JNDUSWRIAL
- VENBILATION

A'Manual of Recbmnﬁenderi Prabtlce -
LY for Operdn%n aml‘ =

Maintenance

2nd Edition

This is a preview. Click here to purchase the full publication.


https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

siabeuew pue ‘@ouBUSUIRW ‘SIBSN Ul ]
swajsAs ui abueyo abeuepy

swiajqoud wa)sAs Jooyss|gnol |
suopesado ul spusJj yoel |

Bunsay pue spodas AiojeinBal apirold
SwajsAs ulejulewWw pue JOJUO

Bulutes] pue

swajsAg uone|jua [eLysnpul Bulkypop
swa)sAg uoneuay Bunooyssignol
sao1Ae( Bulues|) oy — NN
soueULBlUIR\ pue

Buuojuopy weysAg uoneluap ‘g

|enuepy 8dueusjuley @ uonesado

© N oo

UOOYSa|qNo. |

BuLIoUOW

adueusjuley pue uonesado

suleseq wajshs e jeg

souewlopad Jo jooud Jonpuo
BUuIUOISSILWIWOD }oNPUO
UOIJONIISUOD JOHUO

swiaysAg uonepua Joy Aouaiolyg ABisug -0
Buiouejeg ay -

swa)shs

UonE[US\ JO Juswainses|y pue Bunsa|
90UBWIOHA JO Joold pue Bujuoissiwwo)
aseyd Juswabeuepy

108f01d pUE UOIONISUOD

|enueyy adueuajuiep @ uopesad

o}
o]
N

14

't
C

b

o]

BuluOISSIWWOD

uopnejjesuj

mainal Aioyeinbas Joy ejep dojpreqg
wajsAg ubiseq
suoneoyioads pue suejd dojarsqg

suoneladQ oyads gl

$9INpavoId uone[noje) ubisaq
wa)sAg uole|USA Jsneyxg [eoo]
seo1na( Bulues| Iy

sue4

ubisag pooH

sa|diouud ubisag

>0e)g abieyosiq pue wajsAg jong g
|enueyy ubiseq

G N oo

ubisaq pajiejeq

uBjseq pajiejaq

wea) Joafoid eziuebio

s1500 Aejabpng aledaid

SUORIPUOD JuEld PNy

spaau AioyenBas pue ssaooud suyaqg
sjosse 9)el0diod ajquiassy
saounosau ubisap Ajyuap|

uBisap jdsouos/ueld e dojersg

sanbiuyos] pue soido] [e1oads ‘Z)
swa)sAg iy Aiddng L)
UOHE(JUSA [eL)snpu]| [BI8USD "0)

sa|diouud
uBisa@ wolsAg UolEUSA [ELISNPU| §
Moy Jo seidiould ¢
uonewrs3 jso) pue ubiseqg Aleulwald g

|enuepy ubiseq

iy yuswaoejday

sanss| Abjou3

BEEEREER)

uBysaqg Areujwijeid

W3LSAS NOILVIILNIA TVIILSNANI NV 40 310AD 3411

sanss| pue wajqoid ay} suleq

Sway| uopdy

JUSWISSOSSY XSy ‘|
|enuepy ubiseq

$824N0G UOpEULIOjU|

sIsAjeuy 3siy
JusuL

\/
ainsodx3

juswissessy

ion.

t

ICa

. Click here to purchase the full publ

IS IS a preview

Th



https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

INDUSTRIAL
VENTILATION

A Manual of Recommended Practice
for Operation and
Maintenance

2nd Edition

ANN\W !__,, oy
el = Defml
Hea

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

Copyright © 2020
by

American Conference of Governmental Industrial Hygienists (ACGIH®)

ISBN: 978-1-607261-14-8

All rights reserved. Printed in the United States of America. Except as permitted under the United States Copyright Act of 1976,
no part of this publication may be reproduced or distributed in any form or by any means or stored in a database or retrieval sys-
tem, without prior written permission from the publisher.

