) Out breathing 7t
%)
Column3°%5 344" | Column4 45 4 4% °
Flash Point=100°F or | Flash Point<<100°F
Column 1 ¢ % 182 | Column 2? | Normal Boiling Point or Normal Boiling
d #5283 | 2300°F A Ai=100°F | Point<<300°F A /i
0% 1B <100°F Hf
b 15 <300°F 1E % b 55.<300°F
Baegrls Gallo‘r)s SC;ZMAW SCFH Air =%, SCFH Air %%
i %k (SCEH) (SCFH) (SCFH)
60 2,500 60 40 60
100 4,200 100 60 100
500 21,000 500 300 500
1,000 42,000 1,000 60 1,000
2,000 84,000 2,000 1,200 2,000
3,000 126,000 3,000 1,800 3,000
4,000 168,000 4,000 2,400 4,000
5,000 210,000 5,000 3,000 5,000
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10,000 420,000 10,000 6,000 10,000
15,000 630,000 15,000 9,000 15,000
20,000 840,000 20,000 12,000 20,000
25,000 1,050,000 24,000 15,000 24,000
30,000 1,260,000 28,000 17,000 28,000
35,000 1,470,000 31,000 19,000 31,000
40,000 1,680,000 34,000 21,000 34,000
45,000 1,890,000 37,000 23,000 37,000
50,000 2,100,000 40,000 24,000 40,000
60,000 2,520,000 44,000 27,000 44,000
70,000 2,940,000 48,000 29,000 48,000
80,000 3,360,000 52,000 31,000 52,000
90,000 3,780,000 56,000 34,000 56,000
100,000 | 4,200,000 60,000 36,000 60,000
120,000 | 5,040,000 68,000 41,000 68,000
140,000 | 5,880,000 75,000 45,000 75,000
160,000 | 6,720,000 82,000 50,000 82,000
180,000 | 7,560,000 90,000 54,000 90,000

®For tanks with a capacity of 20,000 barrels (3,180 cubic meters) or more, the requirements for
the vacuum condition are very close to the theoretically computed value of 2 SCFH of air per
square foot (0.577 Nm3/h per square meter) of total shell and roof area. For tanks with a capacity
of less than 20,000 barrels (3,180 cubic meters), the requirements for the vacuum condition have
been based on 1 SCFH of air for each barrel of tank capacity (0.169 Nm3/h per cubic meter). This
is substantially equivalent to a mean rate of temperature change of 100°F (37.8°C) per hour in the
vapor space (see Appendix A). An engineering review should be conducted for uninsulated tanks
where the vapor space temperature is maintained above 120°F (48.9°C) (see 4.2.5.14).

A% T4 5k 20,000 ##(3,180 3777 K) B HE K (G, B0 4% 4 1K) g e R el P U7 98 )RR Se A4 A
FETRIA N 2 SCFH (hRiESz 5 9 RN ) 2873 (0.577Nm3/hAF )5 K) MBS THAAE . 6T 285/
120,000 ##fi(3,180 7.5 K) B , FLAS SR ) 75 B 2 5L TR BEA 58 1SCFH /< (0.169Nm3/h
IS 7K XHEA 4G T 29545 W) 100°F(37.8°C) [/INI TR BEARAL (13 % (LB A) o X T
2V IR LR FEAE 120°F(48.9°C) LA BT PRIRRE N BEAT TR Bt Hi r (L 4.2.5.14).

® For stocks with a flash point of 100°F (37.8°C) or above, the outbreathing requirement has been
assumed to be 60 percent of the inbreathing requirement. The roof and shell temperatures of a
tank cannot rise as rapidly under any condition as they fall, for example, during a sudden cold
rain.

XTI R 100°F(37.8°C)H il m g JsUkE, BB BRI EE RN 60%. AR B
WHETHURT 5 S MU T AN BEMIRL B3 —FEBR, B 30 SR v R I

cFor stocks with a flash point below 100°F (37.8°C), the outbreathing requirement has been

assumed to be equal to the inbreathing requirement to allow for vaporization at the liquid surface
and for the higher specific gravity of the tank vapors.

X TN RAR T 100°F(37.8°C) I JsUkk, B e P H A B A TR N TR B, SRVRIRI L S Rt
KR
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d Interpolate for intermediate tank sizes. Tanks with a capacity of more than 180,000 barrels
(30,000 cubic meters) require individual study. Refer to Appendix A for additional information
about the basis of this table.

AR Ineh e ER ST 258 KT 180,000 A (30,000 37 J7K) [IMET SIS K e, ST AR AL
MRS B2 LI A

* 2B—CE I R
A KT
Tank Inbreathing
Capacity fi# | (Vacuum) WA Out breathing i}
HE (HE7)
Column 3° %5 3 4% P Column 4 &5 4 % °
Flash Point=37.8°C or Flash Point<<37.8°C
Column 1 ¢ Column 2 2% 2 Normal Boiling Point or Normal Boiling
R e 2148.9C [N 237.8°C | Point <148.9°C I
519 IEHW | A <37.8°CHEH
A2148.9°C A<148.9C
C“gcﬁ'\ggter Nmé/h Nme/h Nme/h
10 1.69 1.01 1.69
20 3.37 2.02 3.37
100 16.90 10.10 16.90
200 33.70 20.20 33.70
300 50.60 30.30 50.60
500 84.30 50.60 84.30
700 118.00 70.80 118.00
1000 169.00 101.00 169.00
1500 253.00 152.00 253.00
2000 337.00 202.00 337.00
3000 506.00 303.00 506.00
3180 536.00 388.00 536.00
4000 647.00 472.00 647.00
5000 787.00 537.00 787.00
6000 896.00 602.00 896.00
7000 1003.00 646.00 1003.00
8000 1077.00 682.00 1077.00
9000 1136.00 726.00 1136.00
10000 1210.00 807.00 1210.00
12000 1345.00 888.00 1345.00
14000 1480.00 969.00 1480.00
16000 1615.00 1047.00 1615.00
18000 1745.00 1126.00 1745.00
20000 1877.00 1307.00 1877.00
25000 2179.00 1378.00 2179.00
30000 2495.00 1497.00 2495.00
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¥For tanks with a capacity of 20,000 barrels (3,180 cubic meters) or more, the requirements for
the vacuum condition are very close to the theoretically computed value of 2 SCFH of air per
square foot (0.577 Nm3/h per square meter) of total shell and roof area. For tanks with a capacity
of less than 20,000 barrels (3,180 cubic meters), the requirements for the vacuum condition have
been based on 1 SCFH of air for each barrel of tank capacity (0.169 Nm3/h per cubic meter). This
is substantially equivalent to a mean rate of temperature change of 100°F (37.8°C) per hour in the
vapor space (see Appendix A). An engineering review should be conducted for uninsulated tanks
where the vapor space temperature is maintained above 120°F (48.9°C) (see 4.2.5.14).

A% F 2% A 20,000 A(3,180 375 oK) B K I, B2 4 AR IR 5 B A R B BT 0 RS SE AR
FETHHIAN Ky 2 SCFH (hrvfENL 792 RN 25K (0.577Nm3/h/ T 5 K) I FES TS . X T2 8/
T+ 20,000 ##(3,180 3775 K) HIHE , FLo5 4 A 1) 7 B 2 2 TR A I 4 1SCFH /< (0.169Nm3/h
IS TJ7K) e IXFEA L AEF 787543 0] 100°F(37.8°C) /NI IR JEARAL IS R (L= A) o ST
YRS (R AR R AE 120°F(48.9°C) LI [ T AR RE Y AT T A2 vt o Ar (. 4.2.5.14).

® For stocks with a flash point of 100°F (37.8°C) or above, the outbreathing requirement has been
assumed to be 60 percent of the inbreathing requirement. The roof and shell temperatures of a
tank cannot rise as rapidly under any condition as they fall, for example, during a sudden cold
rain.

CXFFIN S 100°F(37.8°C) i m M sk}, OB BT i B s AR N TR B 1 60%. (TAT4cF R
T TRURN S AR T ARAS RERR 8 — AL, 1 U 5 44 RN I o

cFor stocks with a flash point below 100°F (37.8°C), the outbreathing requirement has been
assumed to be equal to the inbreathing requirement to allow for vaporization at the liquid surface
and for the higher specific gravity of the tank vapors.

X T IN AR T 100°F(37.8°C) I JsUkl, C B i P H i B A IR N T B, SOVRRII AL SR b
R AR

d Interpolate for intermediate tank sizes. Tanks with a capacity of more than 180,000 barrels
(30,000 cubic meters) require individual study. Refer to Appendix A for additional information
about the basis of this table.

SR IR RS . 25K T 180,000 # (30,000 S75K) [HET BB T RS . ST AR I
WHERANEEEZ I A,

4.3.3.2 Tanks Without Weak Roof-to-Shell Attachment
4.3.3.2 NmETn -5 RERE TS B M i

When a tank is not provided with a weak roof-to-shell attachment as described in 4.3.1.
1, the procedure given in-4.3.3.2.1 through 4.3.3.2.6 shall govern in evaluating the  required
venting capacity for fire exposure.
AN 4.3.1.1 PR 9 A E TDURT GERE 55 JE L I RIS 453K 4.8.3.2.1 &2 4.3.3.2.6 RUR
FEFE-Re 20 KA BT T80 e 0 it S
4.3.3.2.1 For tanks subject to fire exposure, the required venting capacity shall be
determined by Equation 1A or 1B.
KL (it 7 5 2 1 M T L 3 2k 1A 5 1B .
A. English Units
A TE AT

0.5

7 ()
SC = 3, =— x| = /
SCFH 091 = T * i (1A)

=
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where
SCFH =

Q

Appen- dix B or the following summary:

A

SCFH (FR#EST T RN

venting requirement, in standard cubic feet per hour of air,
heat input from fire exposure, in BTU per hour. Heat input is provided in Figure B-1 of

= JBCEEKR, BRUESLTT S RSN

QUHAE) = KUK, BTU /M. FAEH A ME i B (1938 B-1 HLal LN RN BERHT .
Wetted Surface Area Design Pressure (psig) | Heat Input  (Btu/hr) %A
(square feet) iy F Wit ) o
<200 <15 Q = 20,000A
>200 and <1000 <15 Q = 199,300A%°%
>1000 and <2800 <15 Q= 963,400A%%*#
between 1 psig and 15 _ 0.82
>2800 21 15 il Q = 21,000A
22800 <1 Q = 14,090,000

A =

wetted surface area of the tank, in square feet

(see Table 3A, Footnotes a and b),

A =
(WL 3A, JiE a M b):
F
F
L =
BT
L

C

per pound,
T =

relieving pressure;
T =
s it B2 A )
M
M

9 CSaN I

B. Metric Units
B K FRA

N/ = 881.55 x 2 « (

L
Where
A
Nm3/h=

VR, A AR R

T

M

W (Ve A T, AP 5 9 RO

molecular weight of the vapor being relieved.

05

) (1B)

Nm3 / h=ittJECESR,  ARAENL KNS

Q

environmental factor from Table 4A. Credit may be taken for only one environmental factor,
R AA SEIREG AT U B U AN 1
latent heat of vaporization of the stored liquid at the relieving pressure and temperature, in

EE PRt AU I TBOIRL FE N s R IRV A 4, BT U
temperature of the relieving vapor, in degrees Rankine. It is normally assumed that The
temperature of the relieving vapor corresponds to the boiling point of the stored fluid at the

T O MR P A A MU T 3

venting requirement, in normal cubic meters per hour of air,

heat input from fire exposure, in Watts. Heat input is provided in the following summary:

Q =KAKALNIIFRE, PURF. AR NI RTHELL N R A .

Wetted Surface Area (square

Design Pressure (barg)

Heat Input (Watts) i A#4

m?) IR With i3

<18.6 <1.034 Q = 63150A
>18.6 and <93 Q = 224200A%°%
>93 and <260 Q= 630400A%3%%#
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between 0.07 and
>260 1.034 7£ 0.07 #1.034 Q = 43200A%#?
2 1]

2260 <1 Q =4129700

wetted surface area of the tank, in square meters (see Table 3B, Footnotes a and b),

il ERIER R,k (WL %% 3B, JE a A1 b),

environmental factor from Table 4A. Credit
be taken for only one environmental factor,

M FK 4B EAFIAEE R T U 2 A A AN AR TR

latent heat of vaporization of the stored liquid at the relieving pressure and temperature, in
ilo- joules/kilogram (kJ/kg),
L =GP A VA0 B R s ) R A iy, TR H T3 (kJ/kg),
T = temperature of the relieving vapor, in degrees Kelvin. It is normally assumed that the
temperature of the relieving vapor corresponds to the boiling point of the stored fluid at the
relieving pressure,
T = MBGERVCHGIR S, DAE iR R s . L TR BOE TSGRV B AR AE BT T B
s i B8 A5 )
M = molecular weight of the vapor.
M = IR T
4.3.3.2.2 Where a lesser degree of accuracy can be toler- ated, the required venting capacity
can be determined from Table 3 or Equation 2A or 2B, as indicated in the following summary:
4.3.3.2.2 IXH AVFRAGMAERFE . IR 3 8idE a2 2A 50 2Bt W] LARf & T 5 EE At s e g, ek
ZI%N

TR T

A
A
F
ma
F
L
k

For English Units:

X ] A
Wetted Surface Area Design Pressure (psig) | Required Venting Capacity
(square feet) Ji¥EF M Wt 7 (SCFH)) i \#&
m
52800 <1 742000 28524;33?23) (W
>2800 Betweezsl ;_nl‘% IA Equation 2A 46t 2A

Table 3A—Emergency Venting Required for Fire Exposure Versus Wetted Surface Area®
2 BA- KGN 2 TR S K 1 B Sl e
A. English Units A& 8
a a H
(square feay | Venting Requirement | (=2 00 Requirement
SR ] (SCPRRCEERR | s (SCRH) A 5k
20 21,100 350 288,000
30 31,600 400 312,000
40 42,100 500 354,000
50 52,700 600 392,000
60 63,200 700 428,000
70 73,700 800 462,000

25 71, 81T



AP1-2000 (HF3ChRD

80 84,200 900 493,000
90 94,800 1,000 524,000
100 105,000 1,200 557,000
120 126,000 1,400 587,000
140 147,000 1,600 614,000
160 168,000 1,800 639,000
180 190,000 2,000 662,000
200 211,000 2,400 704,000
250 239,000 2,800 742,000
300 265,000 >2800°

Table 3B—Emergency Venting Required for Fire Exposure Versus Wetted Surface Area®
K e i I 2 TRIRR B K 1) S Bl e
B. Metric Units A A5
a a
(s\/gfgfedrﬁéte:rs) Venting Requirement gg&t::jeﬁ*rli?ers) Venting Requirement
3 25 S 3 2 SR
S T 7 (Nm/h) s 225K S (Nm®h) s Esk
2 608 35 8086
3 913 40 8721
4 1,217 45 9322
5 1,521 50 9895
6 1,825 60 10,971
7 2,130 70 11,971
8 2,434 80 12,911
9 2,738 90 13,801
11 3,347 110 15,461
13 3,955 130 15,751
15 4,563 150 16,532
17 5,172 175 17,416
19 5,780 200 18,220
22 6,217 230 19,102
25 6,684 260 19,910
30 7,411 >260" N

®The wetted area of a tank or storage vessel shall be calculated as follows:

Qi IR i A A PR TR AR S T T

Sphere and Spheroids The wetted area is equal to 55 percent of the total surface area or the
surface area to a height of 30 feet (9.14 meters) above grade, whichever is greater.

BREE 5 i BRI G- W T AR 5 T S R T AR 55%E B b b =18k 30 D& RU(9.14 K) IS 43k 2 1
B B TR BB AR o

Horizontal Tanks——The wetted area is equal to 75 percent of the total surface area or the surface
area to a height of 30 feet (9.14 meters) above grade, whichever is greater.

i 2 - TR AR A5 T At G SR T AR ) 75%ER B b & 504 30 98 (9.14 K) AR 7 iR T A (HY
PRI BRI .

Vertical Tanks

The wetted area is equal to the total surface area of the vertical shell to a
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height of 30 feet (9.14 meters) above grade. For a vertical tank setting on the ground, the area of
the ground plates is not to be included as wetted area. For a vertical tank supported above grade,
a portion of the area of the bottom is to be included as additional wetted surface. The portion of the
bottom area exposed to a fire depends on the diameter and elevation of the tank above grade.
Engineering judgment is to be used in evaluating the portion of the area exposed to fire.

S A FE-TEE AR ST B R 30 98 (9.14 K)o L xRS AR K R R IRIAR o X T e e b )
SEAAETE, AR AN FE AR R AR N s 0TS m e RE 0 SR T AR A DAy B e i AR AL 4R
TEW o Belig TIPSR JEC TR AR B e T i e A R B v B2 o A DA R B T IR IS 308 23 e T AR
LT TR RS R

For wetted surfaces larger than 2,800 square feet (260 square meters), see Sections 4.3.3.2.2 and
4.3.3.2.3.

O3 KT 2,800 A7 5 R (260 V5 K) LR, L 4.3.3.2.2 fi1 4.3.3.2.3 #4).

Note:yi::

Table 3 and the constants 1107 and 208.2 in Equations 2A and 2B respectively were derived from
Equation 1 and Figure B-1 by using the latent heat of vaporization of hexane (144 BTU per pound
or 334,900 J/kg) at atmospheric pressure and the molecular weight of hexane (86.17) and
assuming a vapor temperature of 60°F(15.6°C). This method will provide results within an
acceptable degree of accuracy for many fluids having similar properties (see Appendix B).

* 3MAX 2A 5 2B HYH £ 1107 5 208.2 7355045 A T A 1 MK B-1, J5Zot KA R She g
il 144 BTU/Ib(3X 334900J/kg)~ 41k 86.17, Jf HAR ¢ &< E A 60°F(15.6°C). X T H
AR TR 2 A, s R AR I 4 SRS i B T LA Z 1Y) (S L3R B o

Table 4A—Environmental Factors for Nonrefrigerated Aboveground Tanks
T AA—ATHI I E A e R PR A1
A. English Units A. BT
. . . Insulation Insulation
Tank Design/Configuration Conductance Thickness  (in) F Factor F
el T BTUMCft °F) & | i 7
MARH e
Bare metal tank #4> & -- 0.0 1.0
Insulated tank® #aHGE 2 4.0 1.0 0.3
Insulated tank® 4 HE 2 2.0 2.0 0.15°
Insulated tank® #8HGE 2 1.0 4.0 0.075°
Insulated tank® £ A 0.67 6.0 0.0375"
Insulated tank® #8HGE 2 0.5 8.0 0.03"
Insulated tank® #f Hufi @ 0.4 10.0 0.025°
a v a see note ¢
Insulated tank® 4 HuiE 0.33 12.0 TR
Concrete tank or fireproofing 2 3 3 10
5t - B Bl K '
Water-application facilities® itk
B O -- 1.0
Underground storage 3t~ fifi# -- -- 0.0
Earth-covered storage above B B 00
grade 7 i '
Impoundment away from tand"
i B A I ” ” 0->

Notes V1 F:

®The insulation shall resist dislodgment by fire-fighting equipment, shall be noncombustible, and
shall not decompose at temperatures up to

1000°F (537.8°C). The user is responsible to determine if the insulation will resist dislodgment by
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the available fire-fighting equipment. If the insulation does not meet these criteria, no credit for
insulation shall be taken. The conductance values are based on insulation with a thermal
conductivity of 4 BTU per hour per square foot per °F per inch of thickness (9 Watts per square
meter per °C per centimeter of thickness). The user is responsible for determining the actual
conductance value of the insulation used. The conservative value of 4 BTU per hour per square
foot per °F per inch of thickness (9 Watts per square meter per °C per centimeter of thickness) for
the thermal conductivity is used.

YR N RE AR BT RO FE . NSO AR, O HNAE 1000°F(537.8°C)AN KAl . I 15T
T 83252 15 AT LR SZIH B GO, IR IZ AT S AR, AT G M 4etibA BEA] 3, il LR 4
] JF AL AR EL ABTU/rft2(5E K T B2 26 b BHE IR B Owim2-C) ZafkhRl oy BEE. T
F AT E DT P 4 AR LB S IR B . 8 4 B R 3 IR DR S AR e R
ABTU/hr ft2(F UK JF B8 AP EHME R E 9w/im2-°C).

*These F factors are based on the thermal conductance values shown and a temperature
differential of 1600°F (888.9°C) when using a heat input value of 21,000 BTU per hour per square
foot (66,200 Watts per square meter) in accordance with the conditions assumed in API
Recommended Practice 521. When these conditions do not exist, engineering judgment should
be used to select a different F factor or to provide other means

for protecting the tank from fire exposure.

PIXLE F AT APLERESER 521 4&4F R, BUEHMEA 21000BTU/r-ft2(66,200W/m2)#uk, i
224k 1600°F(888.9°C) 45 i AL MR EE o =4 SEBR1E Bl M B IX LU AT IR, F LR 250 F KT azE #E A
I F R, s S e HAD T VAR AR P 2R B AR W K

‘Use the F factor for an equivalent conductance value of insulation.

