Downloaded from http://www.everyspec.com

MIL-HDBK-144
15 DECEMBER 1978

MILTTARY HANDBOOK

ENGINEERING DESIGN HANDBOOK FOR
AIR CLEANING FOR CHEMICAL
DEMILITARIZATION

FSC 4240



Downloaded from http://www.everyspec.com

Department of Defense
Washi ngton 25, DC

M L- HDBK- 144
Engi neering Design Handbook for Air Ceaning For Chenmical Denilitarization

15 Decenber 1978

1.  This standardizati on handbook was devel oped by the Departnment of Defense
under a contract monitored by Chem cal Systems Laboratory, US Army Arnanent
Research and Devel opment Conmand.

2. This publication was approved on 15 Decenber 1978 for printing and inclusion
in the mlitary standardization handbook series.

3. This handbook provides information and references relating to the design

of an air-cleaning system for chemical denilitarization operations. The goal

of the systemis the highly efficient renoval of toxic chem cal agents in the
form of minute particulate, aerosol, and gaseous matter. The handbook is
intended prinmarily for engineers and other technical personnel who are respons-
ible for designing air-cleaning systens capable of neeting the stringent require-
ments inmposed by public law and other regulations relating to the safe guarding
of the health and safety of workers and the environnmental quality of air dis-
charged to the atnosphere. It is the intent of the handbook to point out the
many areas of concern and to provide reconmmendations and precautions based on
previous experience with such systemns.

4. Every effort has been made to reflect the latest infornmation on air cleaning
for chemcal demlitarization. Beneficial coments (recommendations, additions,
del etions) which may be of use in inproving this document should be addressed
to: Commander, US Arny Armanent Research and Devel opment Command, Attn:  DRDAR-
TSC-S, Aberdeen Proving Gound, MD 21010 by using the self-addressed Standard-
i zation Document |nprovenent Proposal (DD Form 1426) appearing at the end of
this docunent or by letter.
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ABSTRACT

The purpose of this handbook is to provide information and
references relating to the design of an air-cleaning system for
chem cal denmlitarization operations. The goal of the systemis the
highly efficient renoval of toxic chemical agents in the form of
mnute particulate, aerosol, and gaseous natter.

The handbook is intended primarily for engineers and other
techni cal personnel who are responsible for designing air-cleaning
systens capable of meeting the stringent requirenents inposed by
public law and other regulations relating to the safeguarding of
the health and safety of workers and the environmental quality of air
discharged to the atnosphere. It is the intent of this handbook to
point out the many areas of concern and to provide recommendations
and precautions based on previous experience with such systens.

The air-cleaning system discussed here, patterned after that
extensively used in the nuclear industry, was devel oped by the
Chemical Systens Laboratory (CSL) of the U S. Arny Arnmament Research
and Devel oprent Command (DARCOM) and is presently installed at the
Chemical Agent Munitions Disposal System (CAMDS) facility located at
Tooele Arny Depot, Uah. The experience gained as a result of this
application is documented here to provide baseline data for designers
of future systens for denmilitarization operations and other sinilar
applications (e.g., chemcal |aboratories)

Criteria for establishing the air volume, airflow, and sizing of
the air-handling equipnment are presented. Consideration is given to
hood | ocations, ductwork and danper performance, filter housings
particulate filters, gas-phase adsorbers, blowers, and instrunmentation
for testing, monitoring, detection and control

Di scussions also cover installation, testing, maintenance, and
operation of the ventilation and exhaust systens.

Since the major hazard to be renoved is in gas or vapor form
the air-cleaning system as designed, provides a mninmm exhaust gas
residence tine of 0.25 second through the first of two identical
adsor ber banks. The second adsorber bank provides a backup adsorption
capacity in the event of a breakthrough of the first stage. A GB
chal l enge test was actually conducted on one of the filter units in-
stalled in the CAMDS facility. This test successfully confirmed the
efficiency of the systemin renoving GB agent.

Vii
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PREFACE

This handbook was prepared by AAl Corporation, Cockeysville,
Maryl and 21204, as Task No. 52-7US4001M 1E200 of Contract No. DAAA
15-75-C- 6154 for the Chemical Systens Laboratory, Aberdeen Proving
G ound, Maryland 21010. Funding was provided to CSL by the Project
Manager for Chemical Denmilitarization and Installation Restoration
(PM CDIR) under Department of the Arny Project No. 655, “Em ssion
Studies.”

This document, which was written during the period COctober 1977
through March 1978, is readily available to all elenments of the U S
Arny Devel opnent and Readi ness Conmand, other Government agencies
and contractors who have a justifiable requirement for same. Comments
and suggestions on this publication are welcone and should be
addressed to:

Conmander / Di r ect or

Chemical System Laboratory

Aberdeen Proving Gound, Mryland 21010
Attn: DRDAR-CLT-D

The information provided here should be considered as advisory
only. The equipment and techniques described have been successfully
applied in CAMDS prototype operations, but this is not to inply that
they will be equally effective in other similar applications

Trade names and nanmes of conmercial suppliers are nmentioned in
this document as a neans of providing nore specific identification
of the products used. However, such nention is not to be construed
as advertising or as inplying that the U S. Government endorses or
approves of their use.

Permission has been granted by the U S. Departnment of Energy and
Anerican Conference of Governmental Industrial Hygienists to quote
material from their copyrighted publications “Nuclear Air-C eaning
Handbook” and “Industrial Ventilation - A Manual of Recommended
Practice,” respectively.

viii
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1. | NTRODUCTI ON
1.1.  Purpose

This engineering design handbook is specifically addressed to
exhaust ventilation and effluent gas air-cleaning systens for use in
chemical demilitarization operations involving highly toxic chem cal
agents and related nunitions. Its purpose is to provide engineering
design information for determning the basic filter equipment and
accessory instrunentation needed for neeting environmental and
occupational air quality standards.

1.2.  Scope

The scope of this document is limted to chemcal demli-
tarization activities; however, its general approach is also
applicable to other simlar operations such as chem cal |aboratories
and chem cal agent production and processing.

A chemcal deni| ventilation system is concerned with renoving
chem cal agents and reaction by-products in the form of mnute
particul ate, aerosols, vapor, and gaseous natter. Consequently,
this handbook places enmphasis on the adsorbers (or gas filters) as
well as the high-efficiency particulate air (HEPA) filters. The
added presence of a roughing air filter (or prefilter) assists in
prol onging the effectiveness and life of the filter system by
screening out larger extraneous materials.

1.3. Di scussi on

The principles and design of the chenmical dem | air-cleaning
system described in this handbook are parallel in many respects to
those successfully enployed in the nuclear industry. Both appli-
cations involve highly sophisticated designs not readily amenable
to the conventional design practices of standard heating and venti-
lati on systemns.

Extensive experience has already been gained with the air-
cleaning system installed in the present CAMDS* site at Tooele Arny
Depot, Utah. This facility, however, is a prototype plant and at
this witing has not yet been placed in full operation. Thus, sone
of the information contained in this handbook nay be revised as nore
operational experience becones avail able.

*Chem cal Agent Minitions Disposal System
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The overriding consideration in the design of a filter system
for chemical dem| usage is the safety of the plant operating personnel,
the surrounding popul ace, and the general environment. To ensure
personnel and environmental safety the filter system nust be designed
to nmeet specified control values or limts in regard to:

Work areas

Stack enission
Anbient air quality
Site perineter

B~ e

Limt values approved for the CAMDS denmi| facility by the Ofice
of the Surgeon General, Departnent of the Arny, in regard to the
above categories are listed in Appendix A (Sinmilar values have
been proposed, but not yet approved, for other dem | applications.)
These linits and control levels represent values that are detectable
by existing instrumentation for the specified chenmical agents (GB,
VX, and nustard); they are not necessarily the mninmm val ues desired.
Lower limts may be established in the future upon the availability
of nmore sensitive instrunents. In actuality, operating and em ssion
limts should be kept as far below these limts as practicable even
though they may not be detectable by present neans.

Much information pertaining to ventilation and air-cleaning systens
already exists in previously issued publications. The practice followed
in this handbook is to reference information of interest which my
be found in readily available standards or textbook and to quote from
pertinent information contained in |less accessible government reports.
Consult section 9 for a conplete list of the references cited in this
handbook.

1-2



Downloaded from http://www.everyspec.com

M L- HDBK- 144

2. REQU REMENTS FOR AIR CLEANI NG FILTRATI ON SYSTEMS
2.1. Positive Pressure Versus Negative Pressure

Filtration systens generally considered for achieving “clean”
air may operate by either of two nmethods - positive pressure or

negative pressure - depending upon whether the air is intended for use
within an enclosure or for release to the atmosphere.

2.1.1. Positive Pressure

Clean-air supply systens are used to protect a sealed en-
closure from outside contamnation. In this type of system the
filters are located in a contamnated area with the blower situated
upstream  This produces a positive pressure in the filter systemwith
respect to the surrounding atnosphere and prevents the infiltration of
contanmnation. Figure 2-1 illustrates a typical positive pressure
system

Typical situations using this type of filtration system for
protection are clean roons, mlitary command posts, communicatio,
centers, nedical facilities, etc. The positive-pressure concept,
however, does not lend itself to chenical denil air-cleaning plant
operations where the desired airflow is in the opposite direction.
For design handbooks dealing further with positive pressure systens,
consult references 1 and 2.*

2.1.2. Negative Pressure

Filtered exhaust systens are used to contain contanination
within an enclosure or hood and prevent its release to the outside.
In this type of system the filters are located in a clean area wth
the blower situated downstream  This produces a negative pressure in
the filter systemwith respect to the surrounding atnosphere and
prevents any unfiltered air in the filter system from penetrating
the surrounding area. An exanple of a typical negative pressure
systemis shown in figure 2-2.

This type of exhaust air cleaning system which is principally
found in chemical |aboratories and chem cal agent/munitions | oading
and manufacturing facilities, is also suitable for chemical denil
operations and is, therefore, the only type subsequently discussed in
t hi s handbook.

*References are listed in section 9.
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2.2.  Atrospheric/ Cccupational  Standards
2.2.1. Standards

Since chemical demlitarization facilities and |aboratories
handling toxic agents gperate under negative pressure with respect to
at mospheric pressure, their ventilation systens nust be operated in
the exhaust mobde. Such systems nust be designed to nmeet the follow ng
stringent atmospheric/occupational exposure limts to insure the safety
of personnel and the environnent:

1. Wrk Area Linits (see table A-1 in Appendix A
2. Stack Emission Limts (see table A-2 in Appendix A)
3. Anbient Air Quality Limts (see table A-3 in Appendix A

These established limts or control levels are not to be considered
allowable in the sense that the designer’s concern is only with equal or
hi gher levels, but rather that operating and emssion limts should be
kept as far below the control levels or limts as practicable.

2.2.2. Regulated and Nonregul ated Areas

Regul ated and nonregul ated areas** are established in a
chem cal demlitarization facility based upon the anticipated operations
to be performed there. The nethod of deternining the exhaust volune
required to provide adequate ventilation in these areas is then
dependent upon whether the area is declared regulated or nonregul ated.

Local exhaust ventilation is utilized to capture and renmove agent
vapors released in regulated areas. Such areas are designed to nmain-
tain a negative pressure with respect to adjacent areas. (See section
4.2.) In addition to determining the |ocal exhaust ventilation rates
and the negative pressure requirenents, the ventilation rate needed to
maintain the desired indoor tenperature nust also be determ ned.

Qperations performed in nonregul ated areas are not expected to
rel ease agent into the work area. Therefore, the ventilation rate for
these areas is determined by the activity being conducted and the
volume of air required to provide the desired indoor tenperature.
Nonregul ated areas are also maintained at negative pressure with
respect to atnospheric pressure.

*Superscript numbers refer to references listed in section 9.
**See glossary (section 10) for definitions.
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Al openings into regulated areas through which personnel enter
or exit must be provided with airlocks to prevent the outward flow of
contaminated air. Specific design guidelines for airlocks are pro-
vided in section 4.2.3. The airlocks should be ventilated at a rate
whi ch ensures that mgration does not occur from the regulated areas.
This nmeans that sufficient air should be passed through the airlocks
to provide adequate scavenging of any contami nants that mght have
entered. The airflow should always be from the nonregul ated (clean)
area to the regulated (potentially contaninated) area.

2.2.3. Laboratories

Al laboratory chemcal-fume hoods in which agents are
used should be ventilated at a minimumrate of 150 cubic feet per
mnute (cfm per square foot of open hood area (which is equivalent
to a minimm of 150 feet per minute (fpn inward velocity when
measured at the open hood face). Crossdrafts can be avoided by
proper placenent of inlet openings. The laboratory nust be naintained
at a negative pressure.

2.3. Unique Negative Pressure Systens

Wi | e extensive use has been made of negative pressure systens
in, for exanple, nuclear applications and chem cal |aboratories, nost
applications involving chem cal agent contam nation have enployed either
chemi cal treatment (e.g., scrubbers) or conventional filtration equip-
ment (e.g., CBR filters). Recent demlitarization operations at CAMDS,
however, have enployed, to a limted extent, the nmore efficient equip-
ment used in nuclear applications.

CAMDS, an ongoing major program of the Ofice of Project Manager,
Chenical Denilitarization and Installation Restoration (PMCDIR), is a
prototype deni|l system for all Iethal chem cal agents/munitions (except
Wt Eye) now in the US inventory. To carry out its mssion, PMCDIR
funded the U.S. Arny Chenmical Systens Laboratory (CSL) to determ ne
the best ventilation and filter design for dem | operations. This
effort resulted in the exhaust-air containment and cleaning system
now installed at the CAMDS facility. This system has been success-
fully tested on site against agent GB and is judged to be a signifi-
cant inprovement over conventional chemcal-treatnent and CBR-type
filter units for handling and filtering ventilation air from chemi cal
dem | operations. Its principal features are:
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1. Use of netal frames and housings for containing the
mechanical filters and adsorbers

2. Redundant installation of adsorbers in series, with a
detector between the adsorber banks to warn of agent
“breakt hrough” through the first bank. A second bank in

reserve helps to assure that no chemical agent escapes
to the environnent.

3. Limted parallel redundancy between filter systens for
contaninated areas.

4., Mechanical and electrical provisions throughout which
facilitate maintenance and provide necessary checks on
proper installation and in-service performance

5 Maximum utilization of standardized, commercially avail-
abl e conponents.

Anot her disposal system designed by CSL, relying heavily on the
CAVDS experience, is DATS (Drill and Agent Transfer Systenj. It is
discussed in detail in section 8

2.4, Elenents of Exhaust System

The major elenents of the exhaust (negative pressure) air
cl eaning system are:

1. Filter housing

2. Internal conponents:

Prefilter
HEPA filter
Adsor ber

Bl ower

3. External conponents:

Duct wor k

Danpers

Exhaust stack

Local exhaust hoods

Controls and instrunentation

All of these elenents are necessary in each system and are dis-
cussed in general terms in section 3.
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3. BASIC DESIGN CONSI DERATI ONS FOR EXHAUST SYSTEM

The design of an exhaust ventilation system nust include pro-
visions to localize and remove virtually all agent from the airstream
prior to exhausting to the outside environment. |[ncluded in the
sections that follow is a general discussion of the basic design con-
siderations essential to an exhaust system for use in chemical agent
dem | operations.

3.1. Agent Vapor Renpval Methods
3.1.1. Methods Available

Most agent vapors can effectively be remved from the
process exhaust air stream by one or nore of the followi ng nethods:

1. Physical adsorption on a spongelike surface of attracting
material, such as activated carbon, alumna, or ion-
exchange resin.

2. Absorption by intimate scrubbing with a stable solvent.

3. Chenmical reaction, as wth sodium hydroxide, in a
packed gas scrubber.

4. Conbustion into harnless basic oxides by incineration.

This handbook assumes that the necessary engineering evaluation and
sel ection process has been conpleted and that the designer has justified
the use of a conbination adsorption (for agent vapors) and nechani cal
(for particulate matter) air cleaning system as subsequently described.

3.1.2. Adsorption

Adsorption is a process whereby nolecules of a fluid
contact and adhere to the microcrystalline pore structure of a solid
phase material known as an adsorbent. Gases, liquids, or solids can be
selectively captured and renoved from a fluid stream with adsorbents.

The basic adsorbent materials are silica, alumna, and carbon.
In air-pollution control applications, the nobst conmon adsorbent is
coconut - base carbon manufactured by controlled deconposition under a
steam at nosphere.  Carbon manufactured by this process is comonly
called activated carbon.* Activated carbon is usually preferred to
other absorbents in pollution control work.

*Activated carbon can also be produced from other base materials such
as wood and coal .
3-1
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In the design of a pollution control system utilizing activated
carbon, consideration must be given to the cleanliness and tenperature
of the contaminated gas, physical parameters of the activated carbon,
regeneration means, where applicable, and recovery or disposal of
wastes from the system

An adsorption system can be conbined with a separate nechani cal
filtering system (for physically renoving particul ate and aerosol
matter) to provide a filtration system capable of renoving all types
of contam nated material.