ACGIH"

Kemper Woods Center
1330 Kemper Meadow Drive
Cincinnati, Ohio 45240
513-742-2020
publishing@acgih.org
acgih.org

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

CONTENTS

FOREWORD ...t e e e e e e e e e e v
ACKNOWLEDGMENT S . .ottt e e e e e e e e e e e e e e e e e vii
DE NI T ON S .o e e e e e e ix
ABBREVIATION S . . xi
CHAPTER 1 CONSTRUCTION AND PROJECT MANAGEMENT PHASE . ... ... ... .. it 1-1
L1 Introduction . . .. ... 1-2
1.2 Goals and Objectives During Construction .. ..............oiiuniiiineeunneennneennnn. 1-2
1.3 Project Team Organization and Responsibilities ............... ... .. ... ... 1-4
1.4 Construction DOCUMENES . . .. ..ttt et e et e e e 1-6
1.5 Project Scheduling . ... ... ... . . i 1-9
1.6  Managing Change and Avoiding Delays ........ ... .. .. i 1-10
1.7 Construction REVIEWS . . ... ... 1-12
1.8 Preparation for System COommiSSIONING . . ... .ottt ettt 1-19
1.9  Closeout Procedures and Responsibilities . ............. .o, 1-20
REFERENCES .. e 1-20
APPENDIX A1 SAFETY CONSIDERATIONS FOR CONSTRUCTION PROJECTS ............ 1-24
APPENDIX B1 TRADE UNIONS IN VENTILATION PROJECTS . ..... ... ... 1-27
APPENDIX C1 CONSTRUCTION DRAWINGS . .. ..o e e e 1-27
CHAPTER 2 COMMISSIONING AND PROOF OF PERFORMANCE ... ... ... i 2-1
2.1 INrOdUCHON . . . o oottt e e e e e e e e e e e e e e e 2-2
2.2 Commissioning Team Organization . . ... ... ........uueuetrnereennennenn e, 2-4
2.3 Components of the Commissioning Process ............ ... .. ... 2-5
24  Forms and Documents . ... ...........iuitni et 2-20
2.5  Proof of Performance .. .......... .. ... ittt 2-20
2.6 TralliNg . .. oottt e et e e e e e e e e 2-25
2.7 SUIMIMATY .« .ottt ettt e et e e e e e e e e e e e e e e e e e e e 2-25
REFERENCES .. e e 2-25
CHAPTER 3 TESTING AND MEASUREMENT OF VENTILATION SYSTEMS ........ ... ..., 3-1
3.1 INtrodUCHiON . . ..ottt e 33
3.2 Computing Air Velocity and Airflow Rates ........ ... .. ... i 3-5
3.3 Representative Sampling for Pressures and Velocities ................. ... ..., 3-10
3.4 Static Pressure Measurements . ... .. ... .....etunte ettt 3-16
3.5 Selection and Use of InStruments . . .. ... i 3-17
3.6 Calibration . . ... ..ottt e e 3-29
3.7  Practical Issues in Ventilation System Measurement . . ...............cc.ovieuniinnnoo... 3-32
REFERENCES .. e 3-34
CHAPTER 4 AIR BALANCING . ..ottt e e e e e e e e e e e e e e e e e e e 4-1
4.1 INtroduCtion . . ... oot e 4-2
4.2 Flow Control DeviCes . . . .. ...t e 4-2