I F B E 4 b R S AR R B

dUnder ideal conditions, water films covering the metal surfaces can absorb most incident

radiation. The reliability of water application depends

on many factors. Freezing weather, high winds, clogged systems, undependable water supply,

and tank surface conditions can prevent uniform water coverage. Because of these uncertainties,

no reduction in environmental factors is recommended; however, as stated previously, properly

applied water can be very effective.

CEEFARSAE T, KT 56 G e e T T LAWRBOR 350 43 98 6 e (K0 4w S e ¥ B3 /K [ T B e 1R

ZE. SR, KX, HZENRS, ANASEREOKRS, ERER IS KIBEIE s . T

XEEAHENE, AMELFRNAE R T B, AT B RPIRAS, ST BIK RGOS IR A 2%

16

°Depressuring devices may be used, but no credit shall be allowed in sizing the venting device for

fire exposure.

AU EHE RS, HR B A TEHHE KRGO T IS RGERD

The following conditions must be met: A slope of not less than 1 percent away from the tank shall

be provided for at least 50 feet (15 meters)

toward the impounding area; the impounding area shall have a capacity that is not less than the

capacity of the largest tank that can drain into it;

the drainage system routes from other tanks to their impounding areas shall not seriously expose

the tank; and the impounding area for the tank

as well as the impounding areas for the other tanks (whether remote or with dikes around the

other tanks) shall be located so that when the area

is filled to capacity, its liquid level is no closer than 50 feet (15 meters) to the tank.

"DUR LN R NBEE S/ 50 P (15 KD AT 1%35FE AR B oot i

WA FRNANN Tt KTERERS s M ICARBE A ) HE /KA AN 5 i A1 AZE X s R A 5 3 P = A 7 it
(e fF B A G A GE D (PR B ) ARV R IR, AR TH 2 e 1) B B AN g2 T~ 50 25 R (152K
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Table 4B—Environmental Factors for Nonrefrigerated Aboveground Tanks
K AB—ANVA 1 Hh Ak B R R85 DA 1
B. Metric Units B. Al
Insulation Insulation
Tank Design/Configuration Conductance Thickness (cm) F Factor F
ffe b 5 VT i (Wattsm™K) S | iy K7
%éﬁ E e NV S a
Bare metal tank #f4> )& HE 0.0 1.0
Insulated tank® #fHufiE @ 22.7 2.5 0.3°
Insulated tank® 4 Hu 2 11.4 5.0 0.15°
Insulated tank® £ A 5.7 10.0 0.075°
Insulated tank® 4 Hu 2 3.80 15.0 0.0375"
Insulated tank® 44 @ 2.8 20.0 0.03"
Insulated tank® #i 3 2 2.3 25.0 0.025°
Insulated tank® 4 HhfE 1.90 30.0 SE;E%EGCC
Concrete tank or fireproofing & 3 3 10
I B oK G '
Water-application facilities® itk 1.0
Underground storage i N fifs i -- -- 0.0
Earth-covered storage above B B 00
grade 78 it i '
Impoundment away from tand'
S S A ” ” 0-5

Notes 71 F¥:

®The insulation shall resist dislodgment by fire-fighting equipment, shall be noncombustible, and
shall not decompose at temperatures up to

1000°F (537.8°C). The user is responsible to determine if the insulation will resist dislodgment by
the available fire-fighting equipment. If the insulation does not meet these criteria, no credit for
insulation shall be taken. The conductance values are based on insulation with a thermal
conductivity of 4 BTU per hour per square foot per °F per inch of thickness (9 Watts per square
meter per °C per centimeter of thickness). The user is responsible for determining the actual
conductance value of the insulation used. The conservative value of 4 BTU per hour per square
foot per °F per inch of thickness (9 Watts per square meter per °C per centimeter of thickness) for
the thermal conductivity is used.

IR N AR DBt T, SO ARRTRY), JF HNAE 1000°F (537.8°C) ARk, HI i
DU E A8 FRZ AT T LIRS B Wit i R ZAFT S hRAE, B S G4 Skl al i, vl LR
B JF AL IR AL ABTU hreft2(5E K J5 48 A RME AR KL Ow/m2+°C) HIZaFhA )y FEE
F P 40 Setffoe T A M R SE bR SR BUE . 18 & 28 9 kL3 R SR ST (B S B ) R
ABTU/hrft2(43 JEK J5 B2 48 AT L H R 2 Ow/m24C).

*These F factors are based on the thermal conductance values shown and a temperature
differential of 1600°F (888.9°C) when using a heat input value of 21,000 BTU per hour per square
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foot (66,200 Watts per square meter) in accordance with the conditions assumed in API

Recommended Practice 521. When these conditions do not exist, engineering judgment should

be used to select a different F factor or to provide other means

for protecting the tank from fire exposure.

PIXEE F R IETLE AP HERE S 521 & F T, e HEA 21000BTU/hrft2(66,200W/m2)#u i, i

JEAEA 1600°F(888.9°C) 4 th AL R EUH « 4 SEFrtl dl 21X LE 4RI, T TR 250 I Wik £ A
FF BT, s SR A A 7 VAR OR A i e i AE W ke

‘Use the F factor for an equivalent conductance value of insulation.

°HI F BRF Rl E 4 ob kL S L R B

dUnder ideal conditions, water films covering the metal surfaces can absorb most incident

radiation. The reliability of water application depends

on many factors. Freezing weather, high winds, clogged systems, undependable water supply,

and tank surface conditions can prevent uniform water coverage. Because of these uncertainties,

no reduction in environmental factors is recommended; however, as stated previously, properly

applied water can be very effective.

CEEFASAE T, KT 56 4 A T T LAWRIBSOR 0 43 98 A 6 e (K S e Y0 B3 /K ) T S B e 1R

ZHER. G5KRA KR, HEEM RS, AnTEEmEUK RS, iR 2 A K IR s T

IXEEAHENE, AERFRNAE N 75 B, AT B FPIRES, S RE B K R AR A%

i

*Depressuring devices may be used, but no credit shall be allowed in sizing the venting device for

fire exposure.

SHIDABCE I R G, AHI2 B TORAE KRG DL N TR RGER .

The following conditions must be met: A slope of not less than 1 percent away from the tank shall

be provided for at least 50 feet (15 meters)

toward the impounding area; the impounding area shall have a capacity that is not less than the

capacity of the largest tank that can drain into it;

the drainage system routes from other tanks to their impounding areas shall not seriously expose

the tank; and the impounding area for the tank

as well as the impounding areas for the other tanks (whether remote or with dikes around the

other tanks) shall be located so that when the area

is filled to capacity, its liquid level is no closer than 50 feet (15 meters) to the tank.

"RU RSN R MR A0 50 BE (15 KD AT 1%35FE AR B S oE it e

WA FRPEANN T R TERER s D ICARBEAC PR HE 7K AN N 2 8 A1 % E X s R A B P < A i
CIt iR B s A G LA HE D AR B ) FE WA IR, R I 2 i ) B B AN RE 2D T~ B0 9 R (15 KD

SCFH= 1107FA082 (2A)

Where

X

SCFH = venting requirement, in standard cubic feet per hour of air,
SCFH =il Xid, ArdEArJy o RSN

F = environmental factor from Table 4A. Credit may be taken for only one environmental factor,
F =% 4A PRI, A0SR AR — I3

A = wetted surface area, in square feet (see Table 3A, Footnote a).
A =R AR, BRI R (LR 3A ERARIRE @)

Note: Equation 2A is based on

A A0 2A 2 U A0 HeA

0 =21,0004082

Or

£

For Metric Units:

X T2 il A .

%530 01, HL81 1t
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Wetted Surface Desian Pressure Required Venting
Area (square mm) (barg) Y ) Capacity (Nm%h) 7
S A 9) B L
See Table 3B and
<260 <1.034 4.3.3.2.3 W3 3B
43.3.2.3 %
2260 <0.07 19910
2260 e and | Eouation 2B Z%st 2B
Nm3 / h = 208.2FA%% (2B)
Where
A

Nm3/ h = venting requirement, in normal cubic meters per hour of air,
Nm3 / h =i X, ArAEsr oK N

F = environmental factor from Table 4B. Credit

F =% 4B THIMELR 7, AU KR BB — R

A = wetted surface area, in square meters (see Table 3B, Footnote a).
A =IRRIIR, Bk (ILFR 3B ERER: a)

Note: Equation 2B is based on

A 230 2B 72 LALL T RO FEA -

Q = 43,200A°%

The total heat absorbed, Q, is in BTU per hour for Equation 2A and in Watts for Equation 2B.
Table 3 and the constants 1107 and 208.2 in Equations 2A and 2B, respectively,were derived
from Equation 1A and Figure B-1 by using the latent heat of vaporization of hexane (144 BTU per
pound or 335,000 J/kg) at atmospheric pressure and the molecular weight of hexane (86.17) and
assuming a vapor temperature of 60°F (15.6°C). This method will provide results within an
acceptable degree of accuracy for many fluids having similar properties (see Appendix B).

23K 2A LL BTU RN AR T A S 2B BLELRF TR Q o, R 3 AT 2A. 2B
(Fri % 1107, 208.2 435k A A 1A FIEE B-1, LUKAE Fobi (O Fih 86.17) FALiE
7~ (144BTU Hpfak 335, 000J/kg) » iy biifE g 60°F (15.6°C) o IXANVEX IR 2 difkn]
FENEEARETE (RN B)

4.3.3.2.3 The total rate of venting determined from Table 3 may be multiplied by an
appropriate environmental factor, F, selected from Table 4, but credit may be taken for only one
environmental factor.

4.3.3.2.3 MAGERAAE YT % 3 MR ALl —NE S H0% 4 HOOLOUK BRI BS R T
4.3.3.2.4 Full credit may be taken for the venting capacity provided for normal venting, since the
normal thermal effect can be disregarded during a fire. Also, it can be assumed that there will be
no liquid movement into the tank.

4.3.3.2.4 RIEEMER [ TE R BT R XU, PRIl R RN S K TE Ok, BIMR B REAAR N JC IR AR IR B -
4.3.3.2.5 If normal venting devices are inadequate, additional emergency venting devices of
the type described in Section 4.4.2 shall be provided so that the total venting capacity is at least
equivalent to that required by Table 3 or Equation 1 or 2.

4.3.3.2.5 R IEFIERNEAL, #LIRIN 4.4.3 7R REAM O TE X %, AR FE XUGE ) 42 /0
HTR I AN 1A 2 ZRINE,

4.3.3.2.6 The total venting capacity shall be based on the pressure indicated in Section 4.5.1.
4.3.3.2.6 S\ RAE )2 L 4.5.1 35 B g EE SR O HEA T o

4.4 MEANS OF VENTING
4.4 BRAEX
4.4.1 Normal Venting
#5310, L8l
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4.4.1 IEEBER

Normal venting for pressure and vacuum shall be accomplished by a PV valve or an open vent
with or without a flame-arresting device in accordance with the requirements of Sections 4.4.1.1
through 4.4.1.5. Relief devices equipped with a weight and lever are not recommended.

T30 XU S ) RV s B B e T B A& (R BB, sl — DN IF IR A N BRSNS S 4 .4.1.1 3]
4.4.1.5 B I3 IV A& & — 2

4.4.1.1 Any relief device, shall be designed so that it will protect the tank in the event of failure of
any essential part.

4.4.1.1 NAZWHRERE, AR T — AR — MR 3 438

4.4.1.2 PV valves are recommended for use on atmospheric storage tanks in which petroleum or
petroleum products with a flash point below 100°F (37.8°C) are stored and for use on tanks
containing petroleum or petroleum products where the fluid temperature may exceed the flash
point. A flame arrester is not considered necessary for use in conjunction with a PV valve venting
to atmosphere because flame speeds are less than vapor velocities across the seats of PV valves
(see API Publication 2210).

4.4.1.2 HELF v OBV HE AT ] 10 IR AR 0N 50 100F (37.8C) A~ P s A A il A il
P TR AT VB A B AR U AN A6 25 BB AT Bt S KB B AR
2 H AT B B R

4.4.1.3 Open vents with a flame-arresting device may be used in place of PV valves on tanks in
which petroleum or petroleum products with a flash point below 100°F (37.8°C) are stored and on
tanks containing petroleum and petroleum products where the fluid storage temperature may
exceed the flash point.

4.4.1.3 JIEERRZE AT T BA B HE M N ST 100°F (37.8°C) AR AT 1] BE iy 1A sl alif
7=

4.4.1.4 Open vents without flame arresters may be used to provide venting capacity for any of the
following:

4.4.1.4 FFTHAFAR ) s bR s WY BESR AL R 271 I XU RE ) -

a. For tanks in which petroleum or petroleum products with a flash point of 100°F (37.8°C) or
above are stored, provided the contents are not heated and the fluid temperature remains below
the flash point.

a A7 A AR T B T 100°F (37.8°C) A M sliA it i A A4, 38 X 2 6 I HLRAASIR AR T A A
b. For heated tanks in which the storage temperature of the petroleum and petroleum products is
below the flash point.

b. A i AT I i PR R AU S AR T LA R

c. For tanks with a capacity of less than 59.5 barrels (9.46 cubic meters) [2,500 US gallons
(9,460 liters)] used for storing any product.

c X TAR/NT 59.5 #fi(9.46 7J5K) [2,500 K IN4:(9,460 THIIKIAH1A.

d. For tanks with a capacity of less than 3,000 barrels (477 cubic meters) [126,000 US gallons
(477,000 liters)] used for storing crude oil.

d. X T2 /N T 3,000 (477 5275K) [126,000 & In4:(477,000 TR A4 .

4.4.1.5 In the case of viscous oils, such as cutback and penetration-grade asphalts, where the
danger of tank collapse resulting from sticking pallets or from plugging of flame arresters is greater
than the possibility of flame transmission into the tank, open vents may be used as an exception to
the requirements of Sections 4.4.1.2 and 4.4.1.3 for PV valves or flame-arresting devices.

44,15 SEEAEREEI CORREDIIT RGN RGO i, i1 T IR SOREE S K S T 5 B0
HE PR 16 B8 KT KA NABTER T BTN, 45 4.4.1.2 51 4.4.1.3 75 v AT e P g g BH s 3Ky —
AR, AT BUR AT HAl U

4.4.1.6 Adiscussion of the types and operating characteristics of venting devices can be found in
Appendix C.

4.4.1.6 s C ik 1l R E IR SRR

4.4.1.7 In areas with strict fugitive emissions regulations, open vents may not be acceptable and
vent device selection should consider maximum leakage requirements during periods of normal
#3271, kel



AP1-2000 (HF3ChRD

tank operation.

4.4.1.7 A RAE IS GHEB XA, FTREANVRTIT Dl U, UEHRIE ke BN 2% RS Ak LE 4
PEIYITR] ) e Kt 25K

4.4.2 Emergency Venting 550

Emergency venting may be accompllshed by the use of the following:
ATLCR A BA R 5 i AT % Sl

a. Larger or additional open vents as limited by Sections 4.4.1.2 and 4.4.1.3.
a KL 4.4.1.2 %5H0 4.4.1.3 5 T B SE R BT 11 30 U4 Bl BT 18U
b. Larger or additional PV valves.

b IR R SO B T

c. Agauge hatch that permits the cover to lift under abnormal internal pressure.
c WM, Huh b avERTT T,

d. A manhole cover that lifts when exposed to abnormal internal pressure.

d FEWNEFHEIEL Y, AT,

e

A connection between the roof and the shell that is weaker than the weakest vertical joint in the
shell or the shell-to-bottom connection.

e A LU T I B 99 SEAROE R B 58 - IRIE 1L 55 o

Note: A tank with a frangible roof-to-shell attachment, as described in AP| Standard 650, does not
require emergency venting devices. Care should be taken to ensure that the requirements for a
frangible roof-to-shell attachment are met, particularly on a smaller tank, before this
method of emergency venting is used.

VERE: J% API Std 650 H ik, Ti-7e 5918 B g REA ER B oIl AR E . (HAER X P K S0l 7k
2T, N R ORA BT 5 R I R, RS N

f. Other forms of construction that can be proven to be comparable for the purposes of pressure
relief.

f ZuEWIRER 2 s H R AR A B .

g. Avrupture disk device.

g BT,

4.5 SELECTION, INSTALLATION, AND MAINTENANCE OF VENTING DEVICES
WARREE ML, ke 5

45.1 Total Venting Requirements i = %5k &

45.1.1 Pressure k7]

4.5.1.1.1 The pressure relief device or emergency venting device shall be suitable to relieve the
flow capacity required for the largest single contingency or any reasonable and probable
combination of contingencies; however, the required capacity may be reduced for products whose
volatility is such that vapor condensation within the permissible operating range of tank pressure will
provide all or part of the venting requirements. In cases in which noncondensables are present, this
should be taken into account.

45111 WA WS B R WIVAs (e G e )1 € - N LRV O = 11 €25 N IR 2/ 0=V i gl
EM B 5 BT 2R I ﬁkﬁﬁ, LORBE SIS ST RE e AR, XSS S R PN S AR AR
ifFE‘Jﬁ%EéTST%T’EEjﬁEEIWE% P TR PR AL A R Bl o T R L A ANBEIAFAE I, N5 RRIK R

#3301, L8l



AP1-2000 (HF3ChRD

45.1.1.2 Consultation between the tank designer, the person specifying the venting devices,
and the venting device manufacturer is strongly recommended to ensure that the
venting devices are compatible with the tank design. The set or start-to-open pressure often must
be lower than the design pressure of the tank to allow for adequate flow capacity of the devices. The
operating pressure should be lower than the set pressure to allow for normal variations in pressure
caused by changes in temperature and by other factors that affect pressure in the tank vapor space.
The set pressure and relieving pressure must be consistent with the requirements of the standard
according to which the tank was designed and fabricated. Some standards
present specific requirements, but others may not.

4.5.1.1.2 SRZVEUERER U . R IR I N DR R O A A (AT P R, DA PRI R
¢ B REV T ARRT o e B I BE I AT I8 Hs ) b 250N TR G Be vt Hs ), DLORIERE B A 2%
MV o PRAE S ) NAR T80 B g, DA 2238 8 A A s A PRI 28 5 1 8 P ~ORH 2 T R D I, A s e
FEIE O MBS o € Hs ) RIIBOHs ) 06 2505 i Ve v RIS FRIARE SERAE AT o A7 Lebrdide th 7 -
RESR, AUEhrEnl Re i .

45.1.1.3 Requirements for pressure relieving devices for tanks that are designed and fabricated
in accordance with API Standard 620 are provided in Section 6 of API Standard 620. The pressure
setting of a pressure-relieving device shall not exceed the maximum pressure that can
exist at the level where the device is located when the pressure at the top of the tank equals

the nominal pressure rating for the tank and the liquid contained in the tank is at the maximum
design level.

4.5.1.1.3 %[ API Std 620 BTt 1) it G it s 2B 2k L API Std 620 55 6 5o 4TI 5T
WHE IR A TRk Hs 0 51 ELGHE PN VR, A S vy B VRIS, Y 258 B PR A0 08 PR ) AN I e P A B 1 e K
7o

Under normal conditions, pressure-relieving devices must have sufficient flow capacity to prevent
the pressure from rising more than 10 percent above the maximum allowable working pressure.

Under fire emergency conditions, the devices shall be capable of preventing the pressure from
rising more than 20 percent above the maximum allowable working pressure.

KRB GHOUT M E N BERT 1 Hs i s K AV TR ) 20% LA .

45.1.1.4 API Standard 650 is not as definitive as API Standard 620 in presenting venting
requirements. Appendix F of API Standard 650 states that the pressure relief devices for tanks
designed for low internal pressures shall be sized and set so that at the rated capacity of the
devices, the internal pressure of each tank under any normal operating condition shall not exceed

the internal design pressure or the maximum design pressure. These pressures are defined
specifically in Appendix F of API Standard 650.

4.5.1.1.4 API Std 650 ¥# 17 APl RP 520 JSFE W A3 il 22K . API Std 650 [# s F AUE K
A S s 2 B ) RS S VB s T BT e fEitt B B I AUEHFE N, IE SRS T S i T
RS Bk R EGR KT R ). 1R S8R J)7E API Std 650 Bt F b B BT

For other API Standard 650 tanks, the pressure relief devices selected should limit the
pressure in the tanks to prevent excessive lifting and flexing of the roofs of the tanks. Lifting and
flexing of the roof of a tank is a condition that is determined by the weight of the roof. The total force
caused by internal pressure should not exceed the weight of the roof and attachments, such as

platforms and handrails. For example, the pressure should be limited to approximately
1.4 inches of water column (3.5 mbarg) for a 3/16 inch (4.76 mm) carbon steel roof.

XTI API Std 650 i, 46 e i e v N BRAIE P9 Iy, DA R Tt FE e B s il . T
AL BN P T R R o N S AR R R AN RE TN B AR (P S AR T R B,
4.76mm(3/16in) )5 h AN BE T ) Hs g Y BRI K2 1.4in 7K (3.5mbarg) .