3.2. Criteria for Determining Ventilation Rates

The ventilation system for a dem| enclosure nmust provide
adequate airflow to capture and exhaust agent vapors from contamn nated
work areas, provide adequate tenperature control in uncontaninated work
areas, provide adequate airflow between designated contanminated and
uncontani nated areas, and maintain the enclosures at a specified
negative pressure.

The first element to be deternined is the type of operation to
be performed in the enclosure. |If the operation is such that agent
release to the work area is highly probable, the ventilation system
must have sufficient capacity to capture agent vapors at the point of
generation and transport them to the air-cleaning equipment. The
following general rules should be followed in designing hoods for toxic
mat eri al s:

1. Use enclosing hoods whenever feasible, otherw se,
pl ace freestanding hoods as close as possible to
t he agent source.

2. Avoid crossdrafts that nay spread contanination.

3. Furnish and distribute makeup air to ensure sweeping
of agent vapors toward exhaust points and precluding
or mnimzing stagnant area.

4. Construct contam nated area away from outside walls
to avoid wind pressure directly on walls of the
toxi ¢ encl osure.

It is only after the hood design has been selected that exhaust
vol ume requirements can be determ ned. (Refer to Chapter 4 of
reference 4.) Detailed information on hood design is provided in
section 4.2.1. Wth enclosures, volumes are calculated from the known
open area of the hood and an indraft velocity of at |east 150 fpm
which should be sufficient to prevent outward escapement. Wen free-
standi ng hoods are used, they nust be designed such that a capture
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velocity of 150 fpmis maintained in the area of generation to ensure
conveying the contaminant to the hood opening.

In enclosures where the operation is not expected to rel ease
agent vapors, the ventilation system nust be designed to provide heat
control. Methods for calculating these flow rates are contained in
references 5 and 6.

\When an opening between contaninated and uncontaninated areas exists,
an influent velocity of at least 150 fpm through this opening is
necessary. In nost instances, the volune of air required for heat
control or local exhaust ventilation will be sufficient to neet this
criteria. When designing airlocks, however, the supply of makeup air
may have to be significantly increased. (See section 4.2.3 for a
di scussion of airlock design.)

As previously indicated, one function of the ventilation systemis
to maintain the enclosures, ductwork, and air-cleaning system housings
at negative pressure to prevent contanminated air escaping from the
system by any path other than through the filter system The degree
of negative pressure required is a function of several factors: (1)

i ntended use of enclosure, (2) physical formand toxicity of chemcal
agent involved, (3) location within the facility, (4) surrounding
environment, and (5) explosive nature of nmunition.

When determining negative pressure, consideration of the external
pressure exerted on the building by w nds nmust be included, unless the
toxic enclosure is housed within a protective outer enclosure. If
there is no outer enclosure, allowance should be made for effects due
to. (1) average wind velocity, (2) prevailing wind direction, (3)
seasonal and daily variations in velocity and direction, and (4) |ocal
wind interference by nearby buildings, hills, or ot hersobstructions
of simlar nature as they relate to the building site. Knowi ng the
typical wind environment in which the facility will operate, a negative
pressure value can be deternmined for preventing outleakage from the
bui | di ng. This value, in addition to those determi ned by previously
mentioned factors, must also be used in establishing the negative
pressure requirements for the enclosures. |n actuality, wind will be
a factor only if a wall of the contaminated area is integral with the
exposed wal | of the building.

Doors and openings in negative pressure facilities nay require
speci al opening mechanisms, i.e. , hydraulic or pneumatic, to overcome
the external pressure. Louvers or danpers may have to be specified,
based on the known airflow and negative pressure requirenents, to pro-
vide makeup air and to control the direction of airflow within the
contaninated area.
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Contami nant control by air dilution is not acceptable for
dem litarization operations because of the extreme toxicity of the
chenmical agents involved and the inadequacy of predicting the generation
rate of the agent. Designs based on nunber of air changes per hour
(dilution ventilation) or other rule-of-thunb nethods are inadequate since
they generally result in unsuccessful operation or in excessive and un-
necessarily high cost of installation and operation.

3.3. Filter Capacity

In designing a filter system the capacity and efficiency required
are based upon the maxi mum chall enge concentration anticipated and the
length of time this challenge may exist before corrective action can
be taken. To determine the worst-case (accidental) challenge condition,
the designer nust review all operations, devise a series of accident
scenarios, and calculate the resulting challenge to the filter for
each case. Although a determination of this nature is sonewhat subjec-
tive, the calculations nust reflect the worst conditions of airflow,
spill size, and tenperature to assure that, in fact, a worst-case
situation is derived. This estimate can be refined later as nore data
becomes avail abl e. (The result of such a study for CAMDS is covered
in section 4.1.1.3.2.).

Once the worst-case challenge is determned, the reduction ratio
(and, hence, capacity) required by the filter housing may be conputed
fromthe fornula,

Co = .
Co = Ry,

1
wher e

C, = concentration out (maxinum allowable stack em ssion)
C, = concentration in (worst-case challenge)

R

in = mininum agent reduction ratio required by filter system

The mi ni mum capacity required (in nmg-nin/m) is obtained by

multiplying the worst-case challenge by the time required for cleanup
to be significantly effective.
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3.4, Safety

The overriding consideration in the design of a contamination con-
tainment and filtered exhaust systemis to guarantee the safety of plant
operating personnel, the surrounding popul ace, and the general environ-
ment. To neet this requirement, several safeguards nust be incorporated
into the basic ventilation package.

The design of a system neeting denil requirements is not a difficult
task if one assunes that the system will always operate properly. Diffi-
culty arises, however, in designing a system that continues to fulfill its
basic requirenents even if a nmalfunction or failure occurs. Since a mal-
function or failure of any conmponent of the system could result in contam
ination of the environment and injury or death to personnel, the design of
the total system nust provide backup or redundant features to continue
containment in the event of the loss of a primary system  Two design tech-
ni ques for incorporating redundancy into the basic filter design are series
redundancy and parallel redundancy.

O der filter systems usually contained only one bank of sufficient
capacity of each filter and adsorber in series together with a chem cal
agent rmonitor/alarm |ocated downstream Wen the nonitor indicated a
breakt hrough some contamination, up to the level of the nonitor’'s alarm
sensitivity, had already |eaked into the atnosphere. This concept, how
ever, S now unacceptable in view of the current stringent em ssion
st andar ds. One approach to the problemis the use of a series-redundant
system containing two banks of the critical filtration conponents (i.e.,
the adsorber) in series with an agent nonitor between the banks, as illus-
trated in figure 3-1.

Wth this type of redundant system no contam nation should ever reach
the atnosphere. Wen breakthrough of the first adsorber bank occurs and

the agent nonitor activates, the second adsorber bank still provides com
plete protection until operations can be shut down and a new first bank
install ed. In theory, each of the two adsorber banks should be sized to

provide the full adsorptive capacity required for the worst case expected.
Thus, if the first bank is penetrated, a second bank providing conplete
protection would be already on line. However, in view of cost, space,
and/or power limtations, it may not always be practical to have each
adsorber bank provide 100% protection. (See section 4.209.)

Bot h adsorber banks of a series redundant system should be the sane
size and should, between them provide the total adsorption capacity of
the system In case of a breakthrough by the first bank, as announced by
the nmonitor, sufficient adsorption capacity remains in this bank to reduce
the agent challenge concentration to the second bank until the operation
can be shut down, As a consequence, the second bank suffers n%ni mum agent
intrusion and its life (and, hence, protection) is prolonged. - Another safety
feature to be incorporated into the filtering systemis parallel redundancy.
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This involves a conpletely separate (secondary) system through which air-
flow can be diverted if a malfunction or failure occurs in the primary
filter system (see figure 3-2). The two independent systens of a parallel-
redundant filtration system contain series-redundant filters and adsorbers
together with a danpering mechani sm capable of sw tching between the two
systems. As an added safety feature, each system nust be connected to a
different power source.

Paral l el redundancy is required in many nuclear applications. For
chem cal dem | use, however, total parallel redundancy may not be practical
or necessary in view of cost, space, and power considerations. At the very
| east, however, a partial parallel backup is recomrended. Its purpose is
to provide sufficient airflow capacity to safely shut down all operations
in the event of an emergency (i.e., to prevent contamnation from entering
clean areas or the atnosphere), rather than to provide sufficient capacity
for continued operation. (See Section 4.2.9 for parallel concept used at
CAMDS. )

Paral | el redundancy at CAMDS is reflected by the requirenent that at
| east two independent sources of power be available for all critical oper-
ating conponents. If the primary source is comercial, an on-site genera-

tor is required in the event that this source is lost. [If, on the other
hand, the primary power source is a generator - rather than commercial -
a second generator is required. In the ideal situation, the backup

power source should offer the same power output as the primary source.
However, in a practical sense, the backup generator nmay be significantly
smaller than the primary one. The purpose of the latter backup systemis
to provide sufficient power to key areas to enable the facility to be shut
down without releasing contanination.

Belt-driven blowers are required to be equipped with a mninum of
two belts (three belts mnimm on large capacity units), so that if one
belt breaks the other takes over and the blower continues operating.

In addition to redundancy, there are other safety features which can
be incorporated into the ventilation systemdesign criteria. For instance,
in the event of a conplete loss of airflow, it is essential that the
highly contanminated areas be sealed airtight. This can be acconplished by
the use of fail-safe (closed) pneunatically or electrically operated
danpers. The danpers may be programed to close when a power |o0ss occurs
or when there is no airflow through the filter. Leaktight ducts are also
necessary to prevent contamnation from migrating from the ductwork in
case of airflow loss or when differential static pressure between the con-
tam nated area and the outside enclosure drops below a predeterm ned val ue.

properly designed instrunentation and agent nonitoring systens are
highly inmportant in order to convey to control personnel infornation as
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Figure 3-1. Schematic O Series Redundant System
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Figure 3-2. Schematic O Parallel Redundant System
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to when and where a malfunction occurs so that immediate corrective
action may be taken. If the possibility of an explosion exists in any
of the denil operations, special design considerations nust be nade.
There nust be assurance that no shock waves can penetrate the filter
housing. This can be provided for by installing (1) a snubbing system

(2) a blast gate, or (3) a capability for closing off the exhaust ductwork
from potentially dangerous operations.

Noi se control is another requirement. In general, the ventilation
systemis to be designed in conpliance with OSHA requirenments for noise
control. Since DA regulations governing acceptable sound (noise) |evels

are nore restrictive than those of OSHA, the forner shall apply. Thi's
means that the steady-state noise |level of the system shall not exceed
85 db on Scale A of a standard sound-level nmeter.

See also section 5.4 for energency considerations.

3.5, Qperation and Description of Key Components

3.5. 1. Gener al

The key conponents of the basic Ventilation package consists
of air cleaning units, heating and ventilation units, and associated duct-
work, danpers, hoods, controls and instrunentation. The ventilation sys-
tem shoul d be designed in accordance with the reconmended practices given
in references 4 and 7 and as stated in the system specifications,

The design objectives of the basic ventilation package are as '
foll ows:

1. Ensure total containnment of all airborne contam nation

within all toxic enclosures by maintaining appropriate
differential pressures and airflow between enclosures.

2. Localize contamnation at the source for the protection
of personnel by utilizing totally enclosed hoods, or if
this is not physically possible, by utilizing capture
hoods and differential pressures.

3. Renpve agent from contaninated exhaust air prior to re-
| ease to the atnmosphere by exhausting air at a prede-
termned airflow rate and passing the air through a series
of filters and adsorbers, scrubbers, or furnaces, or a
conbi nati on thereof.

4, Ensure exhaust air meets stack em ssion requirenents.

5. Ensure ventilation system provides work area in which
at mospheric concentration of agents does not exceed
maxi mum al | owabl e concentrations.
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3.5.2 QOperation

In the operation of the ventilation system all airflow
must be from uncontanminated areas to contaminated or potentially con-
tam nated areas, or from |ess-contaninated to nore-contaninated areas. The
air is drawn from contam nated enclosures at specified flow rates and
velocities to ensure adequate agent capture and control as well as nega-
tive pressure within the enclosure. Differential pressures between con-
tam nated encl osures and ambient areas are determned by the specific
design constraints of the system

In its flow through the ventilation system the air is pulled into
an airtight filter housing. The housing contains the required banks of
air cleaning components, a blower, and provision for attaching an exhaust
stack. After entering the filter housing and passing through its various
stages, the decontamnated air flows out the exhaust stack to the atnpbsphere.
At this point the fornerly contamnated air should be sufficiently clean
to neet stack emssion linits.

3.5 3. Description of Ventilation System
3.5 3 1 Housing

The filter housing provides a conplete airtight enclo-
sure fromthe air inlet to the air outlet connection (stack) or at |east
to the blower. Al necessary framng and structural supports for the
filters and adsorbers are furnished as an integral part of the housing.
The filter housing is generally constructed of carbon steel coated on all
surfaces with a corrosion-resistant paint; stainless steel has also been
used in small enclosures exposed to severe corrosion. The filter and
adsorber mounting franes (where the potential for scratching of the mount-
ing surface is mnimal) are made from coated carbon steel, uncoated stain-
| ess steel (which affords better corrosion protection than carbon steel
but is still subject to attack by certain chemcals), or, for nmaxi num pro-
tection, coated stainless steel. Because of its snooth finish, epoxy-
base paint mnimzes potential agent penetration and, therefore, provides
very satisfactory corrosion protection against nost acidic or alkaline-
type chemical attack.

To ensure that the housing is capable of neeting structural require-
ments, it nust wthstand w thout permanent deformation the pressure/vacuum
tests and pressure-decay |eaktest requirenents stated in section 4.1. 2. 1.

In general, the housing configuration is dictated by the flow capacity
of the filter system as well as the neans for incorporating the adsorber
media. For the purpose of this handbook, it is assumed that all filters
are in the formof nodular cells. For adsorbers, there are two available
configurations, (1) a nodular cell configuration, and (2) a fixed single
unit rechargeable in place. These are described in section 4.1.3.3.
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The standard Arnmy CBR adsorber cell is of woodframe construction
nailed and glued into a wooden housing. It does not lend itself, however,

to the sane level of efficiency as the types of adsorber systems discussed
in this handbook.

3.5.3.2. Particulate Filters and Adsorber Cells

The filter housing can contain up to three different
types of cells, referred to as prefilters, HEPA filters, and adsorbers.

1. Prefilters are lowefficiency fibrous filters for
removi ng heavy concentrations of coarse particulate
matter fromthe air stream They are installed up-
stream of the HEPA filter.

2. HEPA (high efficiency particulate air) filters are ex-
trenely high efficiency, extended media fibrous filters
for removing fine particulate natter and aerosols from
the air stream

3. Adsorbers are beds of granular naterial, usually activated
carbon, which remove agent vapors by a chem cal and/or
physi cal adsorption process; they are not nechanical filters
and their use applies to vapors and gases only.

Detailed descriptions of these elenments are given in section 4.1.3.
3.5.3.3. Arrangenent

The actual type and number of banks of cells required
depends on several factors: (1) chemical conposition and nature (i.e.,
particulate, gas ) of the contamnant, (2) initial concentration, and
(3) maxinum concentration allowed in the exhaust air fromthe stack. For ex-
anple, a building in a chemcal dem | facility requires both particulate
and vapor filtration. Therefore, its filter systemwll contain pre-
filters, HEPA filters, and adsorbers. A clean-room facility requires only
particulate filtration and thus needs only prefilters and HEPA filters,
no adsorbers. The offgas filter system for a chemi cal agent decontani na-
tion tank filters agent vapors escaping from the nunition through the
decontani nation solution; therefore, it requires only adsorbers.

Detailed specifications relating to filter/adsorber types and
arrangements nust be stringent. This is because the HEPA filters and
adsorbers, the critical conponents of the filtration system constitute
the final barrier (or containnment) between the contam nated area and the
out si de environment.
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3.5.3. 4. [ nstrunent ati on

Instrunentation is required to nonitor and contro
the airflow through the filter system The instrunentation nust provide
a means to nonitor overall pressure drop as well as the pressure drop be-
tween the respective filter banks. The instrumentation must also provide
the control signals required to maintain flow through the filter system at
specified levels as a function of pressure drop.

In general, the increase in resistance as dust and particulate matter
are trapped by the prefilters and HEPA filters is the largest variable
pressure drop that must be accommpdated by the system  This change in
pressure (AP) is nonitored with differential pressure gages. The readings
thus obtained are used as a basis for changeout of these filters. (See sec-

tion 6.4 for discussion on changeout criteria. )

Pressure buildup in adsorbers is prevented by catching all airborne
particulate (the only conponent of the airstreamcausing AP)in the
mechanical filters. Therefore, differential pressure gages are not re-
quired to monitor pressure drop across adsorber banks. Such instrumen-
tation may be installed, if desired, for information purposes (but are not
used as a basis for changeout). Changeout of adsorbers is based on break-
through by chenical agents,as indicated by agent detectors (described in
section 5.2).