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

iv Industrial Ventilation

CHAPTER 5

CHAPTER 6

CHAPTER 7

CHAPTER 8§

4.3  Strategic Goals for Balancing . .. ... e 4-4
4.4  Initial Steps Prior to Balancing . ............ ... . e 4-6
4.5 Balancing Methods . . ... ..o i e 4-9
REFERENCES .. e 4-13
VENTILATION SYSTEM MONITORING AND MAINTENANCE . .......... ... ... ... .... 5-1
5.1 IntroduCtion . . .. ..ot 5-2
5.2 Why Monitoring and Maintenance are Needed . .......... ... . ... ... .. 5-2
5.3  The Value of Predictive Maintenance ... ..............c.uieeunneiuneeinneennneennnns 5-5
54  Recommended Practice —Key Elements .. ............... 0., 5-6
5.5 Maintenance Risk Assessment Process . ............ ... i 5-10
5.6  Technical Documentation — Baseline .. ........... ... .. .. .. . .. .. 5-12
5.7  System Monitoring Using Baseline Data . ........... ... ... i i, 5-14
5.8  Ventilation System Program Management . ................ .ttt 5-16
REFERENCES .. e 5-16
MONITORING AND MAINTENANCE — AIR CLEANING DEVICES ........................ 6-1
6.1  Introduction . . . ... ... .t 6-3
6.2  Mechanical ColleCtors .. ... ...ttt e e 6-3
6.3 Fabric FIlters . ... ... e 6-5
6.4 Particulate SCrubbers . ... ... ...t 6-27
6.5  Absorber Scrubber SYStems . .. ... ... . 6-33
6.6  Thermal and Catalytic OXIdiZers ... ... ... .ottt e 6-38
6.7 Vapor Adsorption SYStEIMS . . . ...ttt 6-45
6.8  Fiber Bed Filtration ... ... ... ... .. . 6-50
6.9  Electrostatic Precipitation . . ... .........tut ettt 6-56
6.10 Wet Electrostatic Precipitators . ... .........uuntut ittt 6-60
6.11 Bioscrubbers and Biofilters . .......... ... .. 6-68
REFERENCES .. e e e e e e 6-74
TROUBLESHOOTING VENTILATION SYSTEMS . . ...t 7-1
7.1 INtrodUCION . . ..o ettt e e e e 7-2
7.2 Evaluation of the Problem . ....... ... ... 7-2
7.3 System Walkthrough: Visual Observation and Assessment . .. ..............c.coouneunenn .. 7-5
7.4  Preliminary Measurement and Data Evaluation .......... ... ... .. ... ... ... ... ......... 7-5
7.5 Indications of System Performance Degradation .. ........... ... ... .. ... ... ... ... ... .. 7-7
7.6 Selection of Troubleshooting Methods .......... .. ... i 7-7
7.7  Baseline Deviation Method . ....... ... ... i 7-12
7.8  Pressure Ratio Methods .......... ... 7-17
7.9  Troubleshooting When No Baseline Data Exist ............... ... ... i, 7-19
7.10  Coefficient of Entry and Hood Flow Evaluations .............. ... .. .. ... ... ... ..... 7-22
7.11  Air Handling Unit Troubleshooting ... ........... ... .. i 7-25
7.12  Validation of Results . ... ... ... 7-25
REFERENCES .. 7-26
MODIFYING INDUSTRIAL VENTILATION SYSTEMS .. ... e 8-1
8.1  Introduction . ... ... ... .t 8-2
8.2  Managing Industrial Ventilation Changes ........... .. ... ... .. . . .. 8-2
8.3  Ventilation Change Review . ....... ... . 8-3
8.4  Increasing or Decreasing the System Airflow Rate ............ ... .. ... ... ... ... ....... 8-4
85 AddingaDuctBranch ......... ... . ... 8-6

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

CHAPTER 9

CHAPTER 10

Contents

8.6 RemovingaDuctBranch .......... ... 8-15
8.7  Increase Opening on Enclosing Hood .......... ... ... .. ... .. . i, 8-16
8.8  Moving a Hood in Relation to a Contaminant Source . . ..............coviriinninnenn ... 8-17
REFERENCES .. e 8-18
OPERATOR SKILLS AND TRAINING .. ..ttt e e et e e e et e 9-1
9.1  INtrodUCHiON . . . ...ttt et et e e e e e 9-2
9.2 Functional Roles .. ... ... e 9-2
9.3 Skill Level 1: General AWareness . ... .. ... ... eune et ettt 9-2
9.4  Skill Level 2: System USer . . .ottt ettt et et ettt et et e 9-3
9.5  Skill Level 3: Industrial Ventilation System Operators . ................c.oiuiiuneenenn .. 9-3
9.6  Skill Level 4: Industrial Ventilation System Troubleshooter .. ............................ 9-3
9.7  Skill Level 5: Industrial Ventilation System Change Management . .. ...................... 9-5
9.8  System Operators Interface with Other Plant Personnel ................................. 9-5
9.9  Developing Site-Specific Training Programs . . ........... ...ttt 9-6
9.10 Local Exhaust Ventilation Fundamentals . ... ......... ... ... . . ... i, 9-7
ENERGY EFFICIENCY FOR VENTILATION SYSTEMS . ... ... e 10-1
10.1 Introduction . . ... ..ottt et e e e 10-2
10.2 Factors Affecting the Energy Efficiency of a Ventilation System ......................... 10-2
10.3  Energy Efficiency Opportunities for Industrial Ventilation Systems ...................... 10-9
REFERENCES .. 10-21
ACKNOWLEDGMENTS . .. e e e e e 10-22
.................................................................................... 11-1

This is a preview. Click here to purchase the full publication.