4.5.1.2 Vacuum FL%¥
A vacuum relief device shall be installed to permit the entry of air,or another gas or vapor,to avoide
xcessive vacuum that may result; however,the required capacity may be reduced for products

34 70, L8l
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whose volatility is such that vapor generation within the permissible operating range of tank
pressure will provide all or part of the venting requirements. In cases in which noncondensables are
present, this should be taken into account.

N 2 28— L M TRCHE P DA S L A AR By e N E P By 1 SRR AR (B A R A A A VR
3 N R A 2 R S A S o T SR, WAz o T RO RE ) AT DL gk
Do AFAEABYIN, EEEIX R

The vacuum relief device shall be suitable to relieve the flow capacity required for the largest single
contingency or any reasonable and probable combination of contingencies. It is permissible to
reduce the requirement for vacuum relief capacity by the rate of vaporization that results from
minimum normal heat gain to the contents.A gas-repressuring line with a suitable control and
source of gas may be provided toavoid drawing air into the tank.The design of a gas
re-pressuringsystem to eliminate the requirement for vacuum relief valves beyond the scope of this
standard and should be considered only when the induction of air represents a hazard equal to or
greater than failure of the tank.

S T BN R M R K B KR A S 2 R A SR AT BE G BRA G PSR AV R . SO VAR
YRHB AR IE T A3 2t = AR VU R B A A M TR RE O 255K . AT RE IS 2 — AR i A 2t A LU <
M4, DLt HATEN o Bk — AU R GRS Bt 025 B0 R SR AN E AR AE Y
Bl W, A BN A e 3 4 TR T I, A4 2% B Rt b R 4e .

In general, the set and relieving pressures for vacuum relief are established to prevent damage to a
tank and must limit vacuum to a level no greater than that fo rwhich a tank has been designed. The
vacuum relieving devices of a tank shall be set to open at a pressure or vacuum that will ensure that
the vacuum in thetank will not exceed the vacuum for which the tank has been designed when the
inflow of air through the devices is at its maximum specified rate.

R, i LA IR B MRS O T B B RER O B RE A R AR EAN K
THBHE . 2972 A KB A N REIT, i B 0 020 i 2 B N A T R S8 B ) N T
Jet, DA ORGEE PN LA JE AN R L B

4.5.2 Installation of Pressure and Vacuum Relief Devices:

4.5.2 [k TR LA ke B 1) e e

Pressure and vacuum relief devices shall be installed to:

K2 RN Y RERER i SR

A. Provide direct communication with the vapor space and not be sealed off by he liquid contents of
the tank.

A: BEESSUMASENER,  HAEE A AR .

B: Protect the tank from the closure of a block valve or valves installed between the tank and the
pressure or vacuum relief device or between the pressure or vacuum relief device and the
discharge outlet. This may be done by locking or sealing the block valves open without installing
excess relief capacity or by providing excess pressure or vacuum relief capacity with multiple
-way valves, interlocked valves, or sealed block valves arranged so that isolating one pressure or
vacuum elief device will not reduce the remaining relief capacity below the required relief
capacity.

B: DI I s 2 B A A 5 s ) s M 2 B R PR IR 1] 2B s g sl s i ke B S T 2
AU ISR PN, AR CRG R . FTIIE A R 7T LI B St P2 T TP T, 1T AN 2246
LS RMECRE ) s B I G £ 20 I PR R A ) T IR A e R 1 el R RE O, XY
W — A [ ) LA IOk B S AN AT AR T B RE ) B B ORI RE 2 T

C:Ensure that the inlet and outlet assemblies, including any block valves, will permit the
relief device to provide the required flow capacity. Inlet pressure losses developed during relief
conditions must be taken into account when sizing the pressure and vacuum relief devices. The
inlet pipe penetration into the vessel, the pressure drop across any block valves used. upstream of
the venting device, and the inlet piping must be considered when determining these losses.

C: WPRA LM AL CRFE AT DI HB ae Al ek B S At pr 75 MR i o A1t Hs ) AL A3 it e ke
BN, AT ERIMTBUE B NI FE D)9 2 e AEAf 8 IR EEHUR N, BEAR AR A L
AREE LU BT TR I s B DL SN 1 A R BB AL A% T
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4.5.3 Discharge Piping: flFi

4.5.3.1 Discharge piping from the relief devices or common discharge headers shall be installed to:
22 s g A L 2 T BB PRI B 2 P PR TS A T

a. Lead to a safe location.

a: 51— A IR

b. Be protected against mechanical damage.

b: ILALRY™, B ENURARIA

c. Exclude or remove atmospheric moisture and condensate from the relief devices and associated
piping. This may be done by the use of loose-fitting rain caps or drains, but an accounting
must be made of the pressure loss effects of these items. Drains, if provided, shall be installed to
prevent possible flame impingement on the tanks, piping, equipment, and structures.

C: A LUHIAAPC & AR 197 T M Il /K V) ok ik 2 TR B AR DA e L KIK 2 B i, AH 2 L X
JUTHI S R o R HEK, JLZ e N EXS e A TE . W M A= Ak g o
d. Discharge in areas that(l) will prevent flame impingement on personneltanks, piping,
equipment, and structures, and (2) will prevent vapor entry into enclosed spaces.

d: HRBIX R (L)B5 e N B3 fiE s B WA R G i E = e K pa s, (2) Bk 28NS P AR
e. Prevent air from recirculating into the valve body during relief conditions to prevent ice from
forming when the relief temperature is below 32°F (0°C).

e: BRI T 32°F (0°C)IF, B ikl &A1 T 28 R A E AN AR, LG gsik.

f. Prevent vapor from the tank from freezing.

fo 7AW R4S

45.3.2 When atank is located inside a building, the tank’s venting devices shall discharge to the
outside of the building. A weak roof-to-shell connection shall not be used as a means for emergency
venting a tank inside a building.

4.5.3.2 LA T RN, A R E N ) A AN TH-58 59 AN HI A A P il
(18 Sl T

45.3.3 Relief device discharge lines from one or more tanks may be connected to a common
discharge header, provided the header complies with the other provisions of this paragraph.
Liquid traps that can introduce sufficient back pressure to prevent relief devices from
functioning properly shall be avoided. Other vents, drains, bleeders, and relief devices shall
not be tied into the common discharge header if back pressures be developed that prevent the
relief devices on the tank from functioning properly. Back pressures developed during relief
conditions must be taken into account when sizing the discharge header, sizing the relief
devices, and compensating the set pressure of unbalanced relief devices (see API
Recommended Practice 521).

4.5.3.3: HEHFRUS BT AT R HARE , — A0 LA RE R 2 P 2] DL S — A3t
FIHEBOR A o Wk A AR, PO B2 AR 20 H BH M3k B IR W s AT . W RE U 15 Ik
BEL o gl i SO E R IS4, DA s 10 . HERE 1 L 0o R M TS AN 13 2 3 FH T
BV o AEHPIBUR R 1B Y L SO B e R DA S M AT it T e B VO I I, % R TBOYT 1A) T
HHs CIL AP HEFF KR Std 521).

4.5.4 Set Pressure Verification.

4.5.4 BT R

The set pressure of all pressure and vacuum relief devices should be verified by testing before the
devices are placed in operation.

FITAT s S AN S R B AR B ANAL AT AT, N S 500 He e s HEA TR

455 Materials of Construction Materials for a relief device and its associated piping shall be
selected for the stored-product service temperatures and pressures at which the device and its
piping are intended to operate. Also, the materials should be compatible with the product
stored in the tank and with any products formed in the vicinity of the relief device during discharge.

4.5.5 Zikaprkl: MBCRE LHANSE LRI S5 MR RIE S, YRR ORAEAE A7 b TARIRE RS T i
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PEENIAAE LT LIS . Jioh,  BPRESCATGRE N 7 WAL, AT HE I ke B PR R i
AP AN o

4.5.6 Maintenance
45.6 4P

For recommended maintenance and inspection procedures, see APl Bulletin 2521 and API
Recommended Practice 576.

AT SR AR, S0 API A% 2521 5 APl HEF#R/EMRE 576,

4.6 TESTING AND MARKING OF VENTING DEVICES

4.6 IWBEE IS ARl

4.6.1 Testing of Venting Devices

4.6.1 I UHEE A IR

4.6.1.1 Determination of Capacity

4.6.1.1 Ry (1 ff &

The capacity of venting devices shall be established by the test methods described in
Sections 4.6.1.1.1, 4.6.1.1.2, or 4.6.1.1.3 or by the calculation method described in 4.6.1.1.4.
For the test methods described in, Sections 4.6.1.1.1, 4.6.1.1.2, and 4.6.1.1.3,the testing
facilities, methods, and procedures and the person supervising the tests shall meet the
applicable requirements described in this paragraph (4.6.1) and in ASME PTC 25; if there is a
conflict, the requirements in this paragraph shall govern.

WAReER N NE 4.6.1.1.1, 4.6.1.1.2 5% 4.6.1.1.3 #4rHHTIRMNER 7%, 503 4.6.1.1.4 H TR
M AT E . X4 T.6.1.0.1. 4.6.1.1.2 F1 4.6.1.1.3 &4 H IR AR ik,  HLR Bt
ik FEPP SR B3 B Nl i A B (4.6.1) Rl ASME PTC 25 Hhifiad (1)3d 22k

The test report shall describe how the venting device was mounted and tested as well as describe
the inlet and outlet piping. If any fluid other than air is used in the test, the name of the fluid actually
used along with the fluid’s temperature and its specific gravity at standard conditions shall be noted
on the test report.

DUARFR 57 I oF T8 720 T 11 222 55 AR DA B3t HE VAP R AT 0 o 2 SR A A8 FH PR A 2 ST A AT
A, AR T ORI A FH A4 44 BR S AEARERAS N USRI G FE R4 T U0 ]

4.6.1.2 Coefficient of Discharge Method: Specific Design of Three or More Sizes

4.6.1.2 fFHCGREGE: =MEl =R L E RS RAR BT

For a specific design with geometrically similar flow paths, a coefficient of discharge may be
established for the line of venting devices by using the following procedure.

XA LA AR AR A AR B T, AT LU BT P v 20 O B TE R TBCR 2

At least three devices for each of three different sizes (a total of nine devices) shall be tested, each
at a different pres- sure. At least one of the test pressures shall be the minimum design pressure or
vacuum for the design, and one of the test pressures shall be the maximum design pressure or
vacuum. The other test pressures shall be evenly distributed between the minimum and maximum
design pressures. All of the test pressures shall be those where lift of the seat disk is sufficient for
the nozzle to control the flow or where the seat disk lifts to a fixed stop.

SROANFRI RS, BRI AR E GUIEIED , BRI AN . B g —
T 0 A de N B s ) B W B0, JF HAT — Ml e ) oA R Bt He sl s e HAb It
Hs 73 NAE B K5 e /N s 0 AR89 A o B 0K Hs 70 38 B BEAS S 1 I JR A A T Pl 2, B
R R BT S ] 5E v

The coefficient of discharge for each test shall be determined by Equation 3:

FERP DU R HE R BN TR 3 B E

Actual Flow (3:Friit &)

K" = Theoretical Flow (¥ £k (3)
)
Where
H37 T, JL81LTT
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Ak

K=coefficient of discharge of the device.
K= & R AR £

Theoretical flow shall be determined by:
PR E -

A. English Units

A. Tl EAL

' kel

| 2 -
| k Pz & PE L
SCFH = 278.700 P, A | | [ 2] = 22
' ! aq'MTZ{k—]}“P') (Pl)

(4A)
Where
Ak
SCFH = theoretical flow rate, in standard cubic feet per hour of test medium (typically air),
SCFH =2igifi e, DAY mT A0 IRIHESL 7 9 JURE /NI 5
A = minimum flow area of device, in square inches,
A =B N, PP oA,
P1 = pressure at device inlet, in pounds per square inch absolute,
P1 =BTy, CARERET- 5o RYE s 175
P2 = pressure at device outlet, in pounds per square inch absolute,
P2 =R B W Ty, DARSRET- 5 o R )75,
k = ratio of specific heats of test medium,
k =R A 5T EE AL,
T = absolute temperature at device inlet(°F + 460),
T =B N L8000 5 (°F + 460),
M = molecular weight of test medium,
M =P BT o) 1
Z = compressibility factor, evaluated at inlet conditions(if unknown, use Z = 1.0).
Z =4, NS RAFRE CinsRoRHn, ] Z=1.00

B. Metric Units

B. AHFRAL
' -2 kel
N/ = 12.503P A |k (ET_(E] ¢
’ s T W MTZ (k- 1) \P, P,
(4B)
Where
I

Nm3 / h = theoretical flow rate, in normal cubic meters per hour of test medium (typically air),
Nm3/h =#liggi s, DOm0 IARHESL 7 K BRI
A = minimum flow area of device, in square centimeters,

A =SB e/ NRAAR, V7 K5

P1 = pressure at device inlet, in bar absolute,

P1 =B ANy, PAAERS T4

P2 = pressure at device outlet, in bar absolute,

P2 =R B W Ty, DAAERS s T4

k = ratio of specific heats of test medium,

k =S BT B AR L

T = absolute temperature at device inlet (°K),

T =258 N 40 %
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M = molecular weight of test medium,

M =P B o) 1

Z = compressibility factor, evaluated at inlet conditions(if unknown, use Z = 1.0).

Z =GR, NV R SRAGHE Gk, AT Z=1.0)

A best fit curve of the coefficient of discharge of the devices tested versus the absolute pressure
ratio across each device shall be plotted. All measured coefficients shall fall within £5 percent of the
curve (see Figure 1). The flow capacity for any pressure within the test pressure range shall be
calculated by multiplying the theoretical flow for that pressure ratio by 95 percent of the
corresponding coefficient of discharge for that pressure ratio as determined by the best fit curve.

2o T P U 2B T R BB B 2 B AN s ) B e i e 1 o AT DA 1) R 8 Y A 1 2 +5%30
NOCOLEIR 1 o s 736 Bl A AT S R N i v 5, Gl IR e s ) B BRI, T
i 5 3 HH 2 7 11 b s g BU B 0 S HETBCR £ 95%453 H

All measured coefficients shall fall within +5 percent of the curve (see Figure 1). The flow capacity
for any pressure within the test pressure range shall be calculated by multiplying the theoretical flow
for that pressure ratio by 95 percent of the corresponding coefficient of discharge for that pressure
ratio as determined by the best fit curve.

FTAT R IR R BOR ZE A A% AR IE A 5% 2 (8] (LK 1) o AR Y Y AR 2 Hs )1 i B
N LA IR IE, DK 95% Bk [ HURE R ERT & iz s ) 1 B A 4k

4.6.1.2.1 Coefficient of Discharge Method: Individual Valve Method

4.6.1.2.1 HURLRHOE: MO ]k

A coefficient of discharge may be established for each size of device by using the following
procedure.

PR LU AP BR, R gl RO 2 B St EHVRL R 20

Four devices for each combination of pipe size and orifice size shall be tested, each at a different
pressure. At least one of the test pressures shall be the minimum design pressure or vacuum, and
one of the test pressures shall be the maximum design pressure or vacuum. The other test
pressures shall be

evenly distributed between the minimum and maximum design pressures. All of the test pressures
shall be those where lift of the seat disk is sufficient for the nozzle to control the flow or where the
seat disk lifts to a fixed stop.

AR IIT, 4 G MR TERSR I 1 HRSTRL H RS AR 23 T . Il ) b
— PP AR LR /N R B LA, — RO R B s B R . AR s ) W A R KRR N e
Hs ) Z 181383 9341 o AT R s g A I e ()RR e B2 T LAt A A A o U ) i Rl R FR) 42 T s
JEE IR [ E B O T o

The coefficient of discharge for each device shall be determined as described in Section 4.6.1.1.1.
A best fit curve of the coefficient of discharge of the devices tested versus the absolute pressure
ratio across each device shall be plotted. All measured coefficients shall fall within £5 percent of the
curve. The flow capacity for any pressure within the test pressure range shall be calculated by
multiplying the theoretical flow described in Section 4.6.1.1.1 for that pressure by 95 percent of the
corresponding coefficient of discharge for that pressure ratio as determined by the best fit curve.
BEG WA TEVRL R BT L 4.6.1.1.1 sk B IR R BORAAU A th 8 NV i 5 4] K ) bt
Bl BT I AR HNAE IR A7 5% 8]0 AENNR IS VI N AR RIS ) R R E ALY, 4.6.1.1.1 HH g 2E
WU, B4 95% W IRl VR R BT & 12 s 0 R e A it 2.

4.6.1.2.2 Flow Capacity Method: Specific Design Type

4.6.1.2.2 WEE: fFHRKITRE

For a specific design type, at least one production venting device of every size shall be flow tested.

Each venting device shall be set at its minimum design pressure or vacuum, and flow

measurements shall be made at sufficient increments above set pressure or vacuum to establish a

flow capacity

curve. These measurements shall be made at pressures in the vicinity of the opening points,

particularly at 1.10, 1.20, 1.50, and 2.0 times the opening pressure and 1.50 and 2.0 times the

opening point on vacuum, to establish the flow capacity at these points. In addition, the flow

capacity shall be measured

where lift of the seat disk is just sufficient for the nozzle to control the flow or where the seat disk lifts
#3971, HLe1ut
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to a fixed stop. This data may also be used to establish a flow capacity curve for set pressures or
vacuums greater than the maximum pressure tested, provided it can be demonstrated that the
extrapolation of the data is valid.

XEFRFIRIN B EAL, DA S IR RE DS R B2 B 0T EE M. A s R
i EE PR R N I D B R R DL 5 Ui AU BEAE BE T s ) B2 2 A 1 B AT A LA
SEYUI LR o X LSRN AE T RIS 2B T, Rl e 0T Ja B 01 1.10 %, 1.20 i, 1.50 i
A2.0 1%, FILATFIA R 1.50 f5A1 2.0 {5, ZEMd e e IX L m . [N, U s NzAE
VR R 52 Ty 2 M A 7 T 2 TR B PR I D B R B T e P [ (R D0 o X 8K 2 m] A
KA RE AEBE VT i ) B v T i K s i N R o T SRAB RS MR R VR 1

095 T
|- Best fit curve of
- measured coefficients

0.90
< 085 ¥ = L
@ A - P Maximum limit {105% of
g -~ A * - best fit curve values)
@ 080 — ==
E=] ~ - "—._____
5 ~1_ A \.\ A A -
= T~ - -
< 075 P A A
k= ~
@ L “-—-\_\_\_\_‘_\_\_\_‘_\‘
3 o P S A —

0.70 Minimum limit (35% of Il —

best fit curve values) . T
Valve coefficient of
discharge for I S
0.65 published capacity =
0.60
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

. P.
Absolute pressure ratio | —
(P‘) Figure
1—Typical Ratio Limits for Capacity Testing of Venting Devices Using the Coefficient of Discharge
Method

P 10 Ve et EVRE 2R 0 6 0 DX S 28 L A3 B 5

4.6.1.2.3 Calculation Method: Manhole Covers -5 J5:0: AfLiMK
The flow capacity for any pressure in which full lift of a manhole cover occurs can be calculated by
multiplying the theoretical flow described in Section 4.6.1.1.1 by 0.5.
XS TAEATAT ) T Be s 58 PR N fLaa i it /T LU 4.6.1.0.1 #7r ik i B i i3k L 0.5
At
4.6.1.3 Test Tank HAHE
4.6.1.3.1 The test tank shall be constructed to prevent high velocity jets from impinging on the
venting device.
D EE £ 2y I 97 08 e T HL 7 A ) ey e
4.6.1.3.2 Pulsations in the test medium supply shall be dampened to avoid errors in flow metering.
WA o b as e e ik sy, DLt v &
4.6.1.4 Mounting of the Venting Device for Testing Ml i 1 3% & 1) % %%
4.6.1.4.1 To minimize the effect of entrance losses, the venting device shall be mounted on the top
of the test tank at a location near the center of an area that is essentially flat. The flat area shall
have a diameter at least five times greater than the nominal diameter of the device tested.
R N VA5 TR Y 22 2B A U S TP S 3 0 ) — N AP T ) DB b3 X
AR 224 270 DAy e IR N R ELAR R A%
4.6.1.4.2 The venting device shall be mounted for testing on a straight-pipe nipple that has the
same nominal diameter as the venting device and a length 1.5 times the nominal pipe size. The
pipe nipple shall squarely enter the top of the test tank near the center of the flat portion, with the
end of the nipple machined to an angle of 90 degrees with the axis and flush with the inside of the

240 7L, L8l
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tank. Rounding of the entrance edge shall not exceed a radius of 0.031 inch (0.80 millimeter).
DI, 3R N 2 e A A U B B AT AR A A PR EAR R A R o SR B A
EAREACH 1.5 1% o PRI R Y Y3 ELE N DU TCHE TS O HLEE P 20 DCRrboty, 7 Sk B AL N T
B Ze K 90 AT H S MEPNREY- S5 . ME IR, PARAE H 0.031 9+)(0.80 Z=K).
4.6.1.5 Flow Metering i &1it&
4.6.1.5.1 Air or another suitable gas shall be employed in testing the venting device.
3R FH 2 A 5 36 ) A R T e
4.6.1.5.2 The air or gas flow shall be measured in accordance with ASME PTC 19.5.
V4% H ASME PTC19.5 il & 72 B 1 -
4.6.1.6 Capacity Data i< it /) £#s
4.6.1.6.1 The capacity data shall be presented in the form of curves or tables that give the volume
of flow through the venting device versus pressure or vacuum at the tank connection. The data
should indicate the pressure or vacuum at which lift of the seat disk is sufficient for flow through the
venting device to be controlled by the nozzle or where the seat disk lifts to a fixed stop. The data
should indicate the pressure or vacuum where the venting device closes. The capacity for a
pilot-operated venting device that opens fully at set pressure or vacuum may be expressed as a
coefficient that is the ratio of the flow of the venting device to the flow of a theoretically perfect
device with the same minimum flow area.
T AAE I WAL HT th Ze sl Rk (07 2ok Feor, 5 il i T8 R B iU o B il T B Ak 1) s ) B
PR L2 IR AR . ICBIR N AETR I 7E2 KIS B SO B, s M i ) DA e e i
BN AL DA AL, B A WA T 21— ] g 5 1B A B Y B Sl sl U O AT I FR s ) B
PSS o AT AEBOE e ) BRI S BN A JF e e el U, Ham A iae el 1 R ECk R, R
A AEA [R] ) s /N TR AR S A 30 O B U ey BEARR B R 2 L
4.6.1.6.2 The capacity shall be expressed in terms of SCFH at 60°F, or Nm3/h at 0°C, of air.
TSI N 60 e [ IS BRifl N7 7 9% RURE /N IR B Z2 58 QP ISP AR R SZ 7 KB /NI (R 3 AR R
4.6.1.6.3 Pressures shall be expressed in ounces per square inch, psig, inches of water, mbarg,
barg, or millimeters of water.
Fs N # w7 96t s W REPF T 96 (RIR) . S1KAE, =, B i 2KKEERE R
4.6.2 Marking of Venting Devices i (2% % 51
Each venting device shall be plainly marked by the manufacturer with the required data so that the
marking will not be obliterated in service. The marking may be placed on the device or on a
plate or plates securely fastened to the device. The required data may be stamped onto, etched in,
impressed on, or cast in the device or nameplate.Although additional units may be shown, the
marking shall, as a minimum, include the following:

FEAN I BN e 3 A AR I R R T SRR BB 1A R R I R LI AN R PR
A PR T R AT AR I, B R [ E T E N L AT AR . AHOCE nT R ED L Bl
R 0 A A E B B nTREAR R B HA 9 2 R DL R LR ks b
a. The name or identifying trademark of the manufacturer. illid 75 1142 FR 8825 000 7 b
b. The manufacturer’s design or type number. i3 7 ¥ 1T B2 8 4 5
c. The pipe size of the device inlet. %% & A 1%
d. The set pressure and/or vacuum, where applicable, shall be expressed in the units of measure
specified in Section 4.6.1.6.3.