3.5.3.5. Bl ower and Fl ow Control

The bl ower located at the downstream end of the filter
housing provides the driving force for air novenment. It consists of a
motor, fan, drive, and nounting frame. The blower size is based on the
flow rate and total static pressure requirements for the system Factors
such as altitude and tenperature affect the flow rate cal culation. The
fact that the total static pressure of the systemis not constant but in-
creases with dust loading of the prefilters and HEPA filters is the ngjor
variable that nust be considered

Wien sizing the blower, first determine the flow rate requirenents
(adjusted for altitude and tenperature), then calculate the anticipated
static pressure that the blower will be required to overcome with clean
filter cells installed. The static pressure requirement is then increased
to allow for the increase in pressure drop as the prefilters and HEPA
filters becone clogged with dust. The “dirty filter” AP may be severa
times the “clean filter” AP. An additional pressure factor is added to
conpensate for uncontrolled air infiltration, pressure surges, and w nd
effects and to allow for possible future nodifications of the ventilation
system It is possible to dampen an oversized blower, but if the blower
is undersized, it cannot performits design function and may have to be
repl aced. Setting the blower capacity at a |level higher than that re-
quired for the initial application offers a degree of flexibility in pro-
viding for increased ventilation capacity for future applications. In
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addition to flow rate and static pressure, other factors that nust be
considered in selecting a blower are given in section 4.1.2.11 and sec-
tion 10 of reference 4.

Vibrations caused by the blower unit should be nininized by the use
of vibration isolators and flexible connections wherever possible. Severe
vibration can cause the carbon granules in the adsorbent to break up or
powder and thus reduce the effectiveness of the adsorber cells.

Before the blower specification is finalized, the designer nust de-
termne the voltage and frequency of the power source and the voltage/
frequency tolerance of the notors. Mdtors designed for one type of volt-
age rating; e.g., 3-phase 200-volt power is not interchangeable wth
3-phase 230-volt power.

A flowcontrol systemis required in conjunction with the bl ower.
This includes a straightening section in the exhaust stack above the
bl ower in which accurate airflow readings can be nade. In CAMDS a gage
with a specially calibrated scale reads velocity pressure in cfm The
flow control unit also provides a signal to the blower danper to enable
the airflow of the systemto remain constant despite variation in the
total drop of the system

3.6. External Conponents

External components of the filter system include ductwork, danpers,
stacks, instruments and other items of the system concerned with the nove-
ment, control, conveying, and nonitoring of airflow.

3.6.1. Duct wor k

The ductwork is a part of the overall filtration system It
nust neet stringent pressure and |eaktightness requirenents. \Were poten-
tially toxic exhaust is being transported, standard sheet metal ductwork is
unacceptable. Al-welded, round duct with flanged connections is recom
nmended; for small diameter applications, flanged pipe may be preferred.

The incorporation of sanpling and test ports in the initial ductwork
design is essential, otherwise holes may be indiscrimnately nade when
testing is required. Sanpling ports are required for the insertion of
instruments to obtain flow nmeasurements during air balancing of the sys-
tem Wien not in use for air balancing, the sanpling ports can be used
as access for instrumentation to nonitor the upstream agent challenge con-
centration to the filter system The ductwork is sized and |ayed out to
mnimze the pressure loss and to ensure that sufficient transport velocity
is maintained in the duct to prevent settling out of contam nants in the
air stream (See section 4.2.2 for ductwork design.)
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3.6.2. Danpers

Danpers are the valves of the air cleaning and ventilation
system and are classified in ternms of function/configuration, construc-
tion, and |eaktightness. Cear, concise specifications nust be established
for, (1) nechanical strength, (2) |eakage rate at maxi num operating con-
ditions, and (3) ability to perform under required operational and
energency conditions. Al danpers are flange nounted with a gasket be-
tween the mating surfaces. Further information on dampers is covered in
sections 4.2.5 and 5. 3.

3.6.3. Exhaust St acks

The design, type, and location of exhaust stacks are im
portant to good dispersion of exhaust air to the atnosphere. Proper
di scharge design (e.g., stack height and location) nust be followed to
ensure that the exhaust air (potentially at a |ow level of contanination
even if below nininum environnental requirenments) does not re-enter ad-
jacent buildings or work areas. |n cases where it may be inpractical or
infeasible to construct a stack higher than an adjacent structure, it is
recomrended that cognizant air-pollution control authorities (federal,
state, and/or local) be consulted for acceptable solutions to this, as
wel | as other, types of problems. Under certain conditions, it may be
beneficial to conmbine the filter system exhaust with another exhaust sys-
tem and use a comon stack. Again, as with ductwork, sampling ports nust
be incorporated into the exhaust stack. Their recommended | ocations,
functions, and other factors are discussed further in section 4.1.2. 13.

3.6. 4. G her Itens

QO her external conponents required at the area being venti-
lated include heaters and alarm instrunentation (to indicate an upset
in normal system operation). These items are discussed in nore detail
in section 4.2,

3.7. Extreme Environnental Conditions

Special or unusual environmental conditions may present problens
to either the filter system or operating personnel. Several conditions
whi ch rmust be considered during the design phase to preclude costly
changes after the equipment is installed or contracted for are:

1. The type of environnment in which the filter system will
operate. Specific design features and requirements nmay

vary depending on the climte, such as cold/wet, hot/wet,
cold/dry, or hot/dry, and altitude.

2. Aging and weathering of conponents. Materials of con-
structions should be selected or treated to resist the
corrosion and degradation that could result in |oss of
per formance when exposed to specific environnental conditions.
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3. Tenperature and humdity. Gages and other instrunentation
and equi pment should be designed or selected to withstand
the tenperature extremes anticipated at the specific site.
Tenperature and humdity, unless extreme, do not normally
appreci ably degrade particulate filters. Prolonged ex-
posure can degrade the adsorbent with respect to certain
chemi cal agents prinmarily renmoved by chemnisorption (i.e.,
by inpregnated absorbents). Physically adsorbed agents
(e.g., those renoved by activated carbon) are affected to
a lesser extent.

4. Unusual circunstances or occurrences in the operating area
For exanple, painting or cleaning which may release sol-
vents that could “poison” the activated carbon of the
adsorbers, decreasing its life or capacity.

I ntake openings for outside air should be equipped with Iouvers
grills, screens, roughing filters, or simlar protective devices to
mninmze the effects of high winds, rain, snow, ice, trash, and other
undesirable items that could be detrimental to the operation of the
filter system
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4, DETAILED DESI GN CONSI DERATI ONS

The equiprment of a chenmical-demlitarization air-cleaning
system may be divided into two basic functions - filtration and
ventilation. Filtration equipnment includes, but is not limted to,
the structure for housing the air-filtration conponents (particulate
and gas adsorber types) and the blower unit. On the other hand,
ventilation equipnment includes, but is not limted to, the ductwork,
danpers, hoods, and ventilation enclosures. This section discusses
these two basic functions and provides information to be considered
in their detailed designs.

4.1, Filtration System
4.1.1. Configuration

4,1.1.1. Basic Housings

There are two basic configurations considered for
housing the filtration system (1) housing with external blower unit,
and (2) housing with internal blower unit. Both types are illustrated
infigure 4-1.

4,1.1.1.1. Housing with External Blower Unit

In this configuration the blower unit is
| ocated outside, downstream of the housing structure. It is connected
to the housing by a tapered transition piece and short section of
ductwork. The major advantages of this configuration are: (1) it
reduces the housing size, and (2) it increases accessibility to the
bl ower unit for maintenance and repair.

Transitions of such housings nust be contoured to match the
airflow in order to avoid cavitation and inefficient fan operation, and

to ensure proper airflow distribution through the filters and adsorbers
within the housing.

4.1.1.1.2. Housing with Internal Blower Unit

Here the blower unit is enclosed entirely
inside the housing directly downstream of the filter/adsorber sections.
The main advantage to this configuration is that the blower unit is
protected from the weather. On the other hand, it offers a disadvantage
in that fan entry pressure loss is greater than for a housing with a
properly designed transition piece.

In selecting the basic housing design for CAMDS, the advantage
offered by the internal-blower configuration superseded those of the
external - bl ower concept because all the CAMDS filter units were to
be | ocated outdoors. Therefore, it was decided to house all blowers
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conpletely indoors. The orientation of the fan inlet, however,
depends upon the type of housing involved. In one type of housing,*
the inlet end of the blower faces forward toward the filter/adsorber
banks (see figure 4-2). This enables the drive belts nounted on the
bl ower to be nore easily observed through the inspection hatch on the
rear of the housing. (See figures 4-3, 4-4, and 4-5.)

In another type of housing,** where there is already sufficient
access to the blower, the fan inlet is reversed to face rearward
(see figure 4-6a). The distance between the inlet and rear wall should
be at least one bl ade-wheel dianeter (i.e., tip-to-tip blade length of
fan) . This arrangement produces a baffling effect, which results in
more uniformairflow fromthe final filter bank to the blower, thereby
increasing fan efficiency. This configuration is particularly beneficial
to the larger capacity systens. If the fan inlet faced forward, this
woul d cause channeling of the air through the final filter bank
shortening its life and also causing very inefficient fan operation.

(See figure 4-6b).
4.1.1.2. Filter Housings
Based on the changeout method enployed and the

type of adsorber cell used, filter housings may be divided into three
basic types:

1. Type | - Bag-ln Bag-Qut, or Bag-Qut only.
2. Type Il - Walk-In, Miltiple Adsorbers
3. Type Il - Walk-1n, Single Stationary Adsorber

A discussion of each type foll ows.

4.1.1.2.1. Type | Design (Bag-ln Bag-Qut or Bag-
Qut Only), Figures 4-7 through 4-11.

The type | housing, through the use of
plastic bagging materials, permts filters and adsorber cells to be
installed in or renoved from contam nated enclosures wthout exposing
the contami nation to the atnmosphere. (See section 6.4.) The maj or
advantage of this configuration is that operating personnel, when
changing filters or adsorber cells, do not have to work in a con-
tam nated atnosphere nor wear as much protective clothing.

*This is the type | housing described in section 4.1.1.2.1.
**This is the type Il housing described in section 4.1.1.2.2.
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Figure 4-2. Blower Arrangenent In Type | Housing.
Fan Faces Forward Toward Filter Cell
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Two di sadvantages with the type | design, however, concern
(1) the rate at which the cells are changed out, and (2) the space
requirenents. Since cell changeout takes place by reaching into
the housing through a plastic bag, this tends to slow down the
procedure and consunme nore time than with the other designs. It
is essential that each cell be accessible to the outside so that
changeout personnel can easily reach in and pull it out. This neans
that the cells nust be consecutively arranged facing outward along the
length of the housing rather than in parallel rows (or banks) as in the
wal k-in units, thereby significantly increasing the size of the housing

For CAMDS the type | concept was particularly appealing because it
elimnates the need for personnel to enter contaninated or potentially
contam nated areas. However, in view of space limtations, it was
deternmned that a 2,000-cfm flow rate was the maximum filter size that
the type | design could effectively accombdate

4,1.1.2.2. Type 11 Design (Walk-1n Housing, Miltiple
Absorbers), Figures 4-12 and 4-13.

The type 11 design, as its name inplies,
requires that protected personnel walk inside the filter housing to
change the various cells. The chief advantage of this configuration
is that it is nore conpact and econonical at the higher capacities in that
it permts a large nunmber of cells to be efficiently installed in
parallel and thus occupy significantly |ess space than with the type |
desi gn. Its major disadvantage is that personnel nust wear protective
clothing and nust enter a contamnated or potentially contam nated area
to perform changeout operations

4.1.1.2.3. Type |1l Design (Walk-In Housing, Single
Stationary Adsorber), Figure 4-14.

The difference between the type Il and type
I'1l adsorber designs is that the fornmer involves installation/renmoval of
the entire adsorber tray (including metal parts, gasket, and adsorbent)
while the latter involves installation/remval of the adsorbent only
since the tray is fixed in place. The fabrication cost of a type Il
unit is less than for a conparable (i.e., in terms of capacity and bed
depth) type IIl unit, although, as the number of trays in the type |
unit increases, the difference in assenbled cost decreases

The major advantage of the type Il housing over the type Il
design is that personnel do not have to enter the contaminated interior
of the type Ill unit to change the adsorbent since this can be done
remotely. A secondary factor to consider in conparing the two housing
designs is the cost of adsorbent replacement. The nore frequently
the adsorbent is replaced the nore advantageous the type Ill configuration
becomes, as it is cheaper to replace adsorbent only rather than a
conpl ete assenbly of relatively expensive netal parts. From the |abor
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st andpoi nt, enptying and filling permanently installed beds is
considerably nore economical and easier than struggling with 80-to
100- pound adsorber trays.

There are, however, several potential disadvantages to the type
11 design, nanely:

1. This is a new concept that has been used for only
a short period of tinme. It has never been tested or used in
demlitarization work and thus may require extensive testing before
being approved for use in this application.

2. Difficulty may arise in renoving the adsorbent if a
significant quantity of noisture has been adsorbed.

3. There are no applicable standards currently available
for witing a specification. However, an ASME committee is preparing a
standard establishing requirenents for the stationary adsorber for
publication at a later date.

4.1.1.2.4. CAMDS Filter Systens

At CAMDS there is a total of 13 filter
systens, 12 at the CAMDS site and one at the chenical |aboratory
(which is located outside of the actual CAMDS conpound). Inportant
characteristics of these filter systems are shown in table IV-1.
Their locations (except for the laboratory) are shown in figure 4-15.

4.1.1.3. Internal Configuration
4.1.1.3.1. Arrangenent

If both filters and adsorbers are enpl oyed,
one stage of particulate filter (or filters) must be positioned upstream
of the first adsorber bank, These filters renove dust and particul ate
matter from the airstream while the adsorber captures agent vapors
generated in the facility or desorbed from the particulate matter
collected on the filters. The reverse arrangenent, i.e., adsorbers
upstream of particulate filter, would not afford the sanme protection
since the adsorber only stops vapors and not aerosols; the aerosols
woul d pass through the adsorber and be stopped by the particulate filter
where they could conceivably produce toxic vapors capable of escaping to
the environnent. In addition, the adsorbers would tend to plug up with
dust .

Series-redundancy is an arrangement criterion whereby two filters
of each type (i.e., particulate and ‘gas) are required. Since, for
most dem | applications, both a particulate aerosol and vapor capability
are mandatory, the arrangenent for such filter systems is: (1) particulate
filter (including prefilter), (2) adsorber, (3) adsorber, and (4)
particulate filter. This arrangement is used for all CAMDS filter

Syst ens.
y 4-18
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4.1.1.3.2. Sizing

Using a modul ar concept, the filter
system coul d conceivably be any size desired. However, there are
certain limtations which apply to the individual nodules. Cenerally,
the size limt is based on space availability and the ability to
(1) test the filters and adsorbers, (2) provide uniformairflow, and
(3) manage system upsets. Because of the requirenent for external

access to every cell, the type | housing requires more space per cfm
than the other two designs. The maxi num capacity reconmended for a
type LI or IIl structure, to keep it from becomng too huge, is 30,000

cim.7 If, on the other hand, transportability is a design consideration,
the dinensions of the unit nust be such that it can be handled by truck

or rail. This results in a recomended maxi num size of 15,000 cfm
for type Il or type IIl housings.
For the type Il or type Ill units, as previously indicated, the

filter/adsorber banks are arranged to facilitate changeout. Each

bank should be no nore than three units high to permt the top bank

to be within reasonable reach. (Note:  Three adsorber cells occupy
the sane vertical space as one 1,000-cfm HEPA filter.) Recommended
standard housing capacities are 3,000, 6,000, 9,000, 12,000 and

15,000 c¢fm If the desired capacity is not one of these ratings, it
is recormended that the installed capacity be sized up to the next
standard size and that unused cell openings be closed off wth blankoff
plates. Oversizing does not significantly increase the price of the
system since a standard unit is still being used, as opposed to the
price of a custom zed design for a specific, non-standard capacity.
Anot her advantage of the oversized unit is that, by installing a

| arger blower and placing filters/adsorbers in the closed-off sections,
filter-system capacity can be increased |later at mniml cost should
the need arise.