\4


https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ACGIH/169536992/Industrial-Ventilation-A-Manual-of-Recommended-Practice-for-Operation-and-Maintenance?src=spdf

FOREWORD

Since its first edition in 1951, Industrial Ventilation: A Man-
ual of Recommended Practice for Design (the Ventilation
Manual) has been used by engineers, industrial hygienists and
other practitioners to both design and evaluate/repair industrial
ventilation systems. This Manual entitled /ndustrial Ventila-
tion: A Manual of Recommended Practice for Operation and
Maintenance (the O&M Manual) is written as a companion
document to the Design Manual and is intended to comple-
ment its information. The Industrial Ventilation Committee
has found a need in the public forum for further consideration
of a number of burgeoning issues that would benefit practi-
tioners of this art. Consequently, the two Manuals can be con-
sidered as a whole entity even while they will generally
address different subjects.

To facilitate navigation between the two volumes, an insert
on the front, inside cover shows how the chapters are related.
The two Manuals are divided into several topics, which gener-
ally follow the timeline for the development of an industrial
ventilation system.

*  Concept Design

+ Risk Assessment — Design Manual —
Chapter 1

* Preliminary Design and Cost Estimation — Design
Manual — Chapter 2

+ Special Topics and Techniques — Design Manual —
Chapter 12

*  Detailed Design

* Principles of Airflow — Design Manual —
Chapter 3

* General Industrial Ventilation — Design Manual —
Chapter 10

* Duct System and Discharge Stack Design Princi-
ples — Design Manual — Chapter 5

* Hood Design — Design Manual — Chapter 6
* Fans — Design Manual — Chapter 7

+ Air Cleaning Devices — Design Manual —
Chapter 8

* Local Exhaust Ventilation System Design Calcula-
tion Procedures — Design Manual — Chapter 9

* Supply Air Systems — Design Manual — Chapter 11

vii

» Specific Operations — Design Manual — Chapter 13
+ Installation

* Construction and Project Management Phase —
O&M Manual — Chapter 1

*  Commissioning

* Commissioning and Proof of Performance — O&M
Manual — Chapter 2

+ Testing and Measurement of Ventilation Systems —
O&M Manual — Chapter 3

+ Air Balancing — O&M Manual — Chapter 4
*  Monitoring and Maintenance of a Ventilation System

* Ventilation System Monitoring and Maintenance —
O&M Manual — Chapter 5

*+ M&M — Air Cleaning Devices — O&M Manual —
Chapter 6

» Energy Efficiency for Ventilation Systems — O&M
Manual — Chapter 10 (New chapter)

* Managing Ventilation Systems

* Troubleshooting Ventilation Systems — O&M
Manual — Chapter 7

* Modifying Industrial Ventilation Systems — O&M
Manual — Chapter 8

* Operator Skills and Training — O&M Manual —
Chapter 9

Information provided as a guideline can be influenced by
other factors in an industrial environment (material handling
techniques, cross-drafts and replacement air, work practices,
and housekeeping, etc.), therefore formulae developed in the
laboratory and at other sites may need to be altered further for
actual field conditions. In many cases, ranges of values are
shown, leaving final selection to be based on the experience of
the practitioner and appropriate field conditions. Hence, the
practitioner should always evaluate the effectiveness of hoods
and other parts of the system after installation and be prepared
to make changes as needed. Indeed, due to process changes,
work-practice changes, and to the effects of the aging of the
system, practitioners should continually evaluate and modify
systems throughout their life cycles.

This Manual is intended to be used as a guide, not as an offi-
cial standard. It is designed to present current information with
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viii Industrial Ventilation

regard to the subject matter covered. It is distributed with the
understanding that the Industrial Ventilation Committee and its
members, collectively or individually, assume no responsibili-
ty for any inadvertent misinformation, for inadvertent omis-
sions, or for the results in the use of this publication.
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