VOB AR E A (AED FH 4.6.1.6.3 5 L& (1B B B0 R o
e. The rated capacity of air at the indicated relieving pressure in SCFH at 60°F or in Nm3/h at 0°C.
SRR T RIS SBUEHE, 478 SCFH @60°F 5 Nm3/h@0°C.
f. The relieving pressure and/or vacuum, in the units of measure specified in 4.6.1.6.3.
MBSO SR B2 B, H.6.1.6.3 HHRIE (R B SR K R

5 Refrigerated Aboveground and Belowground Tanks b b B{HE A% it i

5.1 GENERAL #Hik

This section covers the normal and emergency vapor venting requirements for refrigerated liquid
petroleum products storage tanks designed for operation at pressures from vacuum through 15
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pounds per square inch gauge (1.034 barg). A refrigerated liquid petroleum products storage tank
may be the inner tank of a double-roof, double-wall tank; a double- wall tank with a suspended deck;
or a single-wall tank with or without a suspended deck. Discussed in this section are the causes of
overpressure or vacuum; determination of venting requirements; means of venting; selection,
installation, and maintenance of venting devices; and testing and marking of relief devices.

SR 3 A AR VR A A k™ i i R ) T MBS RO K, BT A R ) e NS 3 15 W5~ T 9T
(1.034 L& H) o AR IBAS A7 V1™ it i G P Lt ST XU 7R A 8 ) PN L P A At o T OURE R, i i A
TR B . AT IR T AR IS RS R L e T REEK . JARUTVE TR E
LN YES LA s 2B B A A

5.2 CAUSES OF OVERPRESSURE OR VACUUM it J&s o .25 ) J5 [A]

5.2.1 General Mt

When the possible causes of overpressure or vacuum in a refrigerated tank are being determined,
the following circum- stances must be considered:

PERFE AR GE 7™ A2 T s B 2 (R mT R SR RN, A 20025 F& LA JL A O
a. Liquid movement into or out of the tank. V& {43k H i i
b. Weather changes (e.g., temperature and pressure changes). &A= (n¥i & F1 < 48 10)

c. Fire exposure. %&#5 T KR
d. Other circumstances resulting from equipment failures and operating errors.

B IR AT B AR R P U LR DL

Some of these circumstances are described more fully in Sections 5.2.2 through 5.2.5. There may be
additional circumstances that should be considered and evaluated by the designer but are not included
in this standard.

XL LUATLEAE 5.2.2~5.2.5 T TR, ATRELA — L3l & N B VR LB OL, HARREAEAR
PRUEZ N o

5.2.2 Liquid Movement Into or Out of a Tank
5.2.2 RMAIE it

Inbreathing may result from the outflow of liquid or vapor from a tank. Outbreathing may result from the
inflow of liquid into a tank and from the vaporization, including flashing of the feed liquid, that will occur
because of the inflow of the liquid.

WA B N RET AT AT RS BB o AR AGEREAY UL (DR HERRRR N ZE) = FEUTH

Flashing of the feed liquid can be significant for feed that is near or above its boiling point at the pressure
in the tank.Vapors generated during the filling operation also may come from a warm fill, from inlet piping
heat leak, inlet pump work, cool down of the tank and fill line, and vapors displaced by the incoming
liquid.

U RS PR B T N I 3Lk R, HERL N ZE 2 LU TR . RN IA) 2 AR R AR T g
kAR ARG BERME L MR . BERIE AT TR 78R 2 1) [l LA R TR BRI e 4

5.2.3 Weather Changes K524k

Vacuum can develop in a tank when the ambient conditions (temperature, wind, precipitation, etc.)
change and cause a reduction in the temperature and vapor pressure of the liquid in the tank.

L EIAEE G X BEKEE) BRI, FEMREE AN 25/ AR 305, I | B P Tk AN A VR AR ) 287U
R

5.2.4 Fire Exposure

5.2.4 KK
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Outbreathing will result from the expansion of the vapors and evaporation of the liquid that occur
when a tank absorbs heat from an external fire.

Ak HE SR KSR K R RS REINY, I H A1 7 A F ZVR ARARAA FR 28 K

5.2.5 Other Circumstances

5.2.5 HAhE M

5.2.5.1 General
5.2.5.1 #ER

When the possible causes of overpressure or vacuum in a tank are being determined, other
circumstances resulting from equipment failures and operating errors must be considered and evaluated
by the designer. Calculation methods for these other circumstances have not been provided in this
standard.

SE A E A 7 AR T AT B0 P AT RE st DRI At o, AL 7 2 T 8 B M3 A IR (N R DL e 20 e T
N G35 RERPP AL o AEIXANhr e BLARRAT $R X S FLA RS D R 557k

5.2.5.2 Pressure Transfer Blowoff

5.2.5.2 R IR HBEIN

Liquid transfer from other vessels, tank trucks, and tank cars may be aided or accomplished entirely
by pressurization of the supply vessel with a gas, but the receiving tank may encounter a flow surge at
the end of the transfer due to vapor breakthrough.

BARRIFRE ok B IR A &8 WEZ . REAmT LU A3, B L se Al ~UARHg i JsURb A as 3RS, (HE
T REAE HERL AR Y18 2l 3 BOR A ZE I o

Depending on the preexisting pressure and free head space in the receiving tank, the additional gas
volume may be sufficient to overpressure the tank.

AR5 SE 1T (14 Hs 3 A ECRE R TOURE S 1], B0 R AR R AL LA HE i

The controlling case is a transfer that fills the receiving tank so that little head space remains to absorb
the pressure surge.

PSSR T AL > DG, P AT A ek R PN 206 /DN [ T 2 [ AR AT B3 1R P 7

A similar situation can be encountered during line pigging if a vapor chaser is used after the pigging
device.

WERAER VRS B R HIZRTGE T, AR E N 2B RS E .

5.2.5.3 Inert Pads and Purges
5.2.5.3 T LB 5

Inert pads and purges are provided on tanks to protect the contents of the tanks from contamination,
maintain nonflammable atmospheres in the tanks, and suppress vapor emissions from the tanks.
An inert pad and purge system normally has both a supply regulator and a back-pressure regulator
to maintain interior tank pressure within a narrow range. Failure of the supply regulator can result in
unrestricted gas flow into the tank, reduced gas flow, or complete loss of the gas flow. Failure of the
back pressure regulator could result in overpressure.

X R SR Ik a5 WA LAOR P (B E N DRI ANSE TS % o AR i PAY P AN T AT S5 - 00 1 £ 6 1) A
HERSC MR WA R G AT NIRRT AN s U IR ORAEEE A [ ) HERF AR R
o B Y IR R oy B U A BRI BE AR RE . AR T BB AR e b . 79 R
TR e 2y 3 E0L

5.2.5.4 Heat Transfer Devices
5.2.5.4 L E
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For a tank with a cooling jacket or coils, liquid vaporization, resulting from the loss of coolant flow must
be considered.

XFATR A B BT I E, A5 RV TR BRI 3 BRI A AL

5.2.5.5 Internal Heat Transfer Devices
5.2.5.5 Wil fE ke E

Mechanical failure of a tank’s internal cooling device can expose the contents of the tank to the cooling
medium used in the device. In low-pressure tanks, it can be assumed that the flow direction of heat
transfer medium will be into the tank when the device fails. Chemical compatibility of the tank contents
and the heat transfer medium must be considered.

i HE PAD T8> 212 PRI L s 2 A 0 P o i B B b BT RV B0 ot AR, w] A e 4%
T BN IR AR T Tt I E N o 0620075 R A W RE AT FA ™ S AR AR 2

In addition to the consideration in Section 5.2.5.4, internal cooling devices have other potential causes
for overpressure or vacuum that must be considered. The disposition of the tank contents until the
device can be repaired or replaced must also be considered.

BT 5.2.5.4 Wb 5 SR IAL, /55 BT RES | TR BRI A I 8 A ARV 2R L o 7R BB B el
SR, 2N REAEEE A YU AL B

5.2.5.6 Vent Treatment Systems
5.2.5.6 JHUC= UL BE R S

If vapor from a tank is collected for treatment or disposal by a vent treatment system, the vent collection
system may fail. This failure must be evaluated.

YR RA G A (AR B AL B AR G R A T A I, e SR R AT ml gk, 20
XX T AL o

Failures affecting the safety of a tank can include back pressure developed from problems in the piping
(liquid-filled pockets and solids buildup), other equipment relieving into the header, or blockage due to
equipment failure.

S At R 2 A VR A B B ) AL (TSR B W AR SR TR 7 T s 8 e A6 I 8 e A st
For WA 32 R ) 2

An emergency venting device that relieves to atmosphere, set at a higher pressure than the vent
treatment system, is normally used. For toxic or hazardous vapors, a fail-safe vent treatment system
should be conside.

HHHALH] A S SOl AR O, HBOE I T e U B R G WA R e R AR, N
JEAL P Wb 22 A AR BE AR

5.2.5.7 Utility Failure
5.2.5.7 A R Gl

Local and plant-wide power and utility failures must be considered as possible causes of overpressure or
vacuum. Loss of electrical power will directly affect any motorized valves or controllers and mayalso shut
down the instrument air supply. Also, cooling fluids may be lost during an electrical failure.

AU AN SBE T L g TR B 2R 0 A 06 A0 Ay e s L (1 T R R R T 5 8 o sy LS
JITAT B I e 2%, e AT AGR X T L, HU) T It T e S 04 JIA B 4 K

5.2.5.8: Change in Temperature of the Input Stream to a Tank
5.2.5.8: BEREYIRHIEE AL

A change in the temperature of the input stream to a tank brought about by a loss of cooling or an
increase in heat input may cause overpressure in the tank. A reduction in vapor pressure brought
about by the introduction of sub-cooled product into the vapor space may create a vacuum
condition.
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FH 7 B35 K i A\ R I SO BERE YRR A AR, XA e SRS . A8 G
SURSINSIES Gl e WEN o ISPt SN o

Note: Relief valves are normally not sized to relieve vapors generated during “rollover.” Although
vapors generated during rollover are a source of potential overpressure, there are no generally
recognized methods available for calculating the relieving requirements of these vapors. Proper
design and operation of the storage system are essential whenever an attempt is made to prevent
rollover (see Section 9 of API Standard 2510).

TRE: MBI IR 28— AN R BRI S B AR 28R . AR IX 2 S BUB i AR BRI, 3
A DI TR XA 28 T F K o R 6 (0 TR B v AR E 2 7 B BRI A
IR A, (W, API 2510 %5 9 #43) .

5.2.5.9: Chemical Reactions
5.2.5.9: tb22 NV

The contents of some tanks may be subject to chemical reactions, which may generate heat and/or
vapors. Some examples of chemical reactions may include inadvertently adding water to acid or
spent acid tanks thereby generating steam and/or vaporizing light hydrocarbons, runaway reactions
of phenol tanks, etc. In some cases, the material may foam, causing two phase relief. Technology
developed by the Design Institute for Emergency Relief (DIERS) may be used to evaluate these
cases.

SELEAHEE A R RE 2 A B S S, P AE RN A N, S e N RE RS . A
JEIKIN ) T PR E s PR R E ST AR B T AV BV IR SN AR . AERLEEE LR, AR
SRR, PEPTIS. WA R SRR R Gt B (DIERS) A IEA K PHAIX LA L .

5.2.5.10 Heat In-leak

5.2.5.10 #EBN:

Heat in-leak to a refrigerated tank can cause overpressure in the tank.
PAB N TEIN 2 3 B0 N

5.2.5.11 Liquid Overfill Protection
5.2.5.11 Wik & ke

For information on liquid overfill protection, see API Standards 620, 2510, and APl Recommended

Practice 2350. Liquid overfill shall be prevented by providing positive design and operation steps,

such as two reliable and repairable level instruments and an independent high-level alarm that

independently stop the filling operation by closing the filling valves.

TR B ARG E E, 3 0UbsME API620. API2510 K API JE¢7 URE 2350, 3 i $2 0k 1E A i)

THAERAE D RO By (e A I B rn e, 90 P A T S ST R AR IR T AR — AN S i VR A 4R e
CE el I G P e 26 1 T B 7 45 7e e D

5.2.5.12 Atmospheric Pressure Changes
5.2.5.12 KL

Arise or drop in barometric pressure is a possible cause of vacuum or overpressure in a tank.

KA s A 1 e S B0 P = P e

5.2.5.13 Control Valve Failure
5.2.5.13 i I i e

Failure of a control valve on the liquid line to a tank must be considered because a control valve
failure may adversely affect the flow of material to a tank. A control valve failure may cause the
liquid flow rate to a tank to increase, and an increased liquid flow rate may overload a cooler,
causing higher temperature material to be admitted to the tank. A control valve failure may also
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cause the liquid level in a pressurized vessel feeding liquid to a tank to drop below the outlet nozzle,
allowing vapor from the vessel to be pressured into the tank.

WA R A HE VR AA T NS e L A ol W A A AR RO IR 0 BRI DA 32 i I i o T g e i i A 0 bt AR AN
HMIFEm o 25 1 b S SO R AR BRI, MR A R R R I Ve AN ST, AERERE R YRR T
oo 28 T I B3 2 S ) R GBI R ) A BT AR S R DU, TS 2 N E 1A 3 R
Nt -

5.2.5.14 Steam Out
5.2.5.14 ZVRWH

If an un-insulated portion of a refrigerated tank is filled with steam, the condensing rate due to
ambient cooling will exceed the venting rates specified in this standard. Other steps including large
vents (open man-ways) and slowly cooling the tank are necessary to prevent excessive internal
vacuum.

W SRV BE I A DRI 70 AR 287, T RABER A, v il R S el ARSI e il A = . B ik
SEN L Ry, ORI LA, A G ORI 38 (IO (8 N AL) R G218 v 2 i o

5.2.5.15 Pump Recycle

5.2.5.15 Z{{H

Vapors generated during the operation of a pump on recycle or during recirculation can cause tank
overpressure.

FERAEIA AR IAIRAE I 0] 7 2R (R 2 3 SO s

5.3 DETERMINATION OF VENTING REQUIREMENTS
5.3 WA ERE I E

5.3.1 General
5.3.1 Hiik

Although design guidelines are not presented in this standard for other circumstances discussed in
Section 5.2.5, they should be considered. Venting requirements are given for the following
conditions:

BIRAPRUERXS 6.2.5 WA MILERHOHR I BHE 38r, (HNAZH BRI R AU
ST EOR

a. Inbreathing resulting from maximum outflow of liquid from the tank.
a. E R A B i B T AR RN

b. Out-breathing resulting from maximum inflow of liquid into the tank and maximum vaporization
caused by such inflow.

b. Ik GE KA s RSN AT I 5 RS 1 B RO BRI A R

c. Out-breathing resulting from fire exposure.

C. ik T UM = AL T

5.3.2 Requirements for Normal Venting Capacity
5.3.2 IEHITHES I EEK:

5.3.2.1 The pressure relief devices shall be suitable to relieve the flow capacity determined for but
not limited by the largest single contingency or any reasonable and probable combination of
contingencies, assuming that all of the outlets from a tank are closed.

5.3.2.1 MBS AHHE P A HS P OC T, MR Y S T ((HANBR T il f KB R A ek %
YR AT BRI G BRLH S A 8 R &

5.3.2.2 The vacuum relief devices shall be suitable to relieve the flow capacity determined for but
not limited by the largest single contingency or any reasonable and probable combination of
546 U1, HL81 T
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contingencies. It is permissible to reduce the requirement for vacuum relief capacity by the rate of
vaporization that results from minimum normal heat gain to the contents. A gas re-pressuring line
with a suitable control and source of gas may be provided to avoid drawing air into the tank. If a
gas-re pressuring system is used, it shall be used in addition to the vacuum relief devices, and no
capacity credit shall be allowed.

5.3.2.2 FLA I JH0RE B N IR K B R A S R 22 IR A S AT BE R S BEZE S T SR R AR fO
VEAREGE A )5 A I 1 A3 R ™ A AV A B R PR L 2o T TR BE ) SR o T — MRy 3 A 2l A <
PR AL, DAt A RE o SRR TR I R GE, BN D B M R A R Al 1
BEE, AHAT PRI i PRI ke B AR RE ) .

5.3.2.3 The requirement for venting capacity for maximum liquid movement out of a tank should be
equivalent to 5.6 SCFH of air for each 42 US gallon barrel (0.94 Nm3/h per cubic meter) per hour of
maximum emptying rate for liquids of any flash point.

5.3.2.3 LA PN s ARVB AU LB A P SR I8 R, A 2 TR ORHRROA R 42 SEne /b, TR
0 5.6 SCFH CHRU R IR A 1 37 JHOKI/INEE, 384 0.94NmM3).

5.3.2.4 The requirement for venting capacity for maximum liquid movement into a tank and the resulting
vaporization should be equivalent to 12 SCFH of air for each 42 US gallon barrel (2.02 Nm3/h per cubic
meter) per hour of maximum filling rate (see Appendix A for the basis of this requirement).

5.3.2.4 F KU EGE B LR AR R IR AR, A Y TR R R 42 £/, i@
<54 12 SCFH(2.02Nm3/h/em3). (ISR A4 WL B % A) o

A tank into which liquid is fed at or near the boiling point at the tank pressure may require an
out-breathing capacity that is higher than the capacity indicated above. The values presented above are
based on vaporization of 0.5 percent of the feed liquid; significantly higher vaporization rates can occur if
the feed is above the boiling point. For instance, with hexane, 0.4 percent of the feed can vaporize for
every 1°F (0.56°C) above the boiling point at tank pressure.

SR T, BUARTE L A B e B E N A TS A7 0] REZER R H S b T de i . i s B
S St TR YA 0.5% . WSRO B T, kR s m . DLAKE A FEREE T,
fF ks 1°F (0.56°C), HERHAL G218 N 0.4%.

Note: Protection against liquid overfilling is not covered in this standard, but it is covered in AP| Standard
620 and in APl Recommended Practice 2350.

TERE: AbrER IR AL BBy, (E4E API620 AT API #EFE MRS 2350 Hi1T .