At CAMDS the maxi mum agent challenge expected to be encountered
in any area was initially estimated at 10,000 mg/m3, based on a
saturated solution of GB at 70°F. This indicated the need for a
filter system providing a reduction capability on the order of 108,
that is:

Wth a mininum protection time of 20 minutes (before decontanination),
the mninum capacity of the required filter system (i.e., maximm
chal | enge concentration x time to decon) is:

10,000 mg x 20 min. = 200,000 mg-min.
m3 m
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To neet this requirement, two banks of adsorbers with a
dermonstratabl e reduction ratio of 1.5 x 10-4 each (i.e., 3 x 10-8

reduction divided between the two banks) were procured for each area,
wi th each bank providing an adsorptive capacity of 200,000 ng-mn.
(See section 7 for testing techniques.) 3

Subsequent to the procurement and installation of these filter
systens, and in view of greater experience with the CAMDS operations,
a nore detailed study was conducted of the probable maxi mum agent
challenge.l3 1t was determined that this could result froma major
spill iLn the BIF area and potentially result in an agent concentration
of 300 mg/m3 in the influent air stream of the BIF. This val ue, which
is felt to be nore accurate and realistic than the initial estimte, is
considerably lower and indicates a reduction requirenent on the order
of 106, that is:

Co -3x10°%_ 10-6
T] 3 x 102

The mini mum capacity of the filter system then becones:

300 mg x 20 min. = 6,000 mg-min

m3 m3

The CAMDS site uses three basic configurations - 6,000, 9,000,
and 15,000 cfm Intervening capacities (e.g., 3,000, 4,000, and 8,000
cfm are sized up to the next higher standard ratings (in this case,
6,000 and 9,000 cfm. Table IV-2 itemzes the number of filters and
adsorbers conprising each filter-system capacity at CAMDS. Al though
the same internal configuration applies to all housings with the same
capacity rating, there are nminor differences to acconmpdate the
specific capacity involved. For exanple, the 3,000 4,000, and 6, 000-
cfmsystenms - all utilizing the 6,000 cfm housing - each has different
size inlet openings, blowers, and exhaust stacks.
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second HEPA filter

first HEPA filter banks.

are normally the nost frequently changed elements in the filter
The cost

pared to the |abor expense for
more cells than are actually needed
be less than the rated flow and the life of the cells wll

t hereby reducing the nunber of changeouts required during the life of

of these cells,

the system

If the airflow through each cel
rated capacity of the cell,
AP of the bank is less and that

that the initial
can be retained before changeout

i ndi cating these |ower values,
frequency of changeout for the second HEPA filter
extra units in these locations

hi gh cost.

be practica
cells also are not

to install
instal |l ed because of their

bank while operating al

cells in the prefilter

Table |V-2. Nunber of Filters and Adsorbers Conprising Each
Type of Filter-System Capacity at CAMDS
| tit
Quagﬁ Y No. 1 Bank No. 2 Bank
Filter |Capacity| Pre- | HEPA HEPA Configuration
Systems (cfm) Filters|Filters|Adsorbers|Adsorbers|Filters
1 333 1 1 1 1 1 Type I
3 2,000 2 2 6 6 2 Type 1
2 3.000 6 [ Q Q 2 Mesrma TT /72L TR
5 o/ Z 7 3 1ype€ 11 (on X Zw)
1 4,000 6 6 12 12 4 Same
2 6,000 6 6 18 18 6 Same
2(a) 8,000 9 9 24 24 8 |Type II (3h x 3w)
2 15,000 15 15 45 45 15 Type II (3h x 5w)
(a) One of these units is used in the chemcal l|aboratory, which is
| ocated outside the actual CAMDS conpound.
Instead of blanking off unneeded cells on all five banks, an
alternate procedure is to blankoff only the two adsorber banks and the

and

The particulate cells in the first two banks

however,
replacing them

t hen

system

is relatively inexpensive when com

the AP

is required.
are shown in table |IV-3.
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Therefore
the flow through each cel
be extended,
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low, it

by using

will

is less than the manufacturer’s
is also reduced. Thi s neans
nore contamni nation
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4.1.1.3.3. Spacing

Al though the actual length of a filter
housing is normally determined by the manufacturer based on his overall
design, the user may want to specify any or all of the follow ng
governi ng di mensions:

1. The m ninum distance between banks in the type Il and
type 111 units to permt sufficient space for changeout. This val ue
should represent the mninum width required by personnel in protective
clothing (Level A) for passage plus the maxi num depth of a typical
modul ar cell (which nust be conmpletely removed fromits nounting frame).

2. Mninum distance to prevent fire propagating from one
bank of cells to another.

3. Maximum overall Iength available where housing is to be
| ocat ed.

At CAMDS the spacing between the prefilter and first HEPA filter
bank is 40 in., 66 in. between the two adsorber banks, and 40 in. from
the second adsorber bank to the second HEPA filter bank. This assunes
maxi num depths of 12 in. for the prefilters and HEPA filters and 30 in.
for the adsorber cell. Since it was decided at CAMDS that ventilation
woul d not continue in case of a fire, none of the special design
features nentioned here for fire protection were included in its design.

Adequate spacing to perform basic naintenance on the blower
assenbly should also be provided. Since this is usually a clean area
in which personnel do not need protective clothing, working space
here is not necessarily critical. The location of the blower from the
final filter bank to obtain proper airflow should be left to the
discretion of the manufacturer. At CAMDS all spacing requirements wth
respect to the blower unit, instead of being specified, were left to
t he manufacturer.

4,1.1.3.4. Location

In determning the location of filter
housings, all airflow and negative pressure requirenents nust be con-
sidered as well as various ways for routing the ductwork. The designer
must keep in mnd when locating filter housings that adequate adjacent
space nust be included for changeout and maintenance. Since the
| argest expense once a system has beconme operational is the |abor
involved in cell changeout, careful attention nust be given to providing
sufficient space for workers in protective clothing to nove about. For
type | units, in addition to access for changeout on the door side,
cl earance should be allowed for personnel to observe through the
inspection ports on the backside (that is, the side away from the doors).
I nspection ports on the backside of the type Il and type |1l housings
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are unnecessary, although some clearance should be provided there
as with the type | units, to enable personnel to attach the housing
to its foundation during installation.

Unless specific safety criteria demand otherwise, it is
recommended that a path at least five-feet wide be provided on the
access side of the housing and at the rear near the blower unit. In
addition, there should be sufficient access for a fork-lift truck to
reach the housing to assist in the changeout operations. At CAMXS a
five-foot clearance path is provided at all filter units. This space
is shown in figure 4-15 surrounding both the rear and access sides of
each housing. Access doors can be installed on either side of the
filter housing depending on which side offers nore space and greater
convenience at the installation site

Space considerations determne the actual |ocation in deml
applications. An indoor location in a ventilated area is generally
preferred because it avoids mst of the disadvantages associated with
outdoor installation. Since it is unlikely in nost dem | cases that
sufficient space will be available for conplete indoor installation,
the remainder of this discussion is linmted to outdoor installation.

The major problens with an outdoor |ocation are weathering and
its detrimental effects and lack of secondary containnment. (See
section 3.7.) Equipnent is exposed to heat, cold, rain, snow, sand
sun, and humidity. As a result, additional requirenments are placed
on materials, protective finishes, construction, and personnel to
enabl e functioning and survival. |f weather conditions becone too
severe, it may be necessary at times to provide tenporary protective
shelters during servicing.

G ound-level installation is reconmended rather than on rooftops.
Al'though a rooftop location may reduce duct length, its nmgjor dis-
advantages are: (1) it requires additional structural support, (2)
it presents serious logistic problems in transporting cells and
equi prent during changeout and servicing, and (3) it creates an
addi tional safety hazard for service personnel. At ground |evel
t he housing should be situated on a concrete pad or other solid
foundation to which it is securely fastened (e.g., by bolting). The
housing must be installed level and at sufficient elevation to
facilitate drainage and alignment of the ductwork

Al CAMDS filter housings are installed outdoors on concrete
foundations. Although the facility is not yet conpletely operationa
various housings have been in place and operating on an intermttent
basis for one to two years. None of the filter housings or ductwork
show any signs of deterioration. The severe climte, however, has
affected the instrunentation and changeout bags, requiring certain
modi fications to be made to correct these problens, as described |ater
in section 4.1.2.12.5.
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4.1.2. Filter Housing Details
4.1.2. 1. I ntroduction

The filter housing provides a conplete, airtight
protective enclosure extending fromair inlet to air outlet. |t js
essential that the filter conponents and nounting frames inside the
housing form a continuous barrier between the contam nated zone and
atnosphere.  Any hole, crack, or defect in a mounting frane or seal
between the filter conponents and frame may result in |eakage.

Penetrations through the housing skin should be minimzed for the
fol | owi ng reasons: (1) inward flow of air into the housing wll
reduce flow fromarea to be filtered, (2) outside air may contain

moi sture, and (3) outward |eakage of contamination may result. It is
preferable to have all penetrations nmade by the manufacturer at his
facility before the housing leak tests are performed. |f penetrations

are necessary after the housing has left the manufacturer, [|eaktight
fittings must be used. Do not rely on sealants (e.g., RTV silicone)
to stop | eakage.

The CAMDS filter housings, depending on their size, contain
one or two |eaktight penetrations aside from sanpling ports, inspection
ports, and pressure taps. Type | units up to 1,000-cfm capacity contain
one penetration only for the electric cable running between the cutoff
switch, junction box, and motor. The larger units contain this
penetration plus another one for the electric and signal lines for the
flowcontrol system

It is important that the follow ng additional factors be con-

sidered in the design of the filter housing. These factors are discussed
in the follow ng sections and in Chapter 4 of reference 7.

1. Structural rigidity of mounting franes.

2. Rigid and positive clanping of conponents to nounting
franmes .

3. Strict adherence to close tolerances on alignment,
flatness, and surface condition of component sealing
surf aces.

4, Wl ded-franme construction and wel ded seal between
mounting frame and housing.

5. Ability to inspect interface between conponents and
mounting frame during installation.
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6. Adequate door openings in walk-in units (type Il and
type 111) to allow personnel in protective clothing
to enter easily.

7. Elimnation of sharp projections which could cause
mai nt enance personnel to cut thenmselves or tear their
protective clothing

8. Adequate sanpling ports for leak testing and agent
moni t ori ng

To verify leaktightness and structural rigidity, the housings
should be subjected to both a positive and negative pressure test
and a negative-pressure decay test as described in section 2.1.3 of
Appendi x B and ANSI N510°. These tests were performed on each of the
CAMDS filter housings at the manufacturer’s plant after the units
were conpletely assenbled. The blower assenbly was not included for
some of the tests. A value of 24 in. wg was used since it represents
twice the maxinum AP at which the systemis designed to operate.

4,1.2.2. Mounting Frames

Mounting frames, used to support the filters and
adsorbers, are critical conponents of the filter housing. They nust
be stringently designed to provide adequate rigidity and to wthstand
shock loading w thout exceeding the elastic linits of the frame
material. The franes should be of all-welded construction conposed
of carbon or stainless steel structural shapes, plates, or heavy cold-
formed sheets. Carbon steel frames should be painted or coated for
corrosi on resistance. (See section 4.1.2.8.)

There are three basic types of mounting frame construction: (1)
face-sealed, in which the filter seals to the outernopst surfaces of
the frame nenbers by neans of gaskets bonded to the front surface or
to the flange around the face of the filter unit; (2) pocket, in
which the filter fits into an opening of the frane and seals, by neans
of a gasket bonded to the face flange of the filter unit, on an
inner flange; and (3) drawer, in which the filter (or adsorber cell)
fits through an opening and seals, by nmeans of a gasket bonded to the
back of the face plate of the filter or adsorber cell, to the outer-
most surfaces of the frame nenbers
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Filter mounting frames should be shop fabricated because it is
nearly inpossible to avoid misalignnent, warping, and distortion in
field fabrication. Shop fabrication is less costly than field
fabrication and permts better control over assembly, welding, and
di nensional tolerances. Care nust be taken to avoid twi sting or
bending of the conpleted frame during handling, shipping, and field
installation. For proper performance and ease of nmaintenance of
installed filters, dimensional and surface-finish tolerances nust be
tight and rigidly enforced. The frane should provide several inches
of clearance above the floor to prevent the filters/adsorbers from
contacting any liquids which may collect there. (See Chapter 4 of
reference 7.)

Filter units and adsorber cells nust be clanped to the mounting
frame with enough pressure to enable the gasket to maintain a
reliable seal when subjected to vibration, thermal expansion, frame
flexure, shock, overpressure, and wdely varying conditions of
tenperature and humdity that can be expected in service. Canping
devices must function easily and reliably after long exposure to
hostile environnments and, in addition, nust be capable of easy
operation by personnel dressed in bulky protective clothing while
working in close quarters. Experience has shown that a sinple nut-
and-bolt system gives satisfactory service under these conditions.

The magnitude and uniformty of pressure are inportant factors
in clanping filters and adsorbers. At least four pressure points are
required. Wiile individual claming of each element is preferred,
common bolting in which the holding-clanp space nut bears on two or
more adjacent filters or adsorber cells is acceptable in the deml
field. The specific clanping mechanism is generally an integral
part of the mounting frane design and can vary from nmanufacturer to
manuf act urer.

For CAMDS the filter unit nanufacturer designed the mounting
frames and clamping mechanism  The mounting-frame configuration is
the third or drawer type listed above. Two sections of nounting franes,
one in a type | unit and the other in a type 11 unit, are shown in
figures 4-16 and 4-17, respectively. A nore detailed discussion of
mounting frane design and sealing is given in Chapter 4 of reference 7.

The manufacturer used different types of clanping mechanisms
for the type | and type Il/type Il housings. Toggle clamps* were

used in the type | units. Their quick-release design permts them
to be released or tightened by a sinple single novenent, which is
i deal when working through a changeout bag. The type Il and type I|II

*Product of De Sta Co. Division, Dover Corp., Detroit, M chigan
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units use a captive-nut clanping arrangenent. Here the handle on

the nut is sufficiently large to enable personnel wearing protective
gloves to turn it tightly. See figures 4-18 through 4-22 for
illustrations of both types of clanping techniques. Regardl ess of
which clamping nmethod is used, the gasket must be sufficiently
conpressed (approximately 50% for neoprene*) to assure an airtight seal

The location of the studs on the mounting franes are determ ned
by the basic sizes of the face plates and outer flanged surfaces of
the adsorber units, which are standardized by AACC Cs-8°. Therefore,
an adsorber cell from one manufacturer should fit another manufacturer’s
mounting frames. Potential problenms of inconpatibility were avoided at
CAMDS by having the same manufacturer select the cells and nounting
frames. HEPA filters, in order to mate with standardi zed nounting
frames, nust be 24 in. x 24 in., as governed by AACC CS-1."

The mounting franmes for all conponents in type | units at
CAMDS were tide fromtype 316L stainless steel. In the type Il units,
all adsorber nounting franes were also constructed from type 316L
stainless steel, while the particulate-filter nounting frames were
made from carbon steel coated with epoxy paint.

The gasketing surfaces required to insure a |eaktight seal are
an integral part of the cells and are, therefore, discussed with
those items in section 4.1.2. 4.

4.1.2. 3. Access Doors

There are two basic types of access doors, one for
type | housings (reach-in) and one for type Il/type Ill housings (walk-
inj. Both types nust be provided with gasket seals to assure |eak-
tightness and to maintain a hermetic seal equal to at least the fan
cutoff pressure. For access to the housings, doors nust be renovable
or open outward.

Al'though various types of door designs are possible, tw types
considered at CAMDS for type | housings are illustrated in figure
4-23. One nethod seals the door against the flange of the access
opening (figure 4.23a), while the other nethod seals the door against
the housing frame (figure 4.23b). The required conpression for sealing
in both cases is obtained by torquing a nut onto a stud to a specified
value (120 in. -1bs. at CAMDS).

*ASTM D1056 Grade SCE-43. 9
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Bank Of HEPA Filters And Blankoff Plates Using Captive-Nut Clamps.

Figure 4-22.

This Is 3,000 Cfm Or 4,000 Cfm Arrangement In 6,000 Cfm Type TI Filter System
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Based on CAMDS experience with these door designs, the con-
figuration shown in figure 4-23b (Method B) is preferred. Two
maj or problens devel oped with Method A, nanely:

1. The portion of the bag in contact with the door
gasket became rigid and cracked; this was
probably due to an interaction between certain
chenmicals in the PVC bag and the neoprene rubber
gasket .

2. The portion of the bag extending outside the door
and exposed to the elenents began to deteriorate;
this was probably caused by ultraviolet rays from
the sun.

Both of these problenms nmay possibly be overcome by a change in bag
material (see section 6.4.2.1), but at considerably more expense.
Method B elimnates the problems entirely.

Wal k-in doors, such as those of type Il and Il housings, are
simlar to nmarine bulkhead doors. They are of sturdy construction
with rigid close-fitting casings and positive latches. Housing doors
shoul d have heavy-duty, double-pin or slip-pin hinges, and a nninum
of six latching devices (called "dogs”) operable from either inside or
outside. (See figures 4-12 and 4-13.) Door rigidity or stiffness is
i mportant since flexible doors can be sprung or deformed when opened
agai nst negative pressure or allowed to slam shut when under load. (A
more detailed discussion of housing doors is presented in section 4.5
of reference 7.)