5.3.3 Requirements for Emergency Venting Capacity for Tanks Subject to Fire Exposure
5.3.3 il ik T KCKIN I B Ol e 22K

When storage tanks are exposed to fire, the venting rate may exceed the rate resulting from other
conditions. The procedures in Sections 5.3.3.1 and 5.3.3.2 shall be used to evaluate the required venting
capacity for tanks subject to fire exposure.

UG TR EE TR, T B A e ] BB S A S 0 S s A . YR AR 5.3.3.1 RIS
5.3.3.2 715 H 10 BRR A B A R e T K RIS T I R

5.3.3.1 Emergency Venting for Fire Exposure for Single-Wall Refrigerated Storage Tanks
5.3.3.1 Fk iR T U A HEE A il 1) X SE

For tanks subject to fire exposure, the required venting capacity shall be determined by Equations 5A or
5B.

X T B e T RIIBEE, Pl URE S N U5 RE 5A B 5B SKHfIE o

A. English Units
A. T A

SCFH= 3.091x QF/Lx(T/M)"0.5 (5A)
47 7, L8l
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Where
e

SCFH = Venting requirements in standard cubic feet per hour or air,
SCRH=II LR, WL RN b7 7 B 2

(iX LI or W% of,i5F PDF S5 23 THIfRR)

Q = heat input from fire exposure, in BTU per hour. Heat input is provided in Figure B-1 of Appendix B or
the following summary:

Q= M KALF N #E, B0 ] BUT (S AR BLAL) /N I B 5% B B B-1 501 11 AR 25 5B 20 P i T oA
.

MR TARCF 7 58] (51~ 05 95F)

7 200 <15 Q=20,000A

>200 and <1000 <15 Q=199,300A"0.566
>1000 and <2800 <15 Q=963,400A"0.338
>2800 <15 Q=21,000A"0.82

A = wetted surface area of the tank, in square feet (see the footnotes for Table 5A),
A= BET TR, AT 9 R (LR BA TR

F = environmental factor from Table 6A. Credit may be taken for only one environmental factor,

F= % 6A MR . FURH— A5 B A 5

L = latent heat of vaporization of the stored liquid at the relieving pressure and temperature, in BTU per
pound,

L= FEMBUR S ANEE &, EAE R AT 3, A BUT/R

T = temperature of the relieving vapor, in degrees Rankine. It is normally assumed that the temperature
of the relieving vapor corresponds to the boiling point of the stored fluid at the relieving pressure,

T=MECR TR, S PR o T B T ATt R0 3 s g A A PR o

M = molecular weight of the vapor being relieved.

M= Bl o 1

B. Metric Units
B. AHAL

Nm3/h=881.55Xqf/Lx(T/M)"0.5 (5B)

Where
RH

Nm3/h = venting requirement, in normal cubic meters per hour of air,
Nm3/h= JCAs Bk, BRI 3 AL K 2 A,

Q = heat input from fire exposure, in watts. Heat input is provided in Figure B-1 of Appendix B or the

48 7L, JL81 T
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following summary:

Q=M32 KALE A R, P BT BN B (] B-1 BN 1 5 45

o4

S P TR

wetted surface area Design Pressure .

(Square mm) (psig) wiffejy  Heatinput (Bt
BT k) (i) MARE (LK)
00 0 <1.034 Q=63,150A

>18.6 and <93 <1.034 Q=224,200A"0.566
>93 and <260 <1.034 Q=630,400A"0.338
>260 <1.034 Q=43,200A"0.82

A= wetted surface area of the tank, in square meters (see Footnotes for Table 5B),

A=HET R AR, SRR (IR 5B HVER-D

F = environmental factor from Table 6B. Credit may be taken for only one environmental factor,
F= % 6B MR # . FURH — A5 B R 5

L = latent heat of vaporization of the stored liquid at the relieving pressure and temperature, in kJ/kg,

L= FEMOBE AR~ fEAE R A A, A T s

T=temperature of the relieving vapor, in degrees Kelvin. It is normally assumed that the temperature of
the relieving vapor corresponds to the boiling point of the stored fluid at the relieving pressure,

TR RS, AR o 308 AR T80 R B N TIOR3 e
M = molecular weight of the vapor being relieved.
M= RV 2 1o

5.3.3.1.2 Where a lesser degree of accuracy can be tolerated, the required venting capacity can be
determined from Table 5 or Equation 5, as indicated in the following summary:

5.3.3.1.2 fEANESRARHAGHAMTOL T, ZORIVIE TR W 3% 6 By sl 5 g, i 7l B &
Jos:

For English Units:

Jedhl AL
Wetted Surface Area (square Design Pressure (psig) #ilJk /) Required Venting  Capacity
feet)iH¥ER A (F-J7K) (psig) (SCFH) i HEik e J1(SCFH)
<2800 <15 Table 5A and 5.3.3.1.3 kX 5A &
5.3.3.1.3
22800 <15 Equation 5A J5 £ 5A
SCFH =1107FA0.82 (6A)
where
o

SCFH = venting requirement, in standard cubic feet per hour of air,
SCFH = i} #3Kk, SM3/H

F = environmental factor from Table 6A. Credit may be taken for only one environmental factor,
%5 49 51, FL 81t
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F = 6A TG 7. A — IR 71l 1E,

A = wetted surface area, in square feet (see Table 5A,Footnote a).
A = TR, m2(UL% 5A, HiE a).

Note: Equation 6A is based on
W JifE 6A T

Q=21,000A0.82
Q=21,000A0.82

or
e
For Metric Units:
AT VA
Wetted Surface Area (square Design Pressure (barg) “F>J7>Kk Required Venting Capacity
feet) HMER I Wil Ik Ji(barg) (Nm3/h)
W HGE )1 (Nm3/h)
<260 [11.034 barg Table 5B and 5.3.3.1.3

#5B LL}¢ 53313
1260 [11.034 barg Equation 5B

Ji T4 5B

Nm3/h=208.2FA0.82 (6B)

where
o

Nm3/h = venting requirement, in normal cubic meters per hour of air,
Nm3/h =Nm3/h =i %k ,Nm3/H

F = environmental factor from Table 6B. Credit may be taken for only one environmental factor,

F =6B I R 7 A — NI A 7 T,

A = wetted surface area, in square meters (see Table 5B, Footnote a).
A =l R TR, m2( WL 5B, HIVE a).

Note: Equation 6B is based on
HEETHE 6B He T

Q=43,200A0.82
Q=43,200A0.82

The total heat absorbed, Q, is in BTU per hour for Equation 2A and in Watts for Equation 2B, Table
5 and the constants 1107 and 208.2 in Equations 5A and 5B, respectively, were derived from Equation 4
and Figure B-1 by using the latent heat of vaporization of hexane (144 BTU per pound 335,000 J/kg) at
atmospheric pressure and the molecular weight of hexane (86.17) and assuming a vapor temperature of
60iF (15.6;C). This method will provide results within an acceptable degree of accuracy for many Ruids
having similar properties (see Appendix B).

M RRLBE A, Q, AETTHE 2A A2 LA BTUM 4 SAA7 i 7E 75 7% 2B FI3E 5 & L W ok B 3% BA Rk
5B "1 %L 1107 A1208.2, M UL T CbE 28 A0 #4(144BTU/pound, 335,0000/kg ) 7EfBGE TLAE K
L0 60°F(15.6°C) %A N 70 M WS e 4 F1E B-1 433,

250 7L, Jt81 T
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5.3.3.1.3 The total rate of venting determined from Table 5 may be multiplied by an appropriate
environmental factor, F, selected from Table 6. Credit may be taken for only one environmental factor.

5.3.3.1.3 {13 5 52 E M HBGE AT e T — R 6 FRIEHUE MK 7o AU — DB T
A,

5.3.3.1.4 Full credit may be taken for the venting capacity provided for normal venting, since the normal
thermal effect can be disregarded during a &THORN;re. Also, it can be assumed that there will be no
liquid movement into the tank.

5.3.3.1.4 JEAE KIS T WAL N AT LA 2, AL R A HERE 2 nT EL A5 1. R, mTRMEGE
BAT WA B B e o

5.3.3.1.5 If normal venting devices are inadequate, additional emergency venting devices of the type
described in Section 5.4.2 shall be provided so that the total venting capacity is at least equivalent to that
required by Table 5 or Equation 4 or 5.

5.3.3.1.5 WIREMHBR A AIEY, B 5.4.2 TH T AN 2 SRR 8 Nz R DUELE (RSO ) 52
DEETAR S B TR 4 55 PR,

5.3.3.1.6 The total venting capacity shall be based on thepressure indicated in Section 5.5.1.1.
5.3.3.1.6 G\ HEEE S N ETE R 5.5.1.1 FhER AR ) A3 E] .

5.3.3.2 Emergency Venting for Fire Exposure for Double-Wall Refrigerated Storage Tanks
5.3.3.2 XUEE VI e R 7E AR S A 5 S

The heat input from a &THORN;re initially causes the vapors in the space between the walls of a
double-wall refrigerated storage tank to expand, and the heat input also causes the vapors in the roof
space of a double-wall tank with suspended-deck insulation to expand; however, it may be several hours
before the increased heat input to the stored liquid causes a signi&THORN;-cantly increased
vaporization rate. The venting requirements for handling the increased vaporization may be small
compared to the requirements for handling the initial volumetric expansion of the vapors.

oK FAGE A AT 3 ESOBURE LY I b I 2 TR R 250U K, A B0 4 5 T i ) o R T ) J2 v
ZEVIZIG, AR, Jo D PR VR Jm ) A A T 3 e SN IR A TR 31— AN WY B 8 n ) 28 s A . A B
10 758 Rk e B PRI TBC R A T Ak B B ) 280 AR AR BRI I i 1 e >

Because emergency venting for a double-wall refrigerated storage tank is complex, no calculation
method is presented here. A thorough analysis of the &THORN;re relief for a double-wall refrigerated
storage tank, including a review of the structural integrity of unwetted portions of the outer wall, should
be conducted.

DR XU 1 0 D 1) 5 B A SR 2%, B B AT T B35 A OB Al v D 0 K B FOAVT I
B, ALFT T MBEF I3 ) ARG ) G R HEAR AL A, WY AT

5.4 MEANS OF VENTING
5.4 HERO Tk

5.4.1 Normal Venting
5.4.1 HHH

Normal venting shall be accomplished by a relief device (see API Standard 620).
HRHE N 2 EAE R ek e . (WL APL 5HE 620).

5.4.1.1 Any relief device shall be designed so that it will protect the tank in the event of failure of any
essential part.

5.4.1.1 (LA Rk v 8 W%t BB TH A AEATAT B A RN NS ORI

5.4.1.2 A tank that may be damaged by internal vacuum shall be provided with at least one vacuum relief
device set and sized to open at a vacuum that is suf& THORN;cient to protect the tank from damage.

5.4.1.2 WHERTRER FIK AN B E AN, FrANZ RO — B RS R e IF H N REEE 2 R

#5170, L8l
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FIIT LMETE I (DR I REAS 245 5

Table 5SA—Emergency Venting Required for Fire Exposure Versus Wetted Surface Area
2 BA-K IR s NI A T AR B SR ) R Ul

A. English units S| 47
Wetted Aread jiiffiif#i  Venting Requirement wetted Area@ jifit il Venting Requirement
(square feet)("F e Y) I ER(SCFH) (square feet)(P e Y) B ALER(SCFH)

20 21,100 350 288,000
30 31,600 400 312,000
40 42,100 500 354,000
50 52,700 600 392,000
60 63,200 700 428,000
70 73,700 800 462,000
80 84,200 900 493,000
90 94,800 1,000 524,000
100 105,000 1,200 557,000
120 126,000 1,400 587,000
140 147,000 1,600 614,000
160 168,000 1,800 639,000
180 190,000 2,000 662,000
200 211,000 2,400 704,000
250 239,000 2,800 742,000
300 265,000 >2,8000 —

Table 5B—Emergency Venting Required for Fire Exposure Versus Wetted Surface Area
% BB- K YR g I A AR 5 K ) B B0 e

B. Metric Units 23 il 5147
Wetted Area@ jjiiii i Venting Requirement  \wetted Area@ it i f Venting Requirement

(square meter)(CF k) ETEK(NmM3/h) (square meter)(°F- k) 1B TERK(Nm3/h)
2 608 35 8,086
3 913 40 8,721
4 1,217 45 9,322
5 1,521 50 9,895
6 1,825 60 10,971
7 2,130 70 11,971
8 2,434 80 12,911
] 2,738 90 13,801
11 3,347 110 15,461
13 3,955 130 15,751
15 4,563 150 16,532
17 5172 175 17,416
19 5,780 200 18,220
22 6,217 230 19,102
25 6,684 260 19,910
30 7,411 >260b —

aThe wetted area of a tank or storage vessel shall be calculated as follows:

B i e T it A 2 PR T AR N 2 o B

Sphere and Spheroids—The wetted area is equal to 55 percent of the total surface area or the surface
area to a height of 30 feet (9.14 meters) above grade, whichever is greater.

BREE 55 i BRI G- W T AR 5 T 0 S R T AR 5% s B 1 b1 800 30 96 )(9.14 K) I S 8 43 i il 2 Thi AR
QT E S ONGIDR
Horizontal Tanks—The wetted area is equal to 75 percent of the total surface area or the surface area to

52 71, L8l



AP1-2000 (HF3ChRD

a height of 30 feet (9.14 meters) above grade, whichever is greater.
Bl X i - VR A TR R 8 T S 3 TR 1) 75% BB b e B2 30 58 RU(9.14 SK) IR I 43 it S i AR CHLP
B P REBORD .

Vertical Tanks—The wetted area is equal to the total surface area of the vertical shell to a height of 30
feet (9.14 meters) above grade. For a vertical tank setting on the ground, the area of the ground plates is
not to be included as wetted area. For a vertical tank supported above grade, a portion of the area of the
bottom is to be included as additional wetted surface. The portion of the bottom area exposed to a fire
depends on the diameter and elevation of the tank above grade. Engineering judgment is to be used in
evaluating the portion of the area exposed to fire.

A7 A E- e AR A T 203 L B0 30 45 (9,14 SK) ISHR 73 S A SeAAR SR T AN o R T 22 2he A T )
SLAAEGRE, RN AR AR N s 0T SR, —FB 00 I IR UK VR S B n el i [ AR 0 455 71
P 2 T I IRIIRER 3 ek AR e T e AR R B i B o 7R VPAS 3R 8% T K R BT o0 S T RN, 2k
17 TR A

b For wetted surfaces larger than 2,800 square feet (260 square meters), see Section 5.3.3.1.3.
b 5+ K 2,800 7 (260 -5 k) (i K i, L 5.3.3.1.3 i,

Note: i ¥ :

Table 5 and the constants 1107 and 208.2 in Equations 6A and 6B respectively were derived from
Equation 5 and Figure B-1 by using the latent heat of vaporization (144 BTU per pound or 334900 J/kg)
at atmospheric pressure and the molecular weight of hexane (86.17) and assuming a vapor temperature
of 60°F (15.6°C). This method will provide results within an acceptable degree of accuracy for many
fluids having similar properties (see Appendix B).

%5 R4 6A 15 6B 134 1107 55 208.2 4314311 T /438 5 M B-1, Jri iR IR F et
WA 144 BTU/Ib(EX 334900J/kg). 73 1524 86.17, I HAR & H 28Il 60°F(15.6°C). *f T HA
WPEBTIVFZ A, BT A R 25 SRSl B2 AT L2 1) (S WIS B).

Table 6A—Environment Factors for Refrigerated Aboveground and Partially Belowground Tanks
K 6A —HNFRIREDN b R AT 53 BT b T IR I ) 5 e R R

A. English Units3 ifil] FAy
Insulation Conductance(BTU/hr

'gan_k Con _ 2 °F) !Phs_ullfttion i) E Factor

esign/Configuration N " 2. ickness(in .

A R A S EE (BTU/r ft? °F ) R FH

Bare metal tank

W ' 0 10

Insulated tank a b

A a 4 1 03
2.0 2 0.15°
1.0 4 0.075°
0.67 6 0.05°
0.5 8 0.0375°
0.4 10 0.03°
0.33 12 0.025°

Concrete tank or ( see note

fireproofing - - c)

T L I <K WyERC

Water-application

facilitiesd - - 1.0

MTIbk 15 it d

Depressuring and

emptying facilities® - - 1.0

I A3 5 P itie

Underground storage - - 0

#5371, L8l
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MR

Earth-covered storage

above grade - - 0.03
b2 T - s [

Impoundment away from

tank f - - 0.5
2 2 it PR A WO

Note: aThe insulation shall resist dislodgment by fire-fighting equipment, shall be noncombustible, and
shall not decompose at temperatures up to 1000°F (537.8°C). The user is responsible to determine if the
insulation will resist dislodgment by the available fire-fighting equipment. If the insulation does not meet
these criteria, no credit for insulation shall be taken. The conductance values are based on insulation
with a thermal conductivity of 4 BTU per hour per square foot per °F per inch of thickness (9 Watts per
square meter per °C per centimeter of thickness). The user is responsible for determining the actual
conductance value of the insulation used. The conservative value of 4 BTU per hour per square foot
per °F per inch of thickness (9 Watts per square meter per °C per centimeter of thickness) for the
thermal conductivity is used.

TR

a: DRV 2 N RE AR By B B, SO AR Y, I H VW AE1000°F(537.8°C) it A A A7l I 415t
T RV 2 2 A5 P LIR B D e, an SRRV Z AT S hsite, WA GG R RPN . W D2 IRV 2
BEANEE S BT OE R, BT R S IR IABTUNr- (BT oK R RRECKR R LA MR 2 I AL
ow/m2-C) KHEIE. P ot BT R ORV MRS Br S R BR300 8 F RV RDRL 3 IR B IR T 2 B
NI BT E R R R R IR BABTUNr fl2(RRF 5 oK BREE . B JEOK S B R VA MR 2 3 R 2
9w/m2-C)

bThese F factors are based on the thermal conductance values shown and a temperature differential of
1600°F (888.9°C) when using a heat input value of 21,000 BTU per hour per square foot (66,200 Watts
per square meter) in accordance with the conditions assumed in APl Recommended Practice 521.
When these conditions do not exist, engineering judgment should be used to select a different F factor or
to provide other means for protecting the tank from fire exposure.
b: IXLEFREIE T AEAPHER SLI521 Pl e, S92 A1 45 AHECE 4 1 A 21000BTU/hr-ft2(66,200W/m2) #4
i, UEA101600°F(888.9°C) 43 K AR KB . L bR4c it X AARTING,  HI R4 4 ik
B RE, sl SO I A Fe R ORI 2 8 A ] K

c: Use the F factor for an equivalent conductance value of insulation.

C:JH 5 R OR Ve T HA R B[] (¥ 0] N2 1R F 28 2

d:Under ideal conditions, water films covering the metal surfaces can absorb most incident radiation.
The reliability of water application depends on many factors. Freezing weather, high winds, clogged
systems, undependable water supply, and tank surface conditions can prevent uniform water coverage.
Because of these uncertainties, no reduction in environmental factors is recommended; however, as
stated previously, properly applied water can be very effective.

d: BEARSCAET, KRR o5 <m0 m] ARSCR B3 B T O A AR AR SR R o BTk Tt 1y Pl SE MR IR o TR
ZHER. K. KRKRA BEIRRSG . ATEERBEK RGO EER T 2 F B TR BOK RS o T IX LA
ENE, AERFRN A REG B, IEWRTTTIR, &N KRR A R .

eDepressuring devices may be used, but no credit shall be allowed in sizing the venting device for fire
exposure.

e: Al DU En ke B, (HUZ KOG U0 1 e 8 U RN SR VAN E 1 o

f:The following conditions must be met: A slope of not less than 1 percent away from the tank shall be
provided for at least 50 feet (15 meters)toward the impounding area; the impounding area shall have a
capacity that is not less than the capacity of the largest tank that can drain into it; the drainage system
routes from other tanks to their impounding areas shall not seriously expose the tank; and the
impounding area for the tank as well as the impounding areas for the other tanks (whether remote or with
dikes around the other tanks) shall be located so that when the area is filled to capacity, its liquid level is
no closer than 50 feet (15 meters) to the tank.

%54 71, L8171
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fLU R &AE IS &: IWER St 2 /05095 ] (152K) MRk, JF BRI BE A/ N TF1%;
WA RN AN N T B K T HE S G R s ML Ath B 1) < WAy 1 A T AN N A P i ke i JF HL
[ BN SL e RE W B A G B BOAR S LARE X (B, BT LA A 7S i R I, 9080 T 2 e e
NS TH5090 1 (152K) &

Table 6B—Environment Factors for Refrigerated Aboveground and Partially Belowground Tanks

R 6B AP b A A R TR (R R RE (1 R R AR

B. Metric Units /A | 547
Insulation Insulation

Conductance(Watts/m? °K)  Thickness(cm) F Factor

Tank design/Configuration

T AN Iy
Ll (s SHEM (Wattsim? K> RISEISE (k) T A
Bare metal tank 0 10
R4 ) '
Insulated tank a b
A EE a 22.7 2.5 0.3
11.4 5 0.15°
5.7 10 0.075°
3.8 15 0.05°
2.8 20 0.0375°
2.3 25 0.03°
1.9 30 0.025°

Concrete tank or ( see note

fireproofing - - c)

TR Pk 1 IR R

Water-application

facilitiesd - - 1.0

IR 1 it
Depressuring and
emptying facilitiese - - 1.0
DR AR v e
Underground storage 0
)

Earth-covered storage
above grade - - 0.03
b B )

Impoundment away from
tank f - - 0.5

32 S i S A

Note: aThe insulation shall resist dislodgment by fire-fighting equipment, shall be noncombustible, and
shall not decompose at temperatures up to1000°F (537.8°C). The user is responsible to determine if the
insulation will resist dislodgment by the available fire-fighting equipment. If the insulation does not meet
these criteria, no credit for insulation shall be taken. The conductance values are based on insulation
with a thermal conductivity of 4 BTU per hour per square foot per °F per inch of thickness (9 Watts per
square meter per °C per centimeter of thickness). The user is responsible for determining the actual
conductance value of the insulation used. The conservative value of 4 BTU per hour per square foot
per °F per inch of thickness (9 Watts per square meter per °C per centimeter of thickness) for the
thermal conductivity is used.

TERE:

a: TRV 2N REAR BB WOt F A, NIRRT, JF HNAE1000°F(537.8°C) sl AN A B0 il o T 4ot
T R V2 JE S A5 P LR B B et an SRRV ZANTT S hrite, WA IR IR BRI . T2 IR 2
RE/INRE RPN AR L SR BABTUr (I 7K REFE . 45K 5 (A b A 2R
ow/m2-C) KFEIE. I/ ST Fr IRV M RLSZ bR SR BUE . 3035 08 P RV AR S R B IR T (2
NI BT OE R AT R B IR BABTUN (B I oK . BEE . B K R B VA M RS R 5L
9w/m2-C)

%555 51, FL81 1t
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bThese F factors are based on the thermal conductance values shown and a temperature differential of
1600°F (888.9°C) when using a heat input value of 21,000 BTU per hour per square foot (66,200 Watts
per square meter) in accordance with the conditions assumed in APl Recommended Practice 521.
When these conditions do not exist, engineering judgment should be used to select a different F factor or
to provide other means for protecting the tank from fire exposure.

b: XEF R HIE TAEAP RSS20l Y, SR AE 2 B e o 1 A 21000BTU/hr £t2(66,200W/m2) #t
i, i JEAr1k1600°F(888.9°C) MG H A P AKUE . H5LPr 4 S5IX B AEARTTI,  F L RRLR L0 ] Wik
PRI RS, B P Ah s il sk R 4 6 T B 5 A ] ko

c:Use the F factor for an equivalent conductance value of insulation.

5 R P R B HGR BT RIS B 1 F AR Bl

d:Under ideal conditions, water films covering the metal surfaces can absorb most incident radiation.
The reliability of water application depends on many factors. Freezing weather, high winds, clogged
systems, undependable water supply, and tank surface conditions can prevent uniform water coverage.
Because of these uncertainties, no reduction in environmental factors is recommended; however, as
stated previously, properly applied water can be very effective.

d: BUARGEAE T, ZKOBERE o b A 0 n] DAMSOSCOR B 20 B 1 5 A (K0 A e Mo it (1 ml S PR g AR 22 A
o Gk KRR FbGR G AT EERI K R G il RER T 25 AT R ETE OK IR AE . T IX S8 AR 2 L
AHELF RN R HG H, IR, & N AR AR AR .

e: Depressuring devices may be used, but no credit shall be allowed in sizing the venting device for fire
exposure.
e: AJLMEFHEIREE, (HJE KRGO T & ke BRI RVEAIE I o

f: The following conditions must be met: A slope of not less than 1 percent away from the tank shall be
provided for at least 50 feet (15 meters) toward the impounding area; the impounding area shall have a
capacity that is not less than the capacity of the largest tank that can drain into it; the drainage system
routes from other tanks to their impounding areas shall not seriously expose the tank; and the
impounding area for the tank as well as the impounding areas for the other tanks (whether remote or
with dikes around the other tanks) shall be located so that when the area is filled to capacity, its liquid
level is no closer than 50 feet (15 meters) to the tank.

f: DU &M A: IEER FHA et £ /0509 R (15K) iR, FF B 3 AN T1%; ik
AFHB AR AN T I R ] HE H T 25 LA RE 280 S 0 7t R H T 0 A N A ™ T Bk 5% s FLIA)
FEEE g Hoe B O B SR . G R B s S HABE X B3, BT LA FE I v AR, T 25 BE P B B AN
SHEALTE09 ] (152K) &

5.4.1.3 A discussion of the types and operating characteristics of venting devices can be found in
Appendix C.

5.4.1.3 ffar C i 118 CRE B AR AR AR

5.4.2 Emergency Venting
542 BRES

Emergency venting may be accomplished by the use of the following:
BRum A AT L AR 7 U E

a. Larger or additional relief devices.

a. SRR s B PR e

b. A gauge hatch that permits the cover to lift under abnormal internal pressure.

b. AL RIS T 5 B DL SR VT s il

c. A manhole cover that lifts when exposed to abnormal internal pressure.

c. fEFHAEAHR 5 (s oL Rl LAFT T A fL 3G
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5.5 SELECTION, INSTALLATION, AND MAINTENANCE OF VENTING DEVICES
5.5 HARILBERERE. Iy

5.5.1 Total Venting Requirements
55.1 EHESER

5.5.1.1 Pressure
55.1.1 Eh

5.5.1.1.1 The pressure relief device or emergency venting device shall be suitable to relieve the flow
capacity determined for but not limited by the largest single contingency or any reasonable and probable
combination of contingencies.

5.5.1.1.1 M [ 2he T mlg B S i AUhe TN 2 I AL L EANBR T e K B R A gl 22 R b O A AT g
f0E BRZH 5 BT 5 B ML TR B 5K

5.5.1.1.2 Consultation between the tank designer, the person specifying the venting devices, and the
venting device manufacturer is strongly recommended to ensure that the venting devices are compatible
with the tank design. The set or start-to-open pressure often must be lower than the design pressure of a
tank to allow for adequate flow capacity of the devices. The operating pressure should be lower than the
set pressure to allow for normal variations in pressure caused by changes in temperature and by other
factors that affect pressure in the tank vapor space. The set pressure and relieving pressure must be
consistent with the requirements of the standard according to which the tank was designed and
fabricated. Some standards present specific requirements, but others may not.

5.5.1.1.2 SRAVAAATEVI T L F5 € T8 R N DRI B B v AT s, DA AR AR S
i HE BT AR AT o 38R B I BOE Fs ) RT3 R 0 25 N/ T e FR) e vt Hs 7 DAORIE e B A7 S 405 11 7R e
JJ e A I ) NAR B85 s 7 EA SRV bt 23 e m Al 5 ey O = ) Hs 1 1R R 3R S50 I s ) e s A
Moo BE s g FHME TS g 00 200 A RS TR 3 BT R AR B SESRAH — 20 A 2ebruEd il 1 BRI 2K,
AT LEbRAE AT HEBCAT -

5.5.1.1.3 Requirements for pressure-relieving devices for tanks that are designed and fabricated in
accordance with APl Standard 620 are given in APl Standard 620. The pressure setting of a
pressure-relieving device shall not exceed the maximum pressure that can exist at the level where the
device is located when the pressure at the top of the tank equals the nominal pressure rating for the tank
and the liquid contained in the tank is at the maximum design level.

5.5.1.1.3 & APl bxifE 620 it AIHI ffdiiE, FOl R B 2R Z M API At 620, il T s )
ST TR 23 B s g LA A VRO 32 31 s v VO I, M P 2 B 1K) s ) s ABLAN I e o 25 5 A A 8 1)
S INIWIP

Under normal conditions, pressure-relieving devices must have sufficient flow capacity to prevent
the pressure from rising more than 10 percent above the maximum allowable working pressure. Under
Fire emergency conditions, the devices shall be capable of preventing the pressure from rising more
than 20 percent above the maximum allowable working pressure.

TEIEFSATT, W E 20 MR BE g, LT 1A s 8 s K SSVF TAR S U 1910% . 7E
RAZKRK VBB, W H 8 N AT BE ) Bl7 1Ak E Hs Bt de K e VF AR s 1 1920%

5.5.1.2 Vacuum
55.1.1 BEx

A vacuum relief device shall be installed to permit the entry of air, or another gas or vapor, to avoid
excessive vacuum that may result. The vacuum relief device shall be suitable to relieve the flow capacity
required for the largest single contingency or any reasonable and probable combination of contingencies.
A gas-repressuring line with a suitable control and source of gas may be provided to avoid drawing air
into the tank. The design of a gas-repressuring system to eliminate the requirement for vacuum relief
valves is beyond the scope of this standard and should be considered only when the induction of air
represents a hazard equal to or greater than failure of the tank.

32 2 LA M TRk B AET L2 i ) — U e A, AT S v] e AR B B
T TSR Y E I IV AL EHAEAN PR T Fhy i K B KGR A b S i B 2 YR A S T A RT e F) 5 B P o it
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JRCU R SR o TRCAT 3 T A2 2 TR R R UM N s 38 e mT DL DA A 40 7 SN A e o 3P AU 7 it
Fs e H BRI IS R GRS RE E T AR AERT IRV, JF H U IR A R BRI sidsE T
i et i 3 N A5 RE A

In general, the set and relieving pressures for vacuum relief are established to prevent damage to a
tank and must limit vacuum to a level no greater than that for which a tank has been designed. The
vacuume-relieving devices of a tank shall be set to open at a pressure or vacuum that will ensure that the
vacuum in the tank will not exceed the vacuum for which the tank has been designed when the inflow of
air through the devices is at its maximum specified rate.

SRR, oM (1 5 s RSO 5 (il 2 1 Bk A i plean 3, O HLZB R A R0 A3
AT A BERI BT Ko A2 A DL R I M 2 P 0 AN, i R s T T T sy B
JEE PR 5 I B R il 2 R AN FEBE P HE AR

5.5.2 Installation of Pressure and Vacuum Relief Devices

5.5.2 F SR AR B ) 2

Pressure and vacuum relief devices shall be installed to:
T 7R L 23 TR I 2

a. Provide direct communication with the vapor space and not be sealed off by the liquid contents of the
tank.

a. AR ARG, JF FASRE A E P9 A o

b. Prevent plugging of the inlet by insulation during relieving conditions.

b. BIEAEHBCIRDL T, AN ORI R JE

c. Protect the tank from the closure of a block valve or valves installed between the tank and the
pressure or vacuum relief device or between the pressure or vacuum relief device and the discharge
outlet. This may be done by locking or sealing the block valves open without installing excess relief
capacity or by providing excess pressure or vacuum relief capacity with multiple-way valves, interlocked
valves, or sealed block valves arranged so that isolating one pressure or vacuum relief device will not
reduce the remaining relief capacity below the required relief capacity.

C. TEVIWTIR. 2B i iR s ) B g Ik B TA) (R IR T T s g e ot it 32 R R 1 2 TR PR 1R )
KM, RERS IR i X L]k DUF IV il:  AEAN 2o B ie o G 00T, FE ) W7 I B e i
VALEFT AL, sl 20 6 1 L IDCEE 1 s - 07) i i $2 LA A M P s ) BRI IR e g, SRR DI — AN R )
BRIk B S AN e AT AR IR e 7 B 2 R M SR 2 R .

d. Ensure that the inlet and outlet assemblies, including any block valves, will permit the relief device to
provide the required flow capacity.

AW OR A VRS VLA, RAERTA DI, A VRSO B RS (T 2R i i

e. Keep cold vapor from producing a thermal gradient in the roof of the tank or reducing the temperature
in the roof of the tank. For a tank with the suspended-deck-type roof insulation system, the inlet piping to
the relief valve must penetrate the suspended deck to prevent cold vapor from entering the warm space
between the outer roof and the suspended deck. The influence of this piping must be considered in the
relief valve capacity calculations. Relief valves should be sized for the pressure available across the
valve. Consideration should be given to the inlet pressure losses and the back pressure developed on
the outlet flange.

e. T VA 28U Ak WE TOUF0 7 A it S Ao P e PERAIC A E OB (U B o X Tt A VR TR AR G Vi e, Tt s Rl )
N EVE BB 5T 5 07 4ii AT 1 E 78 2880t N A THUMITE- 258 1) PO D 2 1) o 771 M 1R 7 v B oy B 2 R I —
BRSO o b s ) AR A AT A AE B s 8 RO N5 BRI s g 453 R M HY 2 22 AL T G 5 s o

5.5.3 Discharge Piping
5.5.3 HHEL

5.5.3.1 Discharge piping from the relief devices or common discharge headers shall be installed to:
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5.5.3.1 MO E AR £ O P HRTBOI A (1 2 v -

a. Lead to a safe location.

a. G ANEEAE,

b. Be protected against mechanical damage.

b. R AN o

c. Exclude or remove atmospheric moisture and condensate from the relief devices and associated
piping. This may be done by the use of loose-fitting rain caps or drains, but an accounting must be made
of the pressure loss effects of these items. Drains, if provided, shall be installed to prevent possible
flame impingement on the tanks, piping, equipment, and structures.

C. MRy 2z M FSCRE BRI DG G R (RIS B o 3 AT LATE I A5 FH 5 KA 45385 PR 917 T i 9 7k
BNIX R, AR AR SIX LA e DI KT R o T A R HE VB 22 2h€ ) N BT 1 ] e ™ A2 1) KA
HIIR A B2, W FISIY) .

d. Discharge in areas that (1) will prevent flame impingement on personnel, tanks, piping, equipment,
and structures, and (2) will prevent vapor entry into enclosed spaces.

d.FHBIX SR 1) BeBib K IEs N, il L. WA gl et i s 2) Reli b 28R NE A
I‘HTO

e. Prevent air from recirculating into the valve body during relief conditions to prevent ice from forming
when the relief temperature is below 32 F (0 C).

e. B AR MR A AP N A, LS AE MG 2R T-0°C (32°F ) I 45K

f. Prevent vapor from the tank from freezing.
f.I905 1E2k [T 1) 28 VR 4G

5.5.3.2 When a tank is located inside a building, the tank venting devices shall discharge to the outside
of the building.

5.5.3.2 {EAHHEL, TR I, Aift i P08 b B N HE I B R SR b o

5.5.3.3 Relief device discharge lines from one or more tanks may be connected to a common discharge
header, provided the header complies with the other provisions of this paragraph. Liquid traps that can
introduce sufficient back pressure to prevent relief devices from functioning properly shall be avoided.
Other vents, drains, bleeders, and relief devices shall not be tied into the common discharge header if
back pressures can be developed that prevent the relief devices on the tank from functioning properly.
Back pressures developed during relief conditions must be taken into account when sizing the discharge
header, sizing the relief devices, and compensating the set pressure of unbalanced relief devices (see
APl Recommended Practices 520 and 521).

5.5.3.3 WA HRBOL A AT AT B AN E , A E 2 A I TR B IO e mT LA e 31— HET
T Lo N A 2 AR i 1S 3 BOI G B AN BE R AR E I SRR o U SR AT BE 23 TE Ly i e
M B A EFAE TS e, Al HERAE . 20U MRk EANN NI . e HRB0
JSF B0k B RS] DA R A A 1 1l M T B v T g I, 2% R i SO ) B AR B s (L AP
Recommended Practices 520 Al 521 1),

5.5.3.4 Relief valves shall be arranged to discharge to open air unobstructed so that any impingement of
escaping cold gas upon the container and any roof mounted items is prevented.

5.5.3.4 JHET Il ) 22 N BE DRAE TG RELAS (4 1) K CHETE - AR b3 H R 74 Ao 2 s ANE T 2 e A AR A b oo

5.5.3.5 A venting device discharge stack or vent shall be designed and installed to prevent water, ice,
snow, or other foreign matter from accumulating and obstructing the flow. The discharge shall be
directed upwards when relieving to the atmosphere. Independent support of the vertical stack should be
considered. Provisions shall be made to reduce the thermal effects on the container and any roof
mounted items caused by the ignition of vapor from the relief valve discharge stack..

5.5.3.5 AU AU IE BB U BT A 2R N RER 1R RK L UK. B A AN B R T LA
BB o ) K CHEBON HE S N B R b N R T U R ML S . NREARISE , BAY
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/b R T2 A R HE U 2R TR TR X 5 8 TR T 22 2B P32 F KT #4052

5.5.4 Set Pressure Verification

5.5.4 BEEEIKREK

The set pressure of all pressure and vacuum relief devices should be verified by testing before the
devices are placed in operation.

FITAT s 3 REL A3 MG EAE BN IS A TR, WA IX B B 1) 8 T Ty AT A

5.5.5 Materials of Construction

5.5.5 #iliEkrkt

Materials for a relief device and its associated discharge piping shall be selected for the
stored-product service temperature and pressure at which the device and its piping are intended to
operate. Also, the materials should be compatible with the product stored in the tank and with any
products formed in the vicinity of the relief device (in case there is a discharge).

TSR N AR S HE U e A AR I EATTISAT IR A A7 it ) AR A s ) AT R 6 o IXAEH i
1 5 i At 7 P 7 i SO B B 30 2 BRI ART 7 A A D TS (A I AT FIE IR A RIS L) o

5.5.6 Maintenance

5.5.6 4P

For recommended maintenance and inspection procedures, see API Bulletin 2521 and API
A48 T B 4E 3 S 75 7252 ULAPI Bulletin 2521 F1AP1 Recommended Practice 576.

5.6 TESTING AND MARKING OF VENTING DEVICES
5.6 ERENNRSirC

The procedures for the testing and marking of venting devices for refrigerated aboveground and
belowground tanks are the same as the procedures for nonrefrigerated aboveground tanks (see Section
4.6).

T bt R i AT ke B AR MG R P 5 AR A A RER R P AR (469853 -
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APPENDIX A—BASIS OF THE NORMAL VENTING FOR TABLES 1 AND 2
s A IE AR 1R 2 AR

For liquids with a flash point below 100°F (37.8°C), this standard recommends a venting capacity of
12 SCFH of air for each barrel (2.02 Nm3/h per cubic meter) per hour of fill- ing rate. Of this quantity, one
half, or 6 SCFH (1.01 Nm3/h per cubic meter) of air, represents the vapor displacement caused by liquid
movement. The additional 6 SCFH (1.01 Nm3/h per cubic meter) of air was established on the basis of
an evaporation rate of approximately 0.5 percent and to account for the conversion of dense vapors
being vented to an air equivalent.

XTI RART 100 °f  37.8°C ) A , X—ArdERE BRI RE 4L BB D IR 1 ARV
AR 12 bHELTT 9E RN C SR TR IR AR 2.02 BT /N o IXAME, b, B 6 brifiar
i RN CRESZ T ARGARHRR 1.01 A5 77 /N IHES, 2 i AR i i) 22 . 7E 554k 6 b5
RENE 798 RUZIN IS CRENE KRR 1.01 K577 /NS (HE R J e — AN IR R R G H 4y
RIS SO 4 h 2 B s SR R R L)

The evaporation rate of approximately 0.5 percent was selected on the basis of gasoline being
pumped into an essentially empty tank. During this period, heat pickup is the greatest. Also, any vapor
flashing as a result of hot line products (for example, the pipeline being exposed to the sun) is the most
critical at this time, since there is no large heat sink such as exists in a full tank. In addition, vaporization
is increased since there is essentially no tank pressure to suppress vaporization. For conversion of
hydrocarbon vapor to air, a specific gravity of 1.5, compared with 1 for air, was arbitrarily selected.

FRFLIN T 03 22 5 TR B TV O I 2] — N JgUA e A O ER b o ZEBCIDIE], S
AT LI, sh, XA b TAEMTRAER (Bln, A TER R ER ARG MR BU U R B 45
SIS, PR 7 T N AT AT A BB A7 A . BAh, 2R HOBG e T2 i N B AS AT s
A . FEM A B, AR B L e DA 1.5 IR EL, BRI FEM

In addition to the venting capacity for product movement indicated above, a thermal evaporation
rate based on tank size (see Table 2) was established. This is additive to the venting for liquid
movement.

bR T IR AR A B TR e, B T RER RN IR R R E gt (WK 2 ), XA
Syl NESIIE MR el Fgle U Ei0) i Gt il o

It was established that in the southwestern United States, tanks could be cooled rapidly, as happens
when a sudden rainstorm occurs on a hot, sunny day. For vacuum conditions,it was found that roof
plates could be cooled as much as 60°F(33°C) and that shell plates could be cooled about 30°F(17°C).
This can be converted to a heat loss from the tank vapor space of about 20 BTU per hour per square foot
(63 Watts per square meter) of shell and roof surface. From this, vacuum (inbreathing) requirements
were set. Since records

EE LA E P RS, AR HE AT DU R A B0, FEUE R R AT e SRR B R L. X
A REAE I THURR AT v A ik 60 °f - ( 33 ° C ) FIZEE S IRl M2y 30 °f (17 °C ), fEMIHOL M2
LA DL XA AT BUEAL Ay il O P 20BN R 96 R 20 BTU € 63 BLBE-J7K) FE JA A
TR . WX — R, FL%8 (IR ZERBEE . T 20T DU RE ) A S AR R MO
FIACSRANTE,  FRATTHI D i 1 A PR 5 SRR B9 71 0 22 S AR U At

were not available on how fast tank vapor spaces can be heated (outbreathing), a figure of 60
percent of the inbreathing requirements was arbitrarily selected as the basis for thermal outbreathing.