Al walk-in access doors at CAMDS are 30 in. by 60 in. with one
door for each conpartment requiring entry, as specified by CSL safety
officials. This is the nininum opening required for workers in
protective clothing. FEach door uses six latches, three on each side,
for effective sealing.

4.1.2. 4. Gasketing

CGasketing is required to ensure |eaktight sealing of
conponents and the filter housings. The three major areas in which
gaskets are used in such applications are:

1. Between filter/adsorber cells and the mounting frane.
The gasket is bonded to the cell rather than to the nounting franme,
permtting it to be replaced each time the filter or adsorber is
changed. These are nade of fairly soft, closed-cell, neoprene sponge,
ASTM D1056, Grade SCE-43.

2. Between flanged connections on various sections of
duct wor k. These are a somewhat harder (less conpressible) material,
4-39
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as indicated in the CAMDS ductwork specification (see Appendix E of
reference 11).

3. In the filter-housing access doors, where the
properties for this gasketing material are simlar to those of the latter
application.

A neoprene gasketing material was used in the doors (application 3)
of the first 12 CAMDS housings. Although the desired sealing was
obtained, it was found that the gaskets took a severe conpression-set
over a period of tine. As a result, the final CAMDS unit and DATS unit
(section 8) now enploy silicone rubber gaskets. Based on prelimnary
results, the latter gaskets have perforned satisfactorily.

Anot her factor to be considered in the selection of gasketing
material is its compatibility with both the contam nant of interest
(chemical agent in this case), and other constituents or potentia
constituents of the air stream including S02, NQ, and ozone. Since
there is limted information available on this subject, it is suggested
that CSL be consulted

4.1.2.5. Sanpling Ports and Inspection Ports

Sanmpling ports are penetrations through the filter
housing for the purpose of (1) connecting sampling lines to agent
moni toring equipnment, and (2) taking upstream and downstream sanpl es
for DOP and freon testing of filters/adsorbers (section 7). For
uniformty, each sanpling port should consist of a one-in. diameter
(m ninmum NPT hal f-coupling welded in place to prevent |eakage. All
penetrations should be sealed with a pipe plug, using a suitable thread
seal ant (such as teflon "ribbon dope”) , when not in use.

An inspection port is an opening in the housing which allows
personnel to visually examne the interior of a specific conpartnent
with the aid of a flashlight or permanently installed overhead |ights
(certain walk-in units only) wthout having to open a door or enter the
area. The inspection port is normally covered with either a bolted-on
metal plate, which is remved when observations are to be made, or a
clear plastic cover. I nspection ports can also be used for test purposes
by incorporating a one-in. dianeter NPT half-coupling and inserting a
sanpling probe in the cover plate. These ports may also be used for
connecting flexible-tubing "junpers” to enable the testing of series banks
of filters and/or adsorbers, if a flange or rimis provided to which the
flexible tube may be sealed. (See figure 8.16 of reference 7.)

At CAMDS the type and locations of sanpling and inspection ports
vary fromunit to unit as indicated in table IV-4. Each housing, how
ever, contains at |east two sanpling ports between the two adsorber
banks.  The couplings are made of type 304 stainless steel. Two sanpling

ports are specified per housing to allow sinultaneous use of two different
types of agent nonitors. 440
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Table 1V-4. Location of Sanpling Ports and Inspection Ports in
CAMDS Filter Housings

Filter Unit Sampling Port Inspection Port
333 cfm 6 ea., 1 in, NPT 1/2 |3 ea. located on back-
coupling, on top side of housing (1 for
surface. downstream prefilter

and upstream HEPA
filter no. 1, 1 for
downstream adsorber

no. 1 and upstream
adsorber no. 2, and 1
for downstream HEPA
filter no. 2), and 1

on back end for viewing

blower.
666 cfm (a) 5 ea., 4 in. dia.sb) Same as above.
flanged and gasketed,
on top surface; 2 ea.)
1 in. NPT 1/2
coupling, on top sur-
face.
2,000 cfm 6 ea., 1 in. NPT 1/2 | Same as above.
coupling, on top
surface.
3,000, 4,000, 6,000 3 ea., 1 in. NPT 1/2 6 ea., 1 on each of 5
8,000 and 15,000 cfm coupling, 2 on top walk-in doors and 1 on
surface (between housing to observe up-
adsorber banks) and stream side of pre-
1 on hack and for fFiltar hanl

+ Yl wvala CTiliiu 1oL LLALLTIL valine

sampling at blower.

(a) This filter unit is intended for use on DATS only
(section 8).

(b) This dianeter was increased fromregular 1 in. to 4 in. to provide
more flexibility during testing.
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The sanpling lines of both monitoring devices could, if necessary,
pass through a single I-in. diameter opening, but the availability of two
such openings provides greater flexibility to sanpling personnel

Views of the sanmpling/inspection ports of CAMDS housings are
shown in figures 4-12, 4-13, and 4-24, and later in figures 8-2 and
8-9.

4.1.2.6. Pressure Taps

Provision nmust be included in the filter housings
for nmonitoring the pressure drop across, as a mnimm each filter bank
(AP measurement across adsorber banks is unnecessary). The readouts
from these pressure gages provide information on the buildup of solid
matter on, or |leakage through, the filters. One penetration is required
upstream and one downstream of each bank. The pressure taps are pipe
ni pples or half couplings welded to the top or side of the housing. The
taps should be as small as possible and flush with the inside wall of the
housing to ninimze airflow turbul ence. Tubi ng connects the pressure
taps to the differential pressure gages.

In CAMDS, the taps are located on the top of type | housings and
on the side, above the access doors, of type Il housings.* (See
figures 4-12, 4-13, 4-24, and 8-2.) Pressure taps are identical on all
the CAMDS units, although a shutoff valve was added to the DATS unit to
maintain its integrity during the frequent relocations which it is
expected to nake.

4.1.2.7. Dr ai ns

Fl oor drains should be provided in housings in which
decontam nation and/or deluge-type sprinkler protection provision is nade
There should be a separate drain for each chamber (that is, the space
between each pair of filter banks) since a common drain could allow
contanminated air to bypass the filters or adsorbers. Floors nust be
sl oped towards the drain holes to pernmt easy runoff of liquid, and
the housing nust be level to ensure proper drainage. The drains shoul d
flow toward the access side of the housings and be either capped when
not in use or piped to a liquid waste facility.

*Al though there are no type Il housings now installed at CAMDS
their pressure taps would be located the same as for the type 11
housi ngs.
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Each CAMDS filter housing is equipped with six drains, each of which
is a l-inch dianeter pipe nipple for connection with outlets installed in
the housing skin. A pipe cap seals each drain outlet when not in use and
is renoved only when a definite requirement exists for decontam nating or
flooding the housing. when used, pipe or tubing is connected fromthe
drain to a storage vessel or sunmp where the effluent liquid - probably
contamnated - is collected for disposal. A punp (or punps) can be
incorporated into the system if necessary. (See figures 4-7, 4-10
4-12, 4-13, and 8-2.)

4,1.2.8. Paint

Car bon-steel housings must be painted to protect
against corrosion and to facilitate cleaning and decontam nation.
Mounting frames may be either carbon steel, which requires painting, or
stainless steel (e.g., type 316L). The paint for nounting frames shoul d
be hard enough to resist scratching during filter changeout. For dem |
applications an epoxy-base paint is recormended because its snooth, hard
surface is less susceptible to agent penetration than other types of
paint. There are several suitable epoxy paints comercially avail able;
the brand found to be least affected by chemcal and decontaninating
agents is Rowe Epoloid B, a product of Rowe Products, Inc., N agara
Falls, New York.

All CAMDS filter housings and carbon-steel frames were painted
with the latter paint in strict accordance with the manufacturer’s
recommendations (i.e., one coat of priner 7-W20 plus two coats of
base 5-G5). These units have now been in the field for one to two
years and show no signs of deterioration and |ess scratching than
anticipated. Proper preparation of the netal surface and strict
adherence to the paint manufacturer’s recomended procedures are
critical to achieving a satisfactory paint job.

4.1.2.9. Lights

Permanently installed electric lights are recomended
inall type Il and type 111 filter housings to provide illumnation for
visual inspection, in-place testing, and changeout operations. These
lights should be installed in series with an independent control switch
| ocated on the outside of the housing. They must be installed in
vapor-tight glass globes capable of wthstanding the pressures en-
countered and be replaceable from outside the housing through |eaktight
openings in the roof of the housing. Wring for the lights should be
installed on the outside of the housing in metal conduit to avoid
penetrations through its skin. See figure 4-25

4-44



Downloaded from http://www.everyspec.com

M L- HDBK- 144

wa3sAg 1937114 II1 =adAl 104 3104 3uiidues puy 2IN3IXIJ 3y817

3O M9IA 10T1a93U]

‘GZ-% 9an81y

4-45



Downloaded from http://www.everyspec.com

M L- HDBK- 144

For the CAMDS type Il units the light-control switch is |ocated

on the back of the housing adjacent to the disconnect switch. There

is one light between each pair of banks of the 6,000-cfm housings and
two |ights between each pair of banks of the 9,000-cfm and 15, 000-cfm
units . Lights are installed only in spaces where cell changeout occurs
That is, no lights are installed between the first HEPA filter and first
adsorber or between the second adsorber and second HEPA filter because
no changeout is perforned in these areas. No light is installed in the
bl ower conpartnment because it is considered a clean area wthout de-
contani nation problens; when needed, a drop-light can be brought in.

4.1.2.10. El ectri cal
4.1.2.10.1. Power Requirements

El ectrical power is required for the fan,

interior lighting (type Il and type IIl units only), punps, heaters, and
agent-nonitoring equipment for providing signals to the control area to
warn of lowflow conditions, etc. In a typical system all equipnent

except the blower operates from a 110-volt, 60-Hz AC source. The fan
usual |y operates on either 230 (or 208) or 460 volts AC, depending on
its size and the power characteristics specified by the fan manufacturer.

Al power for filter housing purposes should be connected through a
di sconnect switch at the housing. See figures 4-7, 4-10 and 4-12. This
switch is located at the housing to keep it under the control of naintenance
personnel so that power cannot be accidentally turned on renotely when nen
are working inside. A central control area, however, my still be wred
for renote operation of the fans, but without the capability of overriding
the local disconnect swtch

At CAMDS the fans operate on 208-volt, 3-phase, 60-Hz power except
the ADS units (containing 40 hp notors) which require 460-volt, 3-phase
60-Hz power. Incoming comercial power to the facility is first stepped
down to 480-volts for the ADS fans and then stepped down to 208-volts
for the other fans.

In case of commercial power failure, 480-volt energency power is
automatically supplied to the ADS by a diesel-powered generator |ocated
inautility building. Another enmergency generator housed in a railroad
car supplies 208-volt energency power. The latter generator operates
aut omatically upon |oss of commercial power; should it fail to start after
three tries, a backup (redundant) generator automatically switches on to
supply the required 208-volt power.
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4.1.2.10.2. Type of Power

Before specifying blower requirenents,
the designer should deternmine what type of power is available at
the dem| site. If commercial power is available it usually is
stepped down by a transformer to 480 volts, three-phase, 60-HZ and
then to 240-volts, three-phase, 60-Hz, or directly to 240-volts. Unless
otherwi se specified, the notors for the blower units should be
selected to operate from the avail abl e power sources.

Many military portable generators (for use where comercial power
is not available) and certain nmlitary facilities, however, supply

208-volt, three-phase, 60-Hz power. If specifically requested from
t he manufacturer, notors designed to operate from a 208-volt, three-
phase, 60 Hz power source can be obtai ned. It is inmportant that a

motor not be run froma different power than that for which it is
designed. Although the notor will operate if connected to the wong
power source, its chances of malfunctioning or burning out are signi-
ficantly increased. Since the blower assenbly is critical to the
overall ventilation system it is strongly recomrended that its notor
be used only at the rated voltage.

4,1.2.11. Blower Assenbly
4.1.2.11.1. Fans

The fan in the blower unit nust be capable
of pulling the required airflow through the ventilated area. Since the
total static pressure of the systemis not constant but undergoes a
continuous slow increase due to dust buildup on the particulate filters,
the system nmust be capable of conpensating for the increased static
pressure and maintain constant airflow Twtypes of flow control
systems - (1) centrifugal fan with flowcontrol danper in the duct,
and (2) centrifugal fan with variable axial vanes - have been successfully
used to neet these requirements and are recommended for application in
chem cal denmi| operations.

The centrifugal fan with external danper nust be sized to the
mexi num static pressure expected and al ways operated at this nmaxi num
condition. \en the particulate filters are clean and the total static
pressure in the ventilation systemis mnimum the control danper is
closed sufficiently to increase the static pressure to its maximm |level.
As the filters gradually clog and build up static pressure, the outlet
damper is opened an equivalent anpunt to maintain constant flow

In a constant-volune airflow system however, the fan with external
danper is less efficient than the axial-vane fan. The latter nust also
be sized for the maximum condition anticipated. At startup, with clean
filters in the system total static pressure in the ventilation system
is mininum and the blades close sufficiently to conpensate for the
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[ ower level of static pressure through the system As the static
pressure builds up, the blades open up a corresponding amount to
keep the total static pressure at a constant val ue.

Wth both types of control, the fans acconplish the same function,
but the centrifugal fan with axial vanes does |less work and thus
requires less power. In order to conserve power, the CAMDS specifi -
cation originally specified axial-vane fans for all blowers; however, the
fan manufacturer warned that these units do not operate efficiently at
low flow rates and high pressures (5 to 6 in. wyg). Therefore, in view
of this judgnent, centrifugal fans with axial vanes were selected for
the larger systens only (8,000 and 15,000 cfn)j. Fans with control danpers
in the stack were specified for all units of 6,000 cfm or I|ess.

To determine the maximum static pressure in the ventilation system
the CAMDS specification (Appendix B) requires that, with a maximm
negative pressure of 1 in. wg at the filter inlet, each air filter
system shall (1) maintain the specified volume airflow, plus O mnus
20% as the filter systemis resistance is increased by 100% over its
initial value, and (2) maintain the specified volune airflow, plus

O nminus 30% when the filter systemis resistance is increased by 125%
over its initial value.

For a nore general discussion of fans and flow control, consult
Chapter 5 of reference 7 and also reference 12.

4,1.2.11.2. Mdtors

Based on CAMDS experience, fan notors
should be totally enclosed, fan cooled, wth double-sealed pre-
[ubricated ball bearings designed for continuous operation. Advise
the fan nmanufacturer of the airflow requirements, characteristics of
avail abl e power (i.e., voltage, frequency, and phase), and basic type
of motor desired and let him determine the actual horsepower rating
of the notor required for driving the fan. Mtor sizes in use at
CAMDS range from2 to 40 hp. (See table IV-1.)

To expedite the lubrication of notors of smaller blower units
(2,000 cfmand less), renote greaseports may be considered. These
are, in essence, tubes connecting difficult-to-reach lubrication
fittings to accessible locations. The lubricant enters the tube and
flows through it to the proper lubrication point.
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4.1.2.11.3. Drive

There are two basic methods of
connecting the blower fan to the motor:

1. Direct drive, in which mtor shaft and fan shaft are
directly coupl ed.

2. Belt drive, in which nmotor shaft is connected to
fan shaft by means of a belt-driven pulley arrangenent.

For CAMDS, the neans of connection was left to the blower manu-
facturer, who selected belt drive because of its greater versatility.
It was stipulated, however, that at |east two belts be used on each
pull ey for redundancy, so that if one belt becones disabled the
bl ower system can continue operating. (See section 3.4.)

4.1.2.11. 4. Capacitors

It is advisable to install capacitors
in conjunction with the larger notors in order to inprove their power
factor. At CAMDS each nmotor, 10 hp or larger, has a capacitor wred
across it which provides a power factor of at least 0.9

4.1.2.11.5. Vibration

Vibration created in the ventilation
system- prinmarily by fans, notors, and mechanical drives - can be
reduced through the use of flexible couplings between the fan and
ductwork and springs, or isolation-pad nountings, between the fan and
its base. Excessive vibration, if not corrected, can cause damage
to conponents as well as severe noise. [f the blower is hard-
mounted (i.e., to a concrete pad or solid floor), there
is less chance of vibration and isolators may not be necessary.

At CAMDS flexible connections are used between the exhaust section
of the fan and the straightening section in the stack in all units
above 2,000-cfm capacity. In addition, nost of the fans are
nounted on danping spring isolators; since recent experience has shown
that motor vibration is not extensive enough to warrant use of the
springs, some of the later units (2,000 cfm and DATS) are nounted
on rubber pads (see figure 4-4).