T BTU Dy R FARE A7 A8 SE BRI INE [ 4 T A — P e e B PP o " RS AE MR K IR 2 B
KIS, R AR A /K AR 1 4 IR i o 2 R A RE

In establishing the basis above, it was recognized that the requirements for outbreathing are some
what conservative; however, some conservatism was believed to be desirable to take into account both
unusual climatic conditions and products that might generate more vapor than gasoline generates. Also,
the cost involved for a larger venting device is very small, considering the overall cost of a tank. This
conservatism also provides some margin of safety should pumping rates be increased slightly above
design rates.

SN I SEAL L, AATAIRE], XHERZRATER S . AL, IXERR ST N rT U, B RES S
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APPENDIX B—BASIS OF EMERGENCY VENTING FOR TABLES 3 AND 5
3% B—33R 3 Al 5 i) 58 S0 XS U

The emergency venting requirements contained in the first edition of API Recommended Practice
2000, Guide for Venting Atmospheric and Low-Pressure Storage Tanks were based on the assumption
that a tank subjected to fire exposure will absorb heat at an average rate of 6000 BTU per hour per
square foot (18,900 Watts per square meter) of wetted surface. The minimum emergency relief capacity,
given in approximate diameter of a free circular opening, was computed from the results of a detailed
analysis of the distillation characteristics of a typical straight-run gasoline from Mid-continent crude oil,
using a conventional orifice formula, an orifice coefficient of 0.7, and a vapor specific gravity of 2.5. An
emergency venting capacity of 648,000 cubic feet (17,400 cubic meters) per hour was the maximum
required for any tank, regardless of size. This maximum emergency venting capacity was based on the
following: tanks with a capacity of more than 17,500 barrels (2,780 cubic meters), when heated, require
such a long period of time to elapse before their contents reach a temperature at which rapid boiling
starts that it is extremely unlikely that this point would ever be reached, and even if it should be, there
would be ample time to take the necessary precautions to safeguard life and property.

APl RP2000 (i s MG I it AT R D o B B Tl K, BT AE R I B AR S KK
fiti HEKs P34 SCHA 6000 BTU/N/ft {3 A (18900W/m2) (3 hit 1. fie/N S 2uttsthe 11, BT )
IEREARER, EHE AR AR FURREIN0.7. 28 LEIN2.5) , Jlik st 78 7= [ oK J5h
1) E AR PR 2R PR R TP 23 B 25 SR A R . TEie 2 K], 648,000 ft3/h (17,400m3/h) [ &
A RCEE ) S AT A ) i R K o i KT XU RE S S AE LU 45 ABUKT-17,5004(2,780m3)
FORBEE, nrt, JLYpRRE SEEE IS HE AR G EEMAN TR 2D 2 F s SR H], XA
S T AL 8 SR H 22 PO i It (R 7 2 i A 7

This basis for emergency venting was adopted by the National Fire Protection Association (NFPA)2
and was successfully used for many years. As far as can be determined, except for some containers of
unusually small capacities, no case has been recorded in which a tank failed from overpressure because
of insufficient emergency venting capacity when vented in accordance with this basis.

2 5 S XU ) 2 2 5 [ L 20 B B e (NFPAYE22R A, RISt 7 24 . B T/ ECEEA /N
FARESL, TERAETT, WTCARAT— & 42 A J DUJ T X PR e 0 R] 5 3l U RE ) AN A2 T3 08 e R A i 5%

A few catastrophic tank ruptures did, however, occur in cases in which the emergency venting was
not in accordance with this basis. These tank ruptures focused attention on emergency venting
requirements. Many small-scale fire tests demonstrated that heat inputs of more than 6,000 BTU per
hour per square foot (18,900 Watts per square meter) of surface could be obtained under ideal
conditions; however, large-scale test data were lacking. In June 1961, during fire demonstrations in
Tulsa, Oklahoma, a horizontal tank measuring 8 feet x 26 feet 10 inches (2.44 meters x 8.18 meters)
was equipped with an emergency venting device sized to limit the internal pressure of the tank to
approximately 3 inches of water column (7.5 mbarg). Measurements indicated that under exposure to
fire, the pressure rose to approximately 1.6 pounds per square inch gauge (110 mbarg). Based on these
tests, it was agreed that emergency venting requirements should be reexamined. As a result of this
study, the current basis for heat input under exposure to fire was developed.2

BT HEPE R PRI T XA 2 SO i RER LB S R AR T, SR, IR B S 45 1) B8 Gl K AR A i DU £
BEfll b o IR UL RERR S R AR h A S Sl ESK B AR Z /NG T PR EIE ], ZEBEARRAS T AT PSR
106,000 BTU/N/ft2 (18,900W/m2)I¥ sfy AN SR, S= KJGH ik ge fidl . 1961455,
sehrfif M (Oklahoma) H5/KE# T (Tulsa) KB =TEH, —H8 X26'10” (2.44 m X 8.18m) ) ki, %¢
e T RN IS ) BRAIZES”ZK AT (7.5mbar) i) 5 SOl X & o & BoR B g 5K, B )T T4
1.6 Ibf/in24 (110 mbarg). & TaX R, KK —B0A A WY B A 5 S0l KB K . A IX IR AT 25
W, WEFTH T H AT KR O B IR R A 2.

/72 : National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, Massachusetts
02269-9101.
S FE SR 2, 1 Batterymarch Park, P.O. Box 9101, Quincy, Massachusetts 02269-9101.

Tables 3 and 5 are based on a composite curve that is composed of three straight lines when
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plotted on log graph paper. The curve may be depended in the following manner: The first straight line is
drawn between 400,000 BTU per hour (117,240 Watts) at 20 square feet (1.86 square meters) of wetted
surface area and 4,000,000 BTU per hour (1,172,400 Watts) at 200 square feet (18.6 square meters) of
wetted surface area. The equation for this portion of the curve is:

ISR T LA B AR E 34 B A B & th 26 izt de T LA R Rl 38 —4H
£k 1% 400,000 BTU/h (117,240 W) X WiEE A 20 ft2 (1.86m2)F14,000,000 BTU/h (1,172,400 W)
X I TRIAR 200 ft2 (18.6m2). 1%L HhZ i Xk
Q = 20,000A (English Units  #ifi| fi7) (B-1)
Q =63,150A (Metric Units 2\ 2A47)

The second straight line is drawn between 4,000,000 BTU per hour (1,172,400 Watts) at 200 square
feet (18.6 square meters) of wetted surface area and 9,950,000 BTU per hour (2,916,000 Watts) at
1,000 square feet (93 square meters) of wetted surface area. The equation used for this portion of the
curve is:

o T4k H14k3%424,000,000 BTU/N (1,172,400 W) X AV E % (I F4200 ft2 (18.6m2)#19,950,000 BTU/h
(2,916,000 W)X} i & [ £41000 ft2 (93m2). iZBHhZk Ak

Q = 199,300A0.566  (English Units il HLAr) (B-2)
Q = 224,200A0.566  (Metric Units 2\ il A7)

The third straight line is drawn between 9,950,000 BTU per hour (2,916,000 Watts) at 1,000 square
feet (93 square meters) of wetted surface area and 14,090,000 BTU per hour (4,129,700 Watts) at 2,800
square feet (260 square meters) of wetted surface area. The equation used for this portion of the curve
is:

5 4 H£81%$29,950,000 BTU/h (2,916,000 W) My [ £ 1,000 ft2 (93m2)#i114,090,000 BTU/h
(4,129,700 W) X Wi i F1200 ft2 (18.6m2). iZB & A A

Q = 963,400A0.338 (English Units 5| 5LAT) (B-3)
Q = 630,400A0.338  (Metric Units 2l EA.A7)

Figure B-1 shows the composite curve for English Units.

R B-1 0 S A ) £ B 2k

For nonrefrigerated tanks designed for pressures of 1 pound per square inch gauge (69 mbarg) and
below, with wetted surfaces larger than 2,800 square feet (260 square meters), it has been concluded
that complete fire involvement is unlikely and loss of metal strength from overheating will cause failure in
the vapor space before development of the maximum possible rate of vapor evolution. Therefore,
additional venting capacity beyond the vapor equivalent of 14,090,000 BTU per hour (4,129,700 Watts)
will not be effective.

XFevt Hs 71 Ibfin23 H(69mbarg) A& LA, JEE AR K T-2,800 ft2 (260m2) (1 AEA i iE, 4510 %
ANRERTE AR JGEARTTRER),  HId g R4 @ o B A, 7280 AR I AR 1k B e K ] BRI 21T,
Ok SR MIEEAR R Kk, HiH14,090,000 BTU/h (4,129,700 W) 2428 28 (R4 A1 8 XUGE
RRAE

For all refrigerated tanks, regardless of design pressure, and for all nonrefrigerated tanks and
storage vessels designed for pressures over 1 pound per square inch gauge (69 mbarg), additional
venting for exposed surfaces larger than 2,800 square feet (260 square meters) is believed to be
desirable because, under these storage conditions, liquids often are stored at temperatures close to their
boiling points. Therefore, the time required to bring these liquids to the boiling point may not be
significant. For these situations, a heat input value should be determined on the basis of:

XA e, oIt s )20, RO AT vevt B 3 KT 1 Ibffin2 36 . (69mbarg) R = E v ek e A g A7
A, MK IEFR TR T2,800 ft2 (260m2) i, HAMENXGEEAN, Bk, XEffERAME T, Bt
i B 22 R TR IR o R AT e A ik 2 3 s s AR IS TR) ] BEARUE . WPIX LB/ L, AN RN TR
T E -

Q = 21,000A0.82 (English Units & ¥fr) (B-4)
Q = 43,200A0.82  (Metric Units A1)

The total emergency venting requirements, in SCFH of air, are based on the heat input values
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described in the preceding paragraphs. These heat input values, in BTU per hour (Watts), are converted
to SCFH (Nm3/h) of air on the assumption that the stored liquids will have the characteristics of hexane
and the venting will occur at 60°F (15.6°C), using the following formula:

BB XEK, BT A BRHESL T S R AR NN, SRR T IR BUE T TR BN . AR
PORLL RN CRURE) BRI N, (BB HOWUA S e P B ), Hal KUk ZEAE60°F (15.6°C),
PAN 2 B b N 7 9 RO UM (Nm3/h)

A. English Units il $f7 (B-5)
where
Horp

SCFH = venting requirement, in standard cubic feet of air per hour,
W EK,  BRAEST T 9 RO URE /N N

70.5 = factor for converting pounds of vapor to standard cubic feet of air,
AR 1, Sl 28 U AR UE L T e RS

Q = total heat input, in BTU per hour (determined from Figure B-1 using the calculated wetted
surface, A),

EEARGE, SR RN CRE AR AR T A, BEB-1)

L = latent heat of vaporization at relieving conditions, in BTU per pound,
BT N BV, DR BT

M = molecular weight of the vapor being relieved.
by G i) i 6

In the equation:
7E R 2

SCFH =1107A 0.82 (B-6)

the constant 1107 is derived from the previous equation, substituting 21,000 BTU per hour for Q, and the
latent heat of vaporization, L, and the molecular weight M, for hexane (144 BTU per pound and 86.17,
respectively).

WHA107 NSRRI AP HESAS L, Q4CLL21,000BTU/M, FALTEALMIEE R EEM, W Che ki (2 A
14453/ AT / 55 5186.17)

B. Metric Units
ISR Y

Where
Hor

Nm3 / h = venting requirement, in normal cubic meters of air per hour,
RGBSR, AR K N

14982 = conversion factor,

FeAL 1

Q =total heat input, in Watts (determined from Figure B-1 using the calculated wetted surface, A),

BRI, Uk ORYEFEARA TR KT SEA, &EB-1

L = latent heat of vaporization at relieving conditions, in J/kg,

MRS PRV, AR HAET

M = molecular weight of the vapor being relieved.
TGRS R R E
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In the equation:

R
Nm3 / h = 208.2A0.82 (B-7)

the constant 208.2 is derived from the previous equation, substituting 43,200 W for Q, and the latent
heat of vaporization, L, and the molecular weight M, for hexane (334,900 J/kg and 86.17, respectively).
W 82082 NG HT I A b HE S A3, QACLI43,200F0, VAL LAIEE R M, X Cbi KB (9 5 A
334,900k / T30 F186.17)

No consideration has been given to possible expansion from heating the vapor above the boiling
point of the liquid, the specific heat of the vapor, or the difference in density between the discharge
temperature and 60°F (15.6°C) because some of these changes are compensating.

AT R I VAR AU AT BB 2O AIZ I, 28V B, BEGH B 5 60°F (15.6°C) I B 22 5+
PRI A JErp i) — B8 AR JEAME B I

Because of some concerns expressed about the differences in various methods for determining fire
case venting requirements, and a desire to standardize on one method, the subcommittee surveyed
approximately 100 companies from 1993 to 1996. This survey indicated that there was no detectable
difference in the level of safety provided by using the fire sizing methods found in this document, APl RP
520, APIRP 521, NFPA documents, or other commonly used fire case venting calculation methods. The
subcommittee abandoned efforts to standardize the industry on one method for determining fire case
venting requirements in 1996.

PRI A 01 0 K I O 38 K IR o AN [ VA AR Ly, DLAITEE AR HEA ) — M OTiE, B ZR D1
M1993F19964F 1 & 1 #1001~ 7). I ERY], A/ API RP520. API RP521. NFPAXL}:
R K KPR TR BN T T KGO0 T BB XTS5, 24 A R URBCAT W i 2257 . 19964E i
JBZE RV TBGT TR K I AE DL T R R SRERHEA R —ANT7 1555 0 6
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Note: Above 2,800 square feet of wetted surface area, the total heat absorption is considered to
remain constant for nonrefrigerated tanks below 1 pound per square inch gauge. For nonrefrigerated
tanks above 1 pound per square inch gauge and for all refrigerated tanks, the total heat absorption
continues to increase with wetted surface area. This is the reason why the curve splits above 2,800
square feet.

e HH 2,800 V7S G AR, RS T 1 1of/ft2 2 5 1 A4 U EE S PR o R, KT 1 Ibfft2
S YV TRUE AT T A7 v ekt , e WA A R B T A P S b im 5. Xk Y 2,800 1y 4 U 2R Ak
) 5 AL

Figure B-1—Curve for Determining Requirements for Emergency Venting During Fire
Exposure

B-1 — KA DL N 15 SO BCESR 26
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APPENDIX C—TYPES AND OPERATING CHARACTERISTICS OF
VENTING DEVICES

Bt 5 c-al U E A SR BN AE 7 AT

C.1 Introduction

C.1 f&jfr

Two basic types of pressure or vacuum vents, direct-acting vent valves and pilot-operated vent
valves, are available to provide overpressure or vacuum protection for low-pressure storage tanks.
Direct-acting vent valves may be weight loaded or spring loaded. Springs are generally used for set
pressures above 1 pound per square inch gauge (69 mbarg) or vacuum below -1 pound per square inch
gauge (-69 mbarg). These venting devices not only provide overpressure protection but also conserve
product. Direct-acting vent valves are sometimes referred to as conservation vents.

X I i AT P o S A T S s 0y S el SO - P I e s R g, BRIV BB A o = i A

oS U B o AR Gl U T DA ) s e s BN TR I T 1 Ry o)

(69 mbarg) B EL A T-1 i AT 7 95~) (-69 mbarg) B 7)o Ik L6l /< 2% B AR AT R AR 3,
AT DUHRARAE ™ o FLAAT Y G I I AR A 2 40 o

Another type of venting device, an open vent, is available to provide overpressure or vacuum
protection for storage tanks designed to operate at atmospheric pressure. An open vent is always open.
It allows a tank designed to operate at atmospheric pressure to inbreathe and outbreathe at any
pressure differential. An open vent is usually provided with some type of weather hood or shape that
prevents rain or snow from entering the tank (see Figure C-1).

X WHE N s T RAERIEEE, WRHA] 53 b —Flal U BT D8 Ve R i i = /. TR
UV IRESRATITIN . B SRVFBCUHAE T s 3R AR REAE AT T [ 22 R AT NI o JE 3, T HE U
HRCAT S AR B HAT R AR, AR T REAGEA (L C-1),

A summary of operating characteristics is provided in Table C-1.
HAERF UL WK C-1.

C.2 Direct-Acting Vent Valves
C.2 HE/EARXESHR

C.2.1 DESCRIPTION
C.2.1 #iBH

Direct-acting vent valves are available to provide pressure relief, vacuum relief, or a combination of
pressure and vacuum relief. Combination vent valves may be of a side-by-side configuration (see Figure
C-2). Side-by-side vent valves or pressure relief vent valves are available with flanged outlets for
pressure discharge when pressure relief vapors must be piped away.

FLAAE I AGE R ] T3 M, Bl BRIy R s g i 4 & . 45 s U T LU R
JFR ISR ILE C-2) o 2RIl 2 g 5 1 A I, I 00 s s 8 = i e A7 vk
SEIER BT R
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Tank connecton

Figure C-1—Open Vent

Larger direct-acting vent valves are available to provide emergency relief and can provide access to
a tank’s interior for inspection or maintenance. They are typically available in sizes from 16 inches (400
mm) to 24 inches (600 mm) (see Figure C-3). Figure C-4 shows other types and configurations of
direct-acting vent valves.

KAL) A P A ] T SR SO, IR REAE R a4 i i JLE NREN o SR RSSO A 16 9
b (400 mm) ] 24 gi~F (600 mm) (WK C-3). Kl C-4 fE/R T HEAE AW L e BRI 454

C.2.2 PRINCIPLE OF OPERATION
C.2.2 fEHR#

The principle of operation of a direct-acting vent valve is based on the weight of the pallet or the
spring force acting on the pallet to keep the device closed. When tank pressure or vacuum acting on the
seat sealing area equals the opposing force acting on the pallet, the venting device is on the threshold of
opening. Any further increase in pressure or vacuum causes the pallet to begin to lift off the seat.

AR 238 R P P Dt S AR i 1 B et B B T A B L R R B B AT 24 DA
V] e 2 T PR REE s ) B A A T AR P AR BB R S AR I I, B AR T T 3 i e FOIR A

Seventy percent to 100 percent overpressure is usually required to achieve full lift of a pallet (see
Figure C-5). For an application in which full lift of the seat pallet is required for capacity reasons but
cannot be obtained because of a pressure limit on the storage tank, a larger venting device or multiple
venting devices must be used at reduced lift and capacity. Several large venting devices instead of many
small venting devices are usually preferred to minimize the number of tank penetrations. As an
alternative, a set pressure below the maximum allowable working pressure of the tank may be selected
to allow full lift.

A K 7 ZE s 70%3] 100% 7] AT AR S8 4TI o O0FT T R D R S o s B e A TR, A
H T A E A s g BRI AN BESRAT AR 58 4 O L, AEFRAR A THE BE SR BRI D0 T, e 20U K20 e
BN E . LA KR AU E ARV 2 /N O B B A 1, IXRE RT DA /MR RE )
ZFflo B RAIE T RE, BUEEIARTRER A W TAER ), DAARVFEaTHE.

C.2.3 SEAT TIGHTNESS
C.2.3 RESE

A soft, nonstick material is typically used on the sealing surface of the pallet. This material produces
a better seal between the pallet and the nozzle and prevents the pallet from sticking to the nozzle.

TR R, AR PER ) ST FIAE SR B B T IR e AR 1 8] 7 2 R AP, Bl 13
BORSAEE 1 F.

A direct-acting vent valve is tightest when tank pressures are 75 percent or less of set pressure.
When tank pressures are 90 percent or more of set pressure, seat leakage is common. The closer a tank
gets to the set pressure, the more the seats leak. For the same set pressure, larger vent valves are
tighter than smaller vent valves. This is because the circumferential unit load at the pallet seating surface
is directly proportional to the diameter of the seating area.
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S ) B s T IR TS% B AR, AR A Gl AT de o 1R I o AR D BOE I
90% B iy, IR KT R AR 3 Lo BRI (Y e g IR Ty, MR B AR AR sy, KR
I I /N R PR T R D o K DAL DA 11 AR 18 152 o) A7 Ao T R T (1) AR BRI LE

Seat leakage can cause vent valve seats to stick closed if the vapors from the storage tank product
polymerize when exposed to atmospheric air or the vapors autorefrigerate, condense, and freeze
atmospheric moisture. Purging the seat area with an inert gas, such as nitrogen, or using a
steam-jacketed venting device may be necessary to prevent sticking.

UK AR ™ i (10 2R A 2 R A SR B T B B« Y BNV R R 7K s R s i
e S B0 TR IR ERGE . O 1151k ARG, WRE R SR (g0 SR i Jas sl 1 A
A 2RO Nl R

Seat leakage can be caused by uneven bolt torque on flanged connections, particularly in large
diameter devices Figure C-1—Open Vent such as weight-loaded emergency venting devices.