During shipment between the manufacturer and the CAMDS site, severa
of the earlier notors equipped with danping springs resonated off
their munts and broke the vibration isolators. To avoid this
problem the motor frames were welded to their housings for shipnent,
and the welds were renoved later after the equipnent was set up at
the site.
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4.1.2.12. [ nstrunent ati on
4.1.2.12. 1. | ntroduction

Based on CAMDS experience, there are
three basic types of instrumentation required to assure reliable and
safe operation of a chemcal dem!| air-filter system These consist
of :

1. Differential pressure gage to indicate static pressure
difference (AP) across the filter and adsorber banks

2. Conbination differential pressure gage and switch to
control the motor driving the outlet danper in the
stack or the variable axial vanes on the fan, depending
on which type of flowcontrol systemis used

3. Differential pressure switch to measure airflow (in
cfm for signaling when a |owflow condition occurs

(See also section 5.1.2 in regard to instrunentation.)
4,1.2.12.2. Differential pressure Gage

The CAMDS differential pressure gages
are Dwer Instrunent Co. 2000-series Magnehelic  gages. These itens may
be procured with various scales, but for CAMDS a 0-3 in. wg range was
chosen since the systemis designed for AP readings to remain wthin
that range under normal conditions. Five of these instruments, one
across each filter/adsorber bank, are connected to each filter housing.

Measurement of differential pressure across adsorber banks is
optional and may be done, as it is at CAWMDS, for information purposes

only. It helps to determne the overall &P of the system by including
the adsorber segnents as well as indicating gross |eakage or clogging -
al though extremely remote - in these banks. The cost for the

additional gages is not substantial and the data is of some value to
mai nt enance personnel

The differential pressure gage is installed by connecting one of
its two lines to the pressure tap on the upstream side of the bank
and the high side of the gage, and the other line to the pressure tap
on the downstream side of the bank and the |ow side of the gage. The
two lines enter the gage where they are separated by a diaphram The
greater the AP between the two inputs, the more the diaphram deflects
and, correspondingly, the higher the reading in inches of water. The
readi ngs thus obtained aid in determning when the particulate filter
cell's should be replaced due to the accumulation of dust. On the other
hand, the adsorber cells capture vapor only and should show no
significant change in their AP readings unless a significant |eak
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devel ops. Therefore, the changeout criteria for the adsorber cells
does not depend on differential-pressure gage readings (see section
4.1.3.3.5).

4,1.2.12. 3. Conbination Differential Pressure
Gage and Switch

CAMDS uses another Dwyer instrunent
known as a Photohelic ®gage, the 3,000-series nodel with |ow
tenperature option. It functions as both a flow indicator and notor-
control device. The indicator portion of the gage operates in the
same manner as the Magnehelic gage.* In its other function as a
doubl e-circuit pressure switch, the Photohelic gage offers high and
low limt switches which are activated by separate photocells to
trigger relays controlling certain equipnent.

Readi ngs are obtained by connecting the high and |ow sides of
the gage to the corresponding high and low ports at the flow neasuring
station in the exhaust stack. The flow measuring station of the stack
is a flanged casing containing an air straightener and treatnent section,
total pressure sensors, tube manifold, static-pressure sensors, and a
volume neter (in this case, the Photohelic gage). It is designed to
accurately neasure airflow through the stack and, therefore, through the
filter housing. When the gage reading goes below the |ower set-point
or above the upper set-point, a contact is closed and an electrical signal
is sent out. This signal goes to a notorized danper in the exhaust
stack or, in case of the axial-vane fan unit, to a small motor connected
to the fan bl ades. If the signal originates fromthe |ow contact, the
danper opens or the blades rotate to decrease the resistance to the fan
and increase the airflow.  The danmper or blades continue to operate
until the airflow reading noves back, above the |ower contact point.
When this happens the contact opens and the signal to the notor ceases
causing the nmotor to stop. The reverse procedure applies if a high
signal is transmtted. The flowcontrol system of DATS is sinilar (see
section 8).

4.1.2.12. 4.  Low Fl ow Si gnal

For CAMDS, a Dwyer 1910-series differential-
pressure switch is used to signal the control roomin the event of a |ow
or no-flow condition. This signal actuates an alarm (audible, blinking
light, etc.) to inform operating personnel that the airflow is either
dangerously |ow or stopped. Although there is no scale on this
instrument, its operation is sinmilar to the switch portion of the
Phot ohel i ¢ gage. Its lowflow setting is adjusted by a set-screw **

*The scal es of Photohelic gages used at CAMDS in airflow control systens
have been nodified to read in cfmrather than ap ((in. wg).

**The Dwyer 1910-series switch, as used at CAMDS, contains only one set
of contacts for use at the lowflow condition; it can be procured
however, with two sets of contacts if signaling of a high-flow condition

is also required. 4-51



Downloaded from http://www.everyspec.com

M L- HDBK- 144

Upstream and downstream readings from the neasuring station at the
exhaust stack are introduced into the high and | ow sides of the

instrunment by air lines. These lines actually connect to T-connections
on the lines going to the Photohelic gage.

4.1.2.12.5. Location

The overall flowcontrol arrangenent is
shown schematically in figure 4-26, while figure 4-27 shows a closeup
of the danper notor and linkage section.

Portions of the automatic flowcontrol systems in the CAMDS

filter units have been deactivated by insertion of an ONOFF switch

bet ween the danper-operating motor and the flow control gage. This

was done because no decrease in airflow resulted in any of the filters
to date due toincreases in total &P, and an automatic flow control
system does not appear to be required. If large flow variations should
occur in the future, the automatic control system can easily be re-
connect ed.

The instruments can be mounted outdoors directly on the filter
housing or renotely indoors, or a conbination of both. CAMDS
experience reconmrends that all gages be mounted renotely indoors when-
ever possible.

Probl ens at CAMDS with outdoor-munted gages involved (1) vibration,
(2) fading of the numbers on the face plates by sunlight, and (3)
noi sture condensation inside the instruments. Al of these made reading
of the dials very difficult, in addition to shortening the life of the
gages. For remote mounting of the gages, the manufacturer clains that,
al though short lengths are preferred, sensing lines may be extended any
necessary distance. A nmaxinmum |length of 150 ft. is recommended, however,
and shorter lengths are preferable. Tubing should be at |east 3/16 in.
IDto allow the instruments to respond quickly to rapid pressure changes.

At CAMDS all gages, except the lowflow signal, are now remptely
| ocated indoors with no |ine exceeding 100 feet in length. The Model
1910 lowflow signaling sw tches, however, are nmounted on the filter
housings. Figures 4-9, 4-11, and 4-13 show how instrunent panels were
initially nounted on the filter housings. A view of the relocated
instruments is shown in figure 4-28.
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Station For CAMDS Filter System

| nst rument
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Figure 4-28.
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4.1.2.13. Exhaust St acks

There is always the possibility that sone anpunt
of contaminated air, even if undetectable, may be discharged through
the exhaust of a chemical denmil|l air-cleaning system  Exhaust stacks
serve as the nmeans for dispersing exhaust air to the atnosphere
Poor discharge conditions, if there is |eakage through the filter
system can result in lowlevel contanmination which may remain in the
imediate area or even reenter a ventilated building due to wnd
effects. Therefore, the type and location of the stacks are key factors
in obtaining proper dispersion of exhaust air. Principles of good
stack design are illustrated in figure 4-29

In general, the exhaust stack must be higher than adjacent
structures if possible. It should be designed so there is no back
pressure to decrease the capacity of the fan. The cross-sectional area
of the stack should be not less than the cross-sectional area of the
blower’s outlet. The vertical-discharge, no-loss configuration shown
on the left side of figure 4-30 is recommended

Sampling ports are provided in the stack to nonitor agent con-
centration in the effluent air and to measure flow rate. One-in. dia.
hal f-couplings or pipe nipples are provided for this purpose. The
nunber of taps required is dependent on the type of sanpling intended
(agent nonitoring or flowrate deternmination) and the configuration of
the exhaust stack (round or rectangular). See reference 14 and section
5.5 of reference 7 for further details. The responsible USAEHA office
should be contacted for specific recomrendations and assistance in
designing and |ocating stacks, as well as to insure that all requirements
have been satisfied.

After the stack is built it can be tested with commercial snoke-
produci ng devices* to determine airflow patterns across adjacent
buildings and to verify that proper discharge is occurring

The exhaust stacks at CAMDS are of the vertical-discharge, no-
| oss design illustrated in figures 4-30 and 4-51. Al are constructed
of 16-gage carbon steel and coated with epoxy paint for corrosion
resi st ance.

*Snoke candles are recommended for low flow rates and snoke bonbs for

high flow rates. These devices should not contain titanium
tetrachloride, which is highly corrosive
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4.1.2.14. Skids and Lifting Eyes

Filter housings should be fitted with four
external lifting eyes (or lugs) and nounted on skids to facilitate
handling and installation by cranes and forklifts (see figures 4-24
and 4-31). The lifting eyes nust be located so that the housing wll
be horizontal when supported froma single crane hook. Munting on
skids also provides space for laying drainpipes under the housings.

At CAMDS the filter housings are skid-nmounted and anchored with
1/2 in. dia. bolts to concrete pads. Each unit is electrically
grounded to avoid |ightning damage.

4.1.3. Filters and Adsorbers

This section describes in detail the heart of the filter
system - those components which actually remove contam nants from the
ai rstream Included in this discussion is information on prefilters,
HEPA filters, adsorbers, and adsorbent.

4.1.3.1. Prefilters
4.1.3.1.1. Function

The first bank of filters in a filter
systemis the pre- or roughing filter. This filter nechanically
renmoves coarse particulate nmatter from the airstream and protects the
first bank of HEPA filters from being plugged or damaged by |arge
particles. A typical increase in HEPA filter life through the use of
prefilters is illustrated in figure 4-32. The increase for a specific
application is, of course, dependent on the efficiency of the prefilter
sel ected and the nature and concentration of dusts and particul ate
matter in the ventilation system

4.1.3.1. 2. Cost Consi derati ons7

The decision to use prefilters must be
determined for each application on the basis of total air-cleaning
system costs (including first cost, effect on power costs, and
servicing) and the consequences of exposing the HEPA filters to the
environment wthout protection. In general, HEPA filters should be
be protected from (1) particles larger than 1 or 2 ym in dianeter,
(2) lint, and (3) dust concentrations greater than 10 grains per
1,000 cubic feet. Resistance (and corresponding power costs), system
installation costs, and filter elenent replacement costs generally
increase with increasing prefilter efficiency. Table |IV-5 shows
relative prices of filters usually used for prefilter purposes
relative to the current price of HEPA filters. (Refer to section
4.1.3.1.7 for descriptions of Goup I, Il and IIl prefilters.)
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Tabl e |V-5. Price Indexes of Common Air Filters Per 1000 Cfm

Capacity’
Price
Group Efficiency Type Index (&)
1 Low Panel .01
II Moderate Extended Medium .02-.10
III High Extended Medium .30-.70
- HEPA HEPA .80-1.00

(a) Actual cost may be estimated by multiplying price index
by current cost of a HEPA filter; for exanple, if current
cost of 1000-cfm HEPA filter is $130, cost of a Goup |
prefilter would be .01 x $130, or about $1.30.

4.1.3.1.3. Size

It is reconmended, for good air
distribution, that the face dimensions of prefilters be approxinmately
the sane (i.e., within + 1 inch) as the face dimensions of the HEPA
filters with which they are used.

4.1.3.1.4. Type

Common air filters used as prefilters are
classified as shown in table IV-6. The classification is based on
arrestance (weight percent) and dust-spot (stain) efficiency as
explained in references 7 and 15. Because the atnospheric-dust spot
test is based on the staining effect of the dust that penetrates
the filter, as conpared to the staining capacity of the entering
dust, it is not a true neasure of particle-renmoval efficiency for any
given particle size range. Table IV-7 gives a more nmeaningful
compari son.
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Table 1V-6. Cassification of Common Prefilters’
Stain-Test Arrestance|
Group Efficiency Filter Type Efficiency (%) )
a a
I Low Panel, viscous impingement <20( ) 40'80( )
I1 Moderate Extended medium, dry 20-60(a) 80-96(a)
ITI High Extended medium, dry 60-98(b) 96-99(a)
(a) Using synthetic dust.
(b) Using atmospheric dust.
Table IV-7. Conparison of Prefilters by Percent Renoval
Efficiency for Various Particle Sizes’
Group Efficiency Removal Efficiency (%) By Particle Size
0.3 pum 1.0 pm 5.0 um 10.0 pm
I Low 0-2 10-30 40-70 90-98
I1 Moderate 10-40 40-70 85-95 98-99
I1I High 45-85 75-99 99-99.9 99.9

4,1.3.1.5. Per f or mance

Prefilter performance is defined in terms
of (1) particle-renoval efficiency, (2) resistance to airflow (i.e.,

differential pressure), (3) airflow capacity, and (4) dust-holding
capacity. Table IV-8 gives the conparative performnce

of Goups 1, Il and 111 filters averaged over the |life of the filter
to the manufacturers reconmmended maxi mum pressure drop.

4-63




Downloaded from http://www.everyspec.com

M L- HDBK- 144

Table IV-8. Airflow Capacity, Resistance, and Dust-Holding Capacity
of Prefilters’

Airflow Resistance Dust-Holding
Capacity (in. wg) Capacity
(cfm per square foot Clean Used (g per 1000 cfm of
Group | Efficiency of frontal area) Filter Filter airflow capacity)
I Low 300-500 0.05-0.1 0.3-0.5 50-1,000
I1 Moderate 250-750 0.1-0.5 0.5-1.0 100-500
III | High 250-750 0.20-0.5 0.6-1.4 50-200

The airflow capacity of prefilters should be the same as or
greater than that of the HEPA filters with which they will be used. 7,16
The prefilters at CAMDS are designed to withstand an airflow producing a
pressure drop across the filter of at least 5 in. wyg for at least 15
m nutes without visible damage or loss in filtration efficiency. The
manuf acturer should furnish a test report verifying that the filters
meet this requirenent.

4,1.3.1.6. Fire Resistance

The prefilter shall be rated as Cass 1
(does not contribute fuel when attacked by flame and enits only a
negligible amount of snmoke) or Class 2 (may contain sone conbustible
material but nmust not contribute significantly to fire) in accordance.
with Underwiters Laboratories (UL) Standard 900." The filter shall be
listed in the current UL Building Materials List. Cass 1 could be very
costly and, after only a week or two in the system could be no better
than Class 2 in terms of fire resistance because of the flammbility
of certain types of collected dust in certain applications.

4.1.3.1.7. Construction
4,1.3.1.7.1 Materials

_ _ Materials used in prefilters
must be conpatible with the agent and environnmental conditions

prevailing during chem cal dem| operations. Many filter nedia
cannot withstand acid or caustic funes. Fiberglass, a comon
constituent of many prefilters, withstands exposure to nost reagents
(except hydrofluoric acid and gaseous hydrogen fluoride), but the
resin binders used in its manufacture may not. Qualification tests
should be made to verify any questionable or doubtful conpatibilities
(see Section 7),
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Alum num parts, such as those serving as separators, may
deteriorate after long exposure to sea air or when caustic substances
are deposited on them Plastics have poor heat resistance and generally
will not meet UL requirenents. Heavy concentrations of water droplets
or condensate may plug or deteriorate filters and necessitate frequent
filter replacement. In general, prefilters constructed simlarly to
the HEPA filters used in the same system will have equival ent noisture
and corrosion resistance.’

4.1.3.1.7.2. Goup | Filters (Viscous
| npi ngement, Panel Type)’

Goup | panel filters (viscous
i npi ngenent) are shallow, tray-like assenblies of coarse fibers (glass,
woo 1, vegetable, or plastic) or crinped metal nesh enclosed in a steel
or cardboard casing. The mediumis often coated with a tacky oil or
adhesive to inprove retention of trapped particles. Disposable,
repl aceable and cleanable types of panel filters are
available. The latter type has netal mesh and is not generally used
in contam nated exhausts because of the difficulties and high costs
associated with cleaning. Goup | prefilters are of little value in
chem cal dem | applications because of their linmted effectiveness
against small particles (5 wm and |less) and because they are rapidly
plugged by lint and other fibrous materials.

4,1.3.1.7.3. Goup Il and Goup 111 Filters
(Ext ended- Medi um  Dry-Type)'

Goup Il (mderate efficiency)
and Goup 111 (high efficiency) filters are extended-medium dry-type
units. This neans the mediumis pleated or formed as bags or “socks”
to give a large surface area with mninum frontal area, and the medium
is not coated with an oil or adhesive. Goup 11 filters are
recormended for high lint and fiber-loading applications. The large
area of the nmediumrelative to frontal area permts the use of extended-
medium filters at duct velocities equal to or higher than those
permssible with panel filters.

Goup Il filters are used when higher efficiency for smaller
particles is desired, although their dust-holding capacity may be
lower than the Group Il filters. Figure 4-33 shows a Goup Il filter

of the type used at CAMDS.
4.1.3.1.8. Selection

For logistical reasons, prefilters of
standard design are generally preferred. However, the inportant
advantage of sinplified installation must also be considered even if
it involves the disadvantage of a special filter design. For this
reason, a special-type filter with sealing flange on one face only
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was specified for use at CAMDS. This design pernmts “bayonet” type
installation, with sealing at the backside of the flange as shown
infigure 4-34. The prefilter neeting this requirement and finally
sel ected for CAMDS was the Model BC81-NL filter manufactured by

Fl anders Filters, Inc., Washington, North Carolina. This specific
model was chosen primarily because it offers the proper flanging
configuration for incorporation into the clanping arrangenent designed
by the filter housing manufacturer.

The filter was obtained by specifying the type, class, group,
and efficiency and then letting the filter housing manufacturer (CTI-
Nucl ear, Inc., Denver, Colorado) procure it to ensure conpatibility
with the nounting frames. The Mdel BC81-NL filter is classified as
Goup IIl, dry disposable, 80% mninum efficiency”, UL dass 1.17
[ts maxi mum dinmensions are 24 in. x 24 in. x 11-1/2 in., and it is
rated at 1,000 cfmat 0.55 in. pressure drop. Critical pressure-drop
val ues supplied by the manufacturer for the Mdel BC81-NL prefilter
are as foll ows:

1. Cdean-filter differential pressure, 0.55 in. wg.*

2. Recommended differential pressure for changeout, 2.0
in. wg.

3. Maximum differential pressure at which prefilter can be
safely used, 5.0 in.

4.1.3.1.9. Installation

Prefilter framng and support equipnent
in the CAMDS units were furnished by the housing nmanufacturer as an
integral part of the filter housing. Prefilter mounting frames are
designed for horizontal airflow For ease of maintenance, the nounting
frames in the type Il housings limt prefilter installation to a
maxi num hei ght of seven feet above the wal king surface. Each prefilter
is independently clanped in place at a mninmum of four pressure points.
Common bolting at four pressure points is also acceptable although it
was not used at CAMDS.

The filters are nounted on the downstream side of the nounting

frames since there is less contamnation of the filter casing on this
si de.

*Actual differential pressure experienced at CAMDS for clean prefilters
at rated airflowwas 0.2 to 0.4 in. wg.
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4,1.3.1.10. Visual Inspection

The follow ng visual inspections
should be made of the prefilters before and/or after installation:

1. Prefilters

a. Dammge to or deterioration of shipping carton.

This is the first indication of shipping and/or
storage damage. If found, the enclosed filters

should be closely examined for possible damage or
deterioration.

b. Damage to nedia, case, or gaskets.

c. Proper identification.

d. Adherence to specification requirenents.

e. Installed with pleats vertical.

2. Mounting Franes

a. Squareness of nenbers, flatness, and condition of
conponent seating surfaces.

h. Continuous seal-weld between menbers of frame and
between frane and housing. (Seal ant nust not be
used in these areas”)

¢c. Structural rigidity.

d. Damage to franes.

3. Filter danping Devices

a. Proper adjustnent (50 to 80% gasket
conpression all around; tighten if |ess)

h. Sufficient nunber of clanping points (at |east
four per filter) and adequate size to produce uni-
formty of gasket conpression.

c. Proper condition of clanping devices (e.g., all
nuts in place and tightened)
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d. Adequate clearance between filters to grasp them
and to tighten clanping devices on all sides.

e. Hgh quality welds and freedom from cracks
4.1.3.1.11. Changeout Frequency
Pressure drop (or resistance) is the
primary factor in prefilter replacenent. The prefilter is instrumented

with a differential pressure gage to measure the pressure drop
across the filter bank. A large increase in differential pressure

indicates the filter cell is plugged and requires changeout. A
decrease in differential pressure indicates that the prefilter has a
hole, tear or leak which also requires filter replacement. It is

reconmmended that the pressure drop be checked and recorded daily to
provide a history of differential pressure data as a guide for future
operation and servicing.

Changeout should occur when the maxi num allowable pressure drop
suggested by the manufacturer is reached. A key factor in determning
changeout time is the ability of the fan to maintain the required flow
at the higher AP. If the fan is sufficiently oversized and the filters
are capable of wthstanding the overpressure, changeout can occur at a
hi gher value rather than the recommended val ue. The nanufacturer’s
recommended value is not necessarily when filter efficiency decreases
but rather the point above which the filter will clog up (i.e., increase
its AP) at a much faster rate for a given amount of contam nation
retained.

As prefilters partially clog due to a buildup of contam nation on
surfaces, sonme types (including those used in CAMDS) becone nore
efficient. Since the replacenent cost of the prefilter itself is
m ni mal compared to the labor cost and downtime involved in changeout,
and since efficiency is actually increased, it is beneficial to use
prefilters for as long as possible. They nust be periodically
i nspected, however, because cell deterioration nmay becone a problem
with prolonged usage in sone cases. Any sudden large variation in
pressure drop indicates a potential problem and should be investigated
i medi ately.

Qperation at airflow levels below the nmanufacturer’s rated
capacity extends filter life and reduces changeout frequency. For
this reason an oversized housing (i.e., one designed to hold nore
filters than required to obtain the system design airflow) should
have extra filter cells installed in the mounting franmes instead of
using bl ankoff plates. For exanple, at CAMDS, the 3,000- and
6, 000-cf m housings are exactly the sanme. The actual flow through
each prefilter in a 3,000-cfmunit is 500 cfm (50% of its rated
capacity of 1,000 cfm which should extend its life considerably.
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4.1.3.2. HEPA Filters

4.1.3.2.1. Definition and Function

A HEPA filter is defined 18 as “a

throwaway, extended-nedia, dry-type filter in a rigid frame having
a mnimm particle-collection efficiency of 99.97% for 0.3-micron,
thernmal | y-generated particles; a maximum clean-filter pressure
drop of 1.0 in. wy when tested at its rated airflow capacity; and
maxi mum flow velocity of 5 fpm through any part of its medium when
operating at its rated airflow

The function of the HEPA filter is to remove submcron particul ate
at extremely high efficiency, preventing their escape to the
atmosphere and protecting downstream adsorber cells from becom ng
clogged or contamnated with particulate matter. Nornally, there
are two banks of HEPA filters installed in each housing. The first
bank, installed between the prefilter and adsorber banks, removes
solid particulate and aerosols that penetrate the prefilter. The
second HEPA bank, |ocated downstream from the adsorber banks, captures
carbon dust escaping from the adsorber nmedia and serves as a backup
in case of failure of the first HEPA filter stage.

4.1.3.2.2. Performance and Construction

There are three types of HEPA filters
with respect to performance: *® (1) type A tested through the filter
face for overall penetration (i.e., 100 mnus percent efficiency) at
rated flow only; (2) type B, tested for overall penetration at rated
flow and also at 20% of rated flow to disclose pinhole |eaks that do
not show up in the 100% flow test; and (3) type C, scanned filters
involving a special |eaktest.

The nost stringent performance requirenments are obtained by
specifying that the filter units satisfy both types B and C.  Figure
4-35 shows several construction details of HEPA filters and table
V-9 lists typical characteristics.’
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Table 1V-9. Typical Characteristics of Open-Face HEPA Filters !

Nominal Airflow Approximate Overall Weight
Filter Size Capacity (a) of Filter (1b.)
(in.) (cfm) Wood Case Steel Case
8x 8x 3-1/6 25 2 3
8 x 8x 5-7/8 50 3.6 5.8
12 x 12 x5-7/8 125 4.8 7.3
24 X 24 X 5-7/8 500 17 22
24 X 24 X 11-1/2 1000 32 40

(a) These airflow capacities are recomended for design purposes only.
Some newer filters constructed to these dimensions are rated at
airflows 25 to 50% higher at a maxi num pressure drop of 1.0 in. wg.

Construction grades are used to indicate a level of fire
resistance and are classified as Gades 1 and 2. Grade 1 is conprised
of fire-resistant construction throughout meeting the requirenents
of UL Standard 900"; Gade 2 is seniconbustible with nonconbustible
medi a; separators, frane, or both are nmmde from conbustible material.

Consult references 7, 18, 20, and 21 for additional details on
the performance and construction of HEPA filters.

4.1.3.2.3. Sel ection

For logistical reasons, HEPA filters

of standard design are generally preferred. However, the inportant
advantage of sinplified installation may be of overriding consideration
even if it involves the disadvantage of a special filter design. For
this reason, a special-type filter with sealing flange on one face
only was specified for use at CAMDS (figure 4-36). This design per-
mts “bayonet” type installation, with sealing at the backside of
the flange as depicted in figures 4-22, 4-37, and 4-38. The HEPA
filter neeting this requirenent and finally selected for CAMDS was
SUPER- FLOWV ® Mbdel 7081-NL filter nanufactured by Flanders Filters,
Inc. , Washington, North Carolina. This specific nodel was chosen
primarily because it offers the desired flanging configuration for
incorporation into the clanping arrangement designed by the filter
housi ng manufacturer.
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Figure 4-36. Type of HEPA Filter In Use At CAMDS
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Figure 4-37. Front View Of HEPA Filter Bank Installed In Type 11 Filter

System At CAMDS.  Sealing Surface OF Filter Is In Rear Of
Front Flange
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The filter was obtained by specifying the type, class, group,
and efficiency and then allowing the filter housing manufacturer
(CTl-Nucl ear, Inc., Denver, Colorado) procure it. The Mdel 708-NL
filter is classified as Gade 1 neeting type B and type C requirenents
of AACC CS-1,"“with steel frames and no separators. |t is rated at
1,500 cfm and neasures a standard 24 in. x 24 in. x 11-1/2 in.

The SUPER- FLOW model was sel ected because of its advertised
capacity of 1,500 cfm (as conpared to 1,000 cfm for the regular

nmodel) . Since the ventilation systemis designed for only 1,000-
cfmairflow through each filter cell, it is expected that the SUPER-
FLOWunits, by operating at |less than capacity, will last significantly

| onger than the regular nodel.

Critical pressure-drop values supplied by the manufacturer for
the Mdel 7081-NL HEPA filter are as follows:*

1. Normal operating differential pressure for 1,500 cfm
1.2 in. wg.**

2. Recommended differential pressure for changeout,
3.0to 4.0 in. wg.

3. Maximum pressure differential at which HEPA filter
can be safely used, 10.0 in. wg.

4.1.3.2.4. Installation

For HEPA filters in the CAMDS units, all
framng and support equipnent were furnished by the housing nmanufacturer
as an integral part of the filter housing (figures 4-22, 4-37, and 4-38).
HEPA filter mounting franes are designed for horizontal airflow  For
ease of maintenance, the mounting frames in type Il housings limt all
parts of the filter installation to a maxi mum height of seven feet
above the wal king surface. Each filter is independently clanped in
place at a mninum of four pressure points with the pleats running
vertically. Conmon bolting at four pressure points is also acceptable
al though it was not used at CAMDS.

Filters are mounted on the downstream side of the nounting
frames since there is less contamnation of the filter casing on this
si de.

*Actual differential pressure experienced at CAMDS for clean HEPA
filters at rated airflow ranged from about 0.7 to 1.0 in. wg.

**The manufacturer recently changed the applicable pressure for this
rating froml.Oin. wg to 1.2 in. wg.
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4,1.3.2.5. Visual Inspection

The follow ng visual inspections
shoul d be nade of HEPA filters before and after installation:

1. HEPA Filter

a. Danmge to or deterioration of shipping carton.
This is the first indication of shipping and/or
storage damage. If found, the enclosed filters should
be closely exanined for possible damage or deterioration.

b. Damage to nedia, case, or gaskets.

c. Proper identification.

d. Adherence to specification requirenents.

e. Installed with pleats vertical.

2. Munting Frames

a. Squar eness of menbers, flatness, and condition of
conponent seating surfaces.

h.  Continuous seal-weld between nenbers of frame and
between frame and housing. (Seal ant nmust not be
used in these areas.)

co  Structural rigidity.
d. Dammge to frames.
3. Clanping Devices

a. Proper adjustnment (50 to 80% gasket conpression all
around; tighten if |ess).

b. Sufficient nunber of clanping points (at |east four
per filter) and adequate size to produce uniformty
of gasket conpression.

c. Proper condition of clanping devices (e.g., all
nuts in place and tightened).
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d. Adequate clearance between filters to grasp them
and to tighten clanping devices on all sides.

e. Hgh quality welds and freedom from cracks
4.1.3.2.6. Changeout Frequency

After installation, pressure drop (or
resistance) is the primary factor in HEPA filter replacenent. The
HEPA filter is instrunented with a differential pressure gage to
measure the pressure drop across the filter bank. A large increase
in differential pressure indicates the filter cell is becomng plugged
and requires changeout. A decrease in differential pressure indicates
the filter has a hole, tear or |eak which also requires corrective action.
It is reconmended that the pressure drop be checked and recorded daily
to provide a history of differential pressure data as a guide for future
operation and servicing.

Changeout should occur when the naxinum allowabl e pressure drop
suggested by the manufacturer is reached. A key factor in deternining
changeout time is the ability of the fan to maintain the required flow
at the higher AP. If the fan is sufficiently oversized and the filters
are capable of withstanding the overpressure, changeout can occur at a
hi gher value rather than the recommended val ue. The manufacturer’s
recomrended value is not necessarily when filter efficiency decreases
but rather the point above which the filter will clog up (i.e., increase
its AP)at a nuch faster rate for a given anount of contam nation
ret ai ned.

As HEPA filters partially clog due to a buildup of contam nation
on their surfaces, some types (including those used at CAMDS) becone
more efficient. Since the replacement cost of the filter itself is
m ni mal conpared to the labor cost and downtime involved in changeout,
and since efficiency is actually increased, it is beneficial to use
HEPA filters for as long as possible. They nust be periodically
i nspected, however, because cell deterioration may becone a probl em
with prolonged usage in some cases. Any sudden |arge variation in
pressure drop indicates a potential problem and should be investigated
i mredi ately.

Qperation at airflow levels below the manufacturer’s rated
capacity extends filter life and reduces changeout frequency. For
this reason an oversized housing (i.e., one designed to hold nore
filters than required to obtain the systemdesign airflow) should
have extra filter cells installed in the nounting frames instead of
using blankoff plates. For exanple, at CAMDS, the 3,000 and 6, 000-cfm
housings are exactly the sane. The actual flow through each HEPA filter
in a 3,000-cfmunit is 500 cfm(33% of its rated capacity of 1,500 cfm
whi ch should extend its life considerably.
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No excess HEPA filters are installed in the second bank, only
the required anount (i.e., three blankoff plates are used in the
3,000-cfmunits) since it is anticipated that very little con-
tamination will reach this bank. Therefore, changeout of the HEPA

filters in the second bank will be based on total life rather than
on |evel of contam nation.

Refer to section 6.4 for additional information on filter
repl acenent.

4.1.3.3. Adsorber Cells
4.1.3.3.1. Description

Adsorber cells consist of tw beds
containing an adsorbent, such as activated carbon, used for renoving
contam nant gases or vapors fromthe air.

The types of adsorber cells considered for chenical denil
operations are intended for very high-efficiency air-cleaning
service and not for common industrial applications. Adsorber cells
for this purpose are classified as (1) type | pleated-bed units
(previously used in the nuclear field but now becom ng obsol ete);
(2) type Il nodular type units (now used extensively in the nuclear
field), which neet the design, dimensional, filling, and test require-
ments of AACC CS-8"; and (3) type IIl stationary gasketless adsorbers
(al so known as Permanent Single Units), permanently installed units in
which only the adsorbent is changed; it is a relatively new concept.
Since the type | unit is on the verge of obsol escence for high-
efficiency applications, this discussion is linted to type Il and
type Il stationary adsorber versions.

4.1.3.3.1.1. Type |l Adsorber Cell

The type |l high-efficiency,
gas- phase adsorber cell is defined® as a nodular container for an
adsorbent with provisions for sealing to a nmounting frame for use
singly or in nultiples to construct a system of a specified airflow
capacity. It is a flat-bed or tray-type configuration as shown in
figures 4-39, 4-40, and 4-41. At present, the cell is considered as
di sposabl e for CAMDS use after renmoval from service, even though it
is designed for refill; the economics of refill and reuse are being
i nvestigated at CAMDS.

The type Il adsorber cell consists of two individual parallel
adsorbent beds, noninally two inches thick, spaced approxinmately two
inches apart. The beds are enclosed by a nonperforated casing on
three sides and a solid face plate, except for the air slot, with a
neoprene gasket on the fourth side. Covering the top and bottom of
each half are perforated screens of No. 26 US Standard gage with a 30%
m ni mum open area. 4-80
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Figure 4-39. General Configuration O Type Il Adsorber Cell (Tray Type)
(Courtesy O U. S. Departnent O Energy)
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Type II Adsorber Cell (Tray Type) Used At CAMDS

Figure 4-41,
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The face-plate and cross-sectional dinensions are established by

AACC CS-8."The length of the cell varies, according to the manufacturer’s
particular design, from26 to 32 in. The weight of the cell ranges

between 80 and 100 pounds, depending on the design, of which 47 to 65

pounds are activated carbon. No caul king, scrinms, or other nonnetallic
materials, except neoprene gaskets, are pernmitted in its construction.’