IR IR ) AN 2 o S EUR et , JCHGE EARBOR R Bk, W d s UR SOl e

In areas with strict fugitive emissions regulations, open vents may not be acceptable and vent
device selection must consider maximum leakage requirements during periods of normal tank operation.

FEA A R HE IO AE R DX, OT 3B T BEANTT AT,  HAEREIE W5 I000], 3R A £
2025 RS d K i K

C.2.4 VENTING DEVICE SIZES AND SET PRESSURES
C.2.4 BREEWRTHEEES

Direct-acting vent valves are typically available in sizes from 2 inches (50 mm) to 12 inches (300
mm); however, vent valves in a stacked configuration (see Figure C-4) are available in sizes up to 24
inches (600 mm). The size of a vent valve is based on the venting device’s tank connection.

TR SO A R SRR SE O A 2 s (50 mm) #1] 12 JEsf (300 mm) 5 Ehngify (WK C-4)
HH I8 AR 1) R AT 24 95sF (300 mm) o T8 A1) RS T A A TR R B

Typical set pressure ranges for weight-loaded vent valves are up to 16 ounces per square inch
pressure (69 mbarg) and up to 10 ounces per square inch vacuum (-43 mbarg). Springloaded vent
valves must generally be used for pressure or vacuum settings that exceed these values because the
supporting structure and space for the added weights is not available.

i AT A ) S R R ) R T IA 16 £ /) R JT i) ) (69 mbarg) FH 10 5 w) BT vE )
Y (<43 mbarg) o B TR REAESC LRI A I E e, —RE L, R E A R A )
B BN U EL A IR L IR A

Verification of the set pressure of a venting device after it has been installed on a storage tank can
be accomplished by increasing the tank pressure or vacuum. To change the set pressure, weights must
be added or removed from the pallet, a new pallet must be used, or the spring must be adjusted (if a
spring-loaded vent valve is being used).

MR 2R R 5, TR0 (4 s AN S T EASEILE S T (KRN . R BOE IS g, AT
FERRR MG I s T, AR AT, R (R A s S R .

C.3 Pilot-Operated Vent Valves
C.3 &2 B

C.3.1 DESCRIPTION
C.3.1 #k

Pilot-operated vent valves are available to provide pressure relief, vacuum relief, or a combination
of pressure and vacuum relief. Some vent valves may be equipped with flanged outlets when pressure
relief vapors must be piped away. Unlike side-by-side direct-acting vent valves, pilot-operated vent
valves relieve pressure or vacuum through the same opening to atmosphere (see Figure C-6).
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S S AU AR T ARSIt s o 302 D el s A R 2 R 20 o 224 it s L PR 280 b A e A
EHEER, — Sl U P RCSE 2 A R U s I T e M E s Al AN, 56 Ul R
A ) AN B DR UAHAEE 0 H S8 ) s (WL C-6).

C.3.2 PRINCIPLE OF OPERATION
C.3.2 TA/ERH

A pilot-operated vent valve for pressure relief uses tank pressure, not weights or a spring, to keep
the vent valve seat closed. The main seat is held closed by tank pressure acting on a large area
diaphragm. This tank pressure covers an area greater than the seat sealing area, so the net pressure
force is always in a direction to keep the seat closed. The volume above the diaphragm is called the
dome. Should the diaphragm fail, the dome pressure will decrease, and the vent valve will open.

26 3 2 UM s I R A E s g, TOAN 2 T ) Bt S A g, S ORI o D P - 1 I e T e A
FHAE R TS e S i s ) DR 50 PAT o G T AT P 0 T RRK s S iy 0 T AR, ATt e P A P 77 ) st
REORFF IR PR P 5 BRI ARSI AL RS — FLUR S, VB 0Re R R, Tl 4T T .

The pilot is a small control valve that continuously senses tank pressure. When the tank pressure
increases to set pressure, the pilot actuates to reduce the pressure in the dome volume, the force
holding the seat closed is reduced, and the seat lifts to permit tank pressure to discharge through the
vent valve. When the tank pressure decreases, the pilot closes, the dome volume repressurizes, and the
main seat closes.

P P A BENS TR SR I i s R N R IR 1T o A RE B N B VE ), S an s iR
IV g5 DR AR IR 88 G AT ROV FH D B 0l TR T P e s 3 30 IR S o i s )
Wb JE, SEAR R, VEERTINE, TR K .

E
L 4

Pressure pallet

Tank connection

Vacuum palist
Figure C-2—5ide-by-Side PressureMacuum Vent
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Pressure relief /
Figure C-3—Large Weight-Loaded Emergency Vent

lf',l

Tank connection
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Tank connection

WEIGHTED PALLET
WEIGHTED PALLET PRESSURE VACULM VENT

VENT FLANGED OUTLET

Tank connection

Tank connection "Il‘
SPRING-LOADED PRESSURE SPRING-LOADED
VACUUM VENT

VENT FLANGED OUTLET

Tank connection

Tank connection

SIDE-BY-SIDE SPRING-
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PRESSURE/VACUUM VENT LOADED PRESSURE WEIGHT-
LOADED VACUUM VENT
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Figure C-4----Direct-Acting Vents

Blowdown is defined as the difference between opening and closing pressure. This pressure
difference is expressed as pressure or as a percent of the set pressure. Typical blowdowns are 0 percent
to 7 percent. A vent valve with 0 percent blowdown is known as a throttling vent valve. A throttling vent
valve is similar to a direct-acting vent valve because it begins to open and close at almost the same
pressure; however, unlike in a direct-acting vent valve, full lift of the seat in a throttling vent valve is
obtained at or below 10 percent overpressure (see Figure C-5). Where tank operating pressures are
very close to the maximum allowable tank pressure, this lift characteristic permits overpressure
protection to be accomplished with smaller or fewer venting devices.

T HECR: 3 SR 8 AR IR DG I 1 s ) 2 o 3N R 0 22 I 0 B B T i 0 1R BT 4 bk
o SRR SO 0% ~7% o FEJPHEACRE 0% (B IRIFR b I AR, Ul L i 5 23 1
AL, BRA EAT TSR A LR R s ) TR REC T AN, 5 B )8 U T I R 2 15
LIRS 11 18 s ] LAAE 1096 BUAIC T 1096 (R H R 58 24T FF(ILIE C-5). fhfifiifdf VM ) JEH Heil it fse K
SOVRI I BTy, TXRET PR SO VR P A0 s A0 e R S I s DR

A pilot-operated vent valve for vacuum relief uses atmospheric pressure to keep the seat closed.
The force holding the seat closed is equal to the seat sealing area times the pressure differential across
the seat. This pressure differential is equal to atmospheric pressure plus the tank vacuum. When the
tank vacuum equals the pilot set, the pilot opens to apply tank vacuum to the large dome volume above
the diaphragm. Atmospheric pressure acting on the downstream side of the diaphragm forces the
diaphragm and seat up. Little or no increase in tank vacuum beyond the vent valve setting is required to
obtain full lift of the seat. When the tank vacuum decreases, the pilot closes and atmospheric pressure
enters the dome to close the main seat.

I3 0 T80 0 5 3 O IR AR P R0 g R AR AR o D PAT o (R ARF R i 5 P PR A4 P 0 45 1 I s s i
3 T AR 36 LAH L ) J g 00 ) H. 22 o S 2255 T KAUR I LA (GRvt) . iS55 T8 e iR
SEAEN, et K SRR L7 L. AR BB O FR R g A e SR i Jas LTI
AFRS IR BE e FUS AR, LA R0 22 Ak RE L2 Bt ] LS P8 ) 40T o A i Lo 2 IR, 2
SPARRH], KA JJREAVRL IR M T2 1 s

Should the diaphragm fail, atmospheric air will enter the dome and prevent tank vacuum from
creating a force differential to lift the seat. Double diaphragm vent valves are available to prevent such a
failure (see Figure C-7): One diaphragm is for pressure actuation, and one is for vacuum actuation. Each
diaphragm is isolated and protected from the flow stream and fully supported to minimize stress. The
vacuum diaphragm moves only to provide vacuum relief to extend its service life.

— BB, KA NVRAL,  BH I8 o i 227 AR T T IR AR PR ) 2 o WL B < e
B IR R R AL C-7): — AR TRt 55— MRS BRI 2 A
TRAPANSZIAR IR FEN, FFAT 70 53 SCHE UL BNy B/ o FLA7 BRI AE S L e IO A% 5 DLRE K L T AR

FFAT o
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Figure C-5—Capacity/Overpressure Characteristic of Vent

C.3.3 SEAT TIGHTNESS
C.3.3 s E 5

All low-pressure pilot vent valves are soft seated for premium tightness. Unlike in a direct-acting
vent valve, the force holding the seat closed in a pilot vent valve increases with increasing pressure. This
force is maximum just before the vent valve opens, so leakage will not occur when tank pressure
increases or when tank pressure is kept near the set point of the venting device. The force available to
open the seat at set pressure is also maximum, since the force holding the seat closed is removed when
set pressure is reached. The opening force available is essentially equal to the seat area times the tank
pressure.

P A M g 3 IR AR P g Jas A DRAIE et B SRk o ANTR) T s e, 5 3 G 7 P4
J3E R P AR A D g it s D S a0 o AESE RIFT T 280, X AR s 25 K, Bt AZE R RE S 48 I ik e
it e s ) DR AE T R B O I I ML, ANkl . OIS 2I¥CE s i GES 5 KB KD AE IS
PRI i R 15 B DA PR FT O T8 e E5 1 A ) A P 0 Rk B B Ko IXANT T IR e (R4 FH 0 A
S5 1 A AR 3P LAt i s ) o

C.3.4 PILOT TYPES
C.3.4 e S8R

Two types of pilot actions are available, modulating and snap action. For modulating action, the
main vent valve opens gradually with increasing pressure and achieves rated relieving capacity at
relieving pressure. Modulating valves reclose at set pressure. For snap action, the main valve opens
rapidly at set pressure and achieves rated relieving capacity at relieving pressure. Blowdown is normally
adjustable.

H AT A5G S A P RE: RO ) HRBIEG a0 PR B s 7 9 Iy 284717
P 3 A RV HUE HEBCR: . BRI RAE BOE I I HR M Tt s, BRI 2B
Jis S PRI FT I I FLAE MO T I3k BURE HE R . s H ORI 2 T

C.3.5 VENTING DEVICE SIZES AND SETPRESSURES
C35HAREBRSTAEEES

Low-pressure pilot-operated vent valves are typically available in sizes from 2 inches (50 mm) to 12
inches (300 mm). The size of a vent valve is based on the venting device’s tank connection. Available set
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pressures range from 15 pounds per square inch gauge pressure (1.034 barg) to 14.7 pounds per
square inch gauge vacuum (-1.013 barg). The minimum opening pressure is typically 2-inch water
column pressure (5 mbarg) or 2-inch water column vacuum (-5 mbarg).

A 0 S 281 s 5 3 AR AU R RO AE 2 98] (50mim)~12 J&~f (300mm) Z [ 3l IR
PR T AUR S I R E . AR BOE s VB HLE A 15 B5/in2(15psig)  (1.034barg) ~
14.7 153/in2(14.7psig- .75 % 1) (-1.013barg). S8 /INPFT IF Iy 2 9aF7K4E (Bmbarg) 5% 2 Je~f7K
HRIPEAE (-bmbarg).

Pilot

Tank connection

Figure C-6----Pilot-Operated Pressure Vent (Single Diaphragm)
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Pilot inket

Vacuum actuator

assembly

T~ Pressure actuator
assembly

I \ Pressure diaphragm

Shield

Seat plate

A —: R

Mozzle Film protector plate Fim s=at Base flangs

Figure C-7----Pilot —Operated Pressure/Vacuum (Double Diaphragm)

C.3.6 OPTIONAL FEATURES
C.3.6 AJiEThAE

Several options are available with a pilot-operated vent valve. Forverifyingsetpressure,
afield-testconnectioncan be supplied that permits checking the set pressure with the vent valve installed
and pressurized.

0 S AU T Tl WS BRI LR W T LK S LR ) A 245 AT

A valve to operate the vent valve as a blowdown device can be supplied if depressurizing the
storage tank is required. This valve can be operated manually at the vent valve or remotely from a
control room.

A DU I A, PR AEE S g, SRR O R R R, X 1R T LT B S A & A
Pl

76 7, L8171



AP1-2000 (HF3ChRD

For installations where inlet piping pressure losses may cause the vent valve torapidcycle, the pilot
can be equipped to sense tank pressure at a location upstream of the inlet pipe to prevent the vent valve
from rapid cycling. This option, known as remote sense, will prevent the vent valve from rapid cycling;
however, the relieving capacity will be reduced

H 3 IR T 22 e A N TS S A8 At R DRI A, T DL 222 506 3 2 R TN S N 10 B ) 3 AL i s LA
IEAE R DRRAEIA o DSL At s 6 ) AR e ARG E e T 38 AU RN T AR PR s g, BTG — 38 S5 2 ) DA 13 i<
PRI, HEIRAS TR RE ) .

Because capacity is dependent upon the pressure at the vent valveinlet. When in the tank vapors
may be a problem, an external, fine element filter can be supplied for the pilot pres- sure sense line.
When polymerization of tank vapors in the pilot may be a problem, an inert gas purge at the pilot pres-
sure sense line can be supplied to prevent the tank vapors from entering the pilot.

X T REN R R, 7] G T e Hs AR BN I an &k BB s 0 TN 28RS S AR TP R i
AIAE S AR BONAE T UALE G 4%, BiE A THEASE S ek

A pilot-operated vent valve can be equipped witha pilot lift lever and a position indicator. A lift lever
permits manual operation of the pilot to make sure it is free to operate. Actua- tion of this lever will
always open the main valve if the tank is pressurized. A position indicator is a differential pressure
switch that can be used to signal a control room when the vent valve is open or closed.

o NI U AT P25 SRR T AR A 8 o SR THFT AT LU B2 56 3 4 LLORUEIE T A %
BT WRGELIE N, XTI R e (gl Is 2= Rl B n] DU N R 5 U I
TFH.
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API related publications order form

APl I H RRIT 2%

Date (month, day, year) API Member(check if Yes)
H# O, H, 4 APl & b1 GEETTED

Invoice to Check here if same as Ship to

KRBTSR bn 5 iz kAR [R5 478

Ship to UPS will not deliver to a P.O. Box

! UPS iz 25 AN BE1% A IS B 5 4

Company Name/Dept.
NGBS W]

City State/Province
Ik T VAlE=)
Zip Country

LI S 2 % EER

Customer Daytime Telephone No.
Joi s H 1] H 1% 5 6

Fax No. (Essential for Foreign Orders)

fEE 50 AR T L IH

Payment Enclosed Please bill me

A B B4 i ik s

Payment by Charge Account P.O. No.

18 o5 R P ST IR ]

mastercard visa 3 [F M ¥ Customer Account No.
Account No. B S

M 7 b

Name(As it appears on card)
27 (iR B o)
Expiration Date

b3 H A

Signature

B4

State Sales Tax The American Petroleum Institution is required to collect sales tax on publications
mailed to the following staes:AL, AR, CT, DC, FL, GA, IL, IN, IA, KS, KY, ME, MD, MA, MI, MN, MO, NE,
NJ, NY, NC, ND, OH, PA, RI, SC, TN, TX, VT, VA, WV, and WI. Prepayment of orders shipped to these
states should include applicable sales tax unless a purchaser is exempt. If exempt, please print your
state exemption number and enclose a copy of the current exemption certification.

Exemption No. Name

I BB S P B SR A R A5 AR LU IR 22348 2B AL, AR, CT, DC, FL, GA, IL, IN,
IA, KS, KY, ME, MD, MA, MI, MN, MO, NE, NJ, NY, NC, ND, OH, PA, RI, SC, TN, TX, VT, VA, WV, I
Wio BRAFMG ST DL B, 15 WA A3 LM B LT S Uk o W A 5 5 vk sl e H OV 9t o B Rt
o, 1 BN ARSNGB I B — 0 I S S Bk W i) 524

Gl i &
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quantatives Order Title SO* Unit Price Total
Ko number fy iy 7 ? LTI X /iy
i
RP 520, Sizing, Selection, and Installation of
C52010 Pressure-Relieving Devices in Refineries, Part |, $ 85.00

“Sizing and Selection”
RP 520, #li) 9 B (9 70, JEFERI S
o R
RP 520, Sizing, Selection, and Installation of
C52024  Pressure-Relieving Devices in Refineries, Part Il $ 55.00
“Installation”
RP 520, #ith) VR 5 4% 1140 %
G e
C52104 RP 521, Guide for Pressure-Relieving anc $ 115.00
Depressuring Systems

RP 521, #sAnltE RA RS

|, R,

C52604 RP 526, Flanged Steel Pressure Relief $ 70.00
Valves
RP 526, % == 3242 () £ i 3 s 1
C52700 RP 527, Seat Tightness of Pressure Reliet $ 40.00
Valves

RP 527 )i [k ] 1) 3k % 4

Subtotal
State Sales Tax (see above)
Rush Shipping Charge (see left)

Shipping and Handling (see left)

Subtotal 211}

State Sales Tax (see above)

P BB Clnirig )

Rush shipping charge(see left)
mEfas el LA
Shipping and Handling(see left)
s T2 (LA

Total(in U.S. dollars)

st (BLEJTih)

Shipping and Handling All orders are shipped via UPS or First Class Mail in the U.S. and Canada.
Orders to other Countries will be sent by Airmail. U.S. and Canada, $5 per order handling fee, plus
actual shipping costs. All other countries, for Airmail (standard service) add 25% of order value. All other
countries, for UPS Next Day, add an additional 10% of order value.

BN AT P SEE AN ST BRI UPS B OB Il A o 184 HAth B K T ok e
FESEEAINEE R, BRI I 5SS T2 3%, AMIMSLPrilay 2 . Pra b E %, i erEiRgs)
i IISCIT P A6 1) 25%. BT HAlE 5, 55 R UPS 1, #iANIT 2% 1T # 10%.
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Rush Shipping Charge FedEx, $10 in addition to customer providing FedEx account
number: . UPS Next Day, $10 plus the actual shipping costs(1-9 items). UPS
Second Day, add $10 plus the actual shipping costs(1-9 items).

Rush Bulk Orders  1-9 items, $10. Over 9 items, add $1 for each additional item.

Note: Shipping on foreign orders cannot be rushed without FedEx account number.

SatkEmet  BORbeE, W 108, T IR AL L K

B UPS 4, 10$hn L sefrftisimsi i (1-9 #4F). 5K UPS £, i 108 Lsekririst s i (1-9 14,
SAKHT R 194k, 10$. 9 1F, B2 1Rk 1$.

A EAMOTT B IO PR K -5 ey n 2

To be placed on Standing Order for future editions of this publication, place a check mark in the space
provided. Pricing and availability subject to change without notice.

FEFR € DASAT 4 DAET T W AS R RDBTICAS o s FHAE B 1 L A7 A2 3l JEAN T 40

Mail  orders:American  Petroleum Institution, Order Desk, 1220 L  Street, N.W.,
Washington,DC.20005-4070

MSEETT I : eSS, TN, 1220 L 47, N.W. fEE&di 20005-4070

The American Petroleum Institute provides additional resources and programs to industry which are
based on API Standards. For more Information, contact:

% [ o BT APLFRHER VAR LA BRI H o AAE 25, TR

= Seminars and Workshops Ph: 202-682-8187
WFCHERI I > Pt
Fax.  202-682-8222
= Inspector Certification Programs Ph: 202-682-8161
pig= 4 AMRURE
Fax.  202-962-4739

= American Petroleum Institute Ph: 202-962-4791
SIS
Quality Registrar Fax.  202-682-8070
Jih B
= Monogram Licensing Program Ph: 202-962-4791
AR H Fax:  202-682-8070
= Engine Oil Licensing and Certification System Ph: 202-682-8233
RANHLHETE S IC KNE R G KRR G
Certification System Fax:  202-962-4739
UNIEISA
Petroleum Test Laboratory Ph: 202-682-8064
°  AiASERE
Accreditation Program Fax:  202-962-4739
it
= Training Programs Ph: 202-682-8490
Bl H Fax:  202-682-8222

In addition, petroleum industry technical, patent and business information is available on line through
APl Encompass. Call 212-366-4040 or fax 212-366-4298 to discover more.

AN, A A, SRR G B API Encompass 1] LLIEZE 3RS . $R4T 212-366-4040 B ¥ 1%
B4 212-366-4298 FKHUHE 215 B .

To obtain a free copy of the API Publications, Programs, and Services Catalog, Call 202-682-8357 or fax
your request to 202-962-4776. Or see the online interactive version of the catalog on our World Wide

%580 01, HL81 1T
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Wed site- http://www.api.org.
K47 202-682-8357 TN &AL ARG R E 202-962-4776 LIRS API H B, T H MRS H F %2 218,
a3 U7 i) A TR 3G http://www.api.org 75 £ WEAS B H A .
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