4,.1.3.3.1.2. Type IIl Stationary Adsorber
The type |l adsorber is basically a
single unit permanently installed within the filter housing and seal -
wel ded to the inner housing wall. Since this concept requires that

only the adsorbent be added or renpbved, the beds are inclined or

vertically munted to permt gravity flow of adsorbent to the extraction
port (see figure 4-42). Enptying of the adsorbent may also be acconplished
by suction or pneumatically. Both filling and unloading operations can

be perforned from outside the filter housing

Uniform bed packing-densities can be realized wth the type III

concept. The creation of voids by the settling of adsorbent is
elimnated by topping off the bed with additional adsorbent |ocated
ina comon fill reservoir on top of the assenbly. Wile bed depth

and perforated screen size are varied to neet specific system require-
ments, they are usually based on the sane criteria as the type |

cells.  Techni ques have been developed in the nuclear industry for
renmoving contaninated adsorbent fromthe type |1l cell and loading it
directly into a disposal drum without danger of releasing contamination
to the atnosphere.

The main advantage of the type IIl concept is the potential
savings in both labor and material when the adsorbent is changed
Expensive cell casings do not have to be renmoved and discarded. The
| arger the system the greater the savings; this is particularly true
if the nodular type Il units are to be discarded

There are potential disadvantages to the system however. First
is its newness. The permanent adsorber concept had just been devel oped
when the CAMDS specifications were prepared and thus was not considered
for inclusion. To date, there is still no standard covering this
system although such action is underway by a committee of the ASME

A second disadvantage is that the type |Il adsorber has never been
used in a dem | application and, unlike the type Il concept where indivi-
dual trays can be tested, the only way to evaluate it is to test an
entire unit. A possible problem area is difficulty in removing con-
tam nated adsorbent saturated with noisture, since the granules tend to
stick together. This problem should not occur in nmost demi| applications
and should be readily solved by suction techniques if it does arise
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a. View of Downstream Face of Inclined-Bed PSU Adsorber

I~

b. Airflow Through Typical Vertical-Bed PSU Adsor ber

Figure 4-42. Type Ill Stationary Adsorber
(Courtesy of U S. Departnent of Energy)
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4.1.3.3.1.3. Materials of Construction

. . Adsorbers are subclassified by
the material of construction. These classes and materials are:

Class A type 304 stainless steel, ASTM A167%
(alternate, ASTM A240).%*

Cass B: type 409 stainless steel, ASTM Al76. 24

Cass C. carbon steel with epoxy coating.
4.1.3.3.2. Selection

The adsorber cell selected for CAMDS use

was a type Il class A unit manufactured by CTI-Nuclear, Inc., Denver,
Col orado, and designated Mddel No. CS-800. The adsorbent contained
in this cell is described in section 4.1.3.3.6.

The Model CS-800 unit is rated at 333 ¢fm It is a standard
size (see figure 4-40 for dinmensions) in accordance with AACC CS-8";
three of these cells occupy the same frontal area as one HEPA filter or
prefilter. The cell is designed for a gas residence tine of 0.25
second and a nmaxi mum pressure drop of 1.25 in. wy when operated at its
rated airflow

Class A construction was specified to provide a corrosion-
resistant casing due to the lack of information on the potential
corrosiveness of the airstream Corrosion can result when certain
corrodents in the airstream(e.g., NQ) plus moisture conbine within
the adsorbent to affect the enclosing cell surfaces. Since the sane
manuf acturer designed both the mounting frame (also standardized per
AACC CS-8) and the cell frane there was no problem of inconpatibility
with the clanping nechani sm

4.1.3.3.3. Installation

Al necessary fram ng and support equi pment
for type Il adsorber cells is furnished as an integral part of the
filter housing (figures 4-17 and 4-21). The cabinet drawer-like adsorber
mounting frames are designed for horizontal airflow and sized in accord-

with AACC CS-8. " Horizontal nounting avoids settling and
resul tant |eakage around and above the adsorbent bed. Airflow can be
in either direction, which neans the cell can be nounted with its air
opening (in the faceplate) facing upstream or downstream
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The rear surface of the faceplate of each adsorber cell may be
i ndependently clanped and sealed to the nounting frame at a mninmm
of four pressure points. Conmon bolting of adsorber cells is
acceptable in denil applications and is being used at CAMDS. For
ease of mintenance, the nounting franes of the wal k-in housings
should not extend nore than seven feet above the wal king surface.
4.1.3.3.4. Visual Inspection

The followi ng visual inspections should
be made of the adsorber cells before and after installation:

1. Adsorber

a. Dammge to or deterioration of shipping carton.
This is the first indication of shipping and/or
storage damage. If found, the enclosed adsorbers
should be closely exam ned for possible danage or
deterioration.

b. Damage to nedia, case, or gaskets.

¢c. Excessive carbon fines or |oose adsorbent.

d. Proper identification.

e. Adherence to specification requirenents.

2. Munting Frames

a. Squareness of nmenbers, flatness, and condition
of component seating surfaces.

b.  Continuous seal-weld between nenbers of frame and
between frame and housing.  (Sealant nust not be
used in these areas.)

c. Structural rigidity.

d. Dammge to frames.

3. Canping Devices

a. Proper adjustment (50 to 80% gasket conpression all
around; tighten if less).

b. Sufficient nunber of clanping points (at |east four

per adsorber) and adequate size to produce uniformty
of gasket conpression.
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¢c. Proper condition of clanping devices (e.g., all
nuts in place and tightened).

d. Adequate clearance between adsorbers to grasp them
and to tighten clanping devices on all sides.

e. High quality welds and freedom from cracks.
4.1.3.3.5. Changeout Frequency

Al'though the CAMDS adsorber banks are
instrumented with differential pressure gages, pressure drop is
not a factor in adsorber replacenent. The actual changeout of the
adsorber cells in the first bank is based upon readout of the agent
monitor |ocated between the two adsorber banks.

Refer to section 6.4 for additional information on adsorber
repl acenent.

4.1.3.3.6. Adsorbent

The adsorbent is the nmaterial in the
adsorber cells which remves gases or vapors from the airstreamto
prevent their escape into the atmosphere. Agent capture is acconplished
by physically retaining the gaseous nolecules or, if the adsorbent is
i npregnated, by chenical reaction, depending upon the type of chem cal
agent involved. The adsorbent shall be coal -base or coconut-base
activated carbon neeting the specifications listed bel ow

Speci fication Val ue Test Used
. . 25
| odi ne Number, M ni numnt 1,000 MIL-C-13724
Carbon Tetrachl oride Adsorption, 26
M nimum % Wi ght* 59 ASTM D2652
Ash, Maxi mum % 8.0 M L- C 13724
Total Volatiles (150°C = 50°C for 4.0 ML-C 13724
3 hours), %
Har dness Number, M ni mum 90 M L-C 13724
Apparent Density (Bulk Density, Dense
Packing), Mnimm g/cc 0. 48 M L-CG 13724
Packed Columm Test (To deternine 0.4 CSL in-house test plan

maxi mum total capacity of GB agent
retained on adsorbent), M ninmum
grans agent/grans adsorbent.

*Both of these tests are not required. The Carbon Tetrachl oride Adsorption
Test is preferred but the lodine Number Test may be run as an alternative.
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Particle Size (3-Mnute Shake Test): ASTM D2862* and ASTM
E323%.
Sieve Size Percent Ret ai ned
8 Mesh 0.5
8 x 12 Mesh 35-65
12 x 16 Mesh 35-65
16 Mesh (through) 1-5

Both coal -base and coconut-base activated carbons are used at
CAVMDS. The initial lots (no. EEG E36, and 63G were procured from
Westvaco (coal -base), while a later lot (no. 0906, Type 512) was
supplied by Barneby Cheney Co. (coconut-base).

Refer to Appendixes B and C for additional detailed infornation
pertaining to adsorbent technol ogy and general characteristics of
activated carbon, respectively.

4-89



M L- HDBK- 144

Downloaded from http://www.everyspec.com

4.2, Ventilation System Design Criteria

This section presents design criteria and guidelines for
planning the air-ventilation systemto be served by the filter/
adsorber system described earlier. Design information is provided

on hoods, ducts,

ot her pertinent

At this point,

airlocks, fans, danpers, ancillary equipment, and

factors.

based on CAMDS experience might be helpful.

1

2.

If the dem | operation is such that agent release at
| ow concentrations is likely in routine operations
and there is a possibility of high concentrations
under upset conditions, containment should be
provided by the follow ng techniques:

a.

Surround the area by a toxic enclosure. Entry to
and exit from the toxic enclosure should be through
a doubl e-door airlock with decontam nation shower.
The toxic enclosure should be constructed inside an
outer enclosure to prevent wind pressure from
bearing directly on the walls of the toxic enclosure.
A building with coverings on both the outside and
inside of the fram ng can simultaneously provide
outer and inner enclosures. The internal surfaces of
the toxic enclosure nmust be free from cracks or
crevices and be easily decontam nated.

Toxi ¢ encl osures should be ventilated with sufficient
airflow to provide at least 0.1 in. wg negative
pressure with respect to the atnosphere. The anount
of airflow required to obtain the specified

negative pressure depends on how well the building
is sealed; the greater the |eakage, the greater the
amount of ventilation required.

[f any operation within a toxic enclosure is likely
to produce relatively high vapor concentrations or
expose liquid agent, localized exhaust ventilation
must be provided to contain the contamination in
the smallest area possible.

If the operation is such that agent release even at

| ow concentrations is possible but unlikely, the area
shall be sufficiently ventilated to assure mninum
continuous airflow
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At CAMDS all toxic enclosures are within an outer enclosure that
protects against wind effects. The toxic enclosure areas (work roons)
are designed for 0.10 to 0.15 in. wy negative pressure. Actual
testing by AEHA indicated that at |least one area, the ECC, actually
maintained 0.3 in. wy negative pressure. Nohydraulic or pneumatic
mechani snms are required to open doors in any of the negative pressure
facilities of CAMS.

4.2.1. Hoods

There are three major types of exhaust hoods: (1)

encl osing hoods, (2) capturing hoods, and (3) receiving hoods. En-
cl osing hoods surround toxic-gas operations as conpletely as possible,
with openings limted to those needed to provide access to perform
the operation. Capturing hoods are shaped inlets designed to capture
contaminated air, while receiving hoods control processes that throw
a stream of contaminants in a specific direction. Receiving hoods
are normally not used for highly toxic materials and therefore are
not discussed here. Since local-exhaust systens require that hoods
retain or capture contam nants, hood design and location are critical
in making the ventilation system work properly.

4.2.1.1.  Encl osing Hoods

Contam nants are retained in enclosures by air
flowing through the openings. Face velocity is an inportant paraneter
inthis regard. The face velocity nust be adequate to prevent cross-
drafts or other room air currents from drawi ng contami nants out of
the hood. For chemical agents a mininum inward velocity of 150 fpm
is required. If enclosures are used to control processes where agent
is actively generated by heat or nechanical agitation, the openings
should be away from the path of contamnant travel, and the inward
face velocities should be 200 to 500 fpm Encl osur e openi nas shoul d
be located away from sources of crossdrafts which have a velocity
that mght exceed 20 percent of the hood-face velocity.

The quantity of air handled is calculated by nultiplying the
face velocity by the area of the openings, that is:

Q=VXA (1)
wher e:
= airflow volune, cfm

V = face velocity, fpm
A = area of hood opening, ft2

4-91



Downloaded from http://www.everyspec.com

M L- HDBK- 144

The nore conplete the enclosure, the nore economical and effective
the installation will be. Openings are kept to a mninmm by

provi ding access to the operation through glove ports and wi ndows for
observation. See figure 4-43.

Two other considerations in selecting airflow are: (1)
tenperature increase if a heat source is enclosed, and (2) naintaining
the concentration of conbustible gases or aerosols below the |ower

explosive limt (LEL). If air expands due to heat after it enters
the hood, a large volune,k of air nmust be exhausted to maintain the
face velocity selected. To calculate the flow necessary to naintain
concentration below LEL, use the fornula;
cubic feet of air (387) (100) (Q (2)
pounds of material evolved = (nolecular weight) (B)(LEL)
wher e:

o
1

safety factor representing excess air to dilute bel ow
LEL; usual value is 4.

collection factor for high tenperature
1 % 250°F

0.7 >250°F

Refer to reference 4 (pages 2-1 and 2-2) for background infor-
mation regarding the above formila.

4,2.1.2. Capturing Hoods

Capturing hoods are less effective than enclosing
hoods because control is easily disrupted by crossdrafts. They are
recomrended only when it is inpossible to enclose the operation.
Airflow through capturing hoods nmust be adequate to achieve the desired
capture velocity, and it nust be distributed over the entire zone into
which contaninant is being generated. To be effective, capturing hoods
nust be close to the operation serviced, within at least tw feet.*

For chemical agents, the capture velocity nust be at |east 150 fpm
and 200 to 500 fpmif agent is being actively generated. Airflow through
the hood is based on the capture velocity selected and the distance of the
hood from the operation. The equations used are listed in table |V-10.
Proper distribution of capture velocity is achieved by adding flanges, slots,
or splitter vanes, and by tapering the hood (see sidedraft and suspended
hoods shown in figure 4-44). Flanges inprove the efficiency of hoods by
causing air to be drawn nore fromthe front of the hood. Slots in a
pl enum chanber distribute air uniformy if (1) slot velocity is twce
pl enum velocity, and (2) slot width does not exceed 20 percent of slot
length. Splitter vanes channel airflow to different parts of the hood.

A gradual taper allows air to be drawn in fromthe entire hood face.
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Enclosing Hood
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Tabl e |V-10. Formulas For Calculating Airflow Through
Capturing Hoods
(Courtesy O Anerican Conference O
Governmental | ndustrial Hygienists)
HOOD TYPE DESCRIPTION ASPECT RATIO, ¥ AIR VOLUME
/
@ sLor 0.2 or less 0= 37LvX
& NG/ (Reference 38)
N FLANGED SLOT 0.2 or less Q=28LvX
.X J (Reference 38)
- ~

PLAIN OPENING

ond round

- n:l.l\\l'.‘l
= VIIUA TR/

(Reference 9)

0.2 or greater
ond round

0=0.75v(I0X%+A)

(Reference 9)

‘ \ H BOOTH To suit work Q= VA=VwH
-
& 0:1.4PDV
AANNDY To suit work gie_.qilngo saan ke
W UMNIYUIr T f’-pe’”’lc]c! Ui WU n
-~ T ID D= height above work
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Figure 4-44. Principles O Mnifold Design For Capturing Hoods
(Courtesy O Anerican Conference OF Governnental Industrial Hygienists)
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The included taper angle should be about 30° but not greater than 60°.
See reference 4 for a nore extensive discussion of capturing hoods.

4.2.2. Duct Design

This section outlines a nethod for designing the ductwork
for air-ventilation systems. The first step is to lay out those
operations to be locally exhausted and those areas that require general
exhaust ventilation, then develop data on each hood as to airflow
requirenents, entry loss, mninum duct velocity, and the negative
pressure to be maintained in regulated areas. Hood entry |oss has two
conponent s: (1) acceleration loss and (2) turbulence loss (figure
4-45) | The acceleration loss is equal to the velocity pressure of the
air stream when it reaches duct velocity. Velocity pressure is
cal cul ated using the equation:

2

[V
vE _(4005 (3)
wher e:
VP = velocity pressure, in. wg
V = air velocity in duct, fpm

Duct velocity is established by sizing the duct (V "QA) in accord-
ance with reference 4. Systens that handle dusts or mists require

a mninum transport velocity to prevent material from settling in the
ducts .  Reference 4 provides mninum duct velocities for many materials.
For systems that handle gases, duct velocities between 2,000 and

3,000 fpm are usually selected as a conpronise between construction
costs and fan operating costs (i.e., relative to the AP seen by the fan).
Since vapor contamnation is the main problem at CAMDS, a transport
velocity of 1,800 to 2,000 fpm was established as a design criterion.
Turbul ence | osses encountered by air as it enters the hood and other
system conponents are a function of velocity and directly proportional
to velocity pressure. Hood entry loss factors are listed in reference
4.

The duct system consists of a nunmber of branch ducts connected to
the main duct for conveying the air fromthe hoods to the filter when
| ocal exhaust ventilation is used. Wen general ventilation is used,
the duct system consists of branch ducts connected to a main duct for
conveying the air fromdifferent sectors of an area to the filter.
There are basically two types of duct systems: (1) balanced system with-
out blast gates, and (2) balanced system with blast gates.
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The first system involves a procedure for achieving the desired
airflow without the use of dampers or blast gates. In this type of design,
cal cul ations begin at the branch of greatest resistance and proceed from
branch-to-nmain and section-of-nmain to section-of-main, on to the filter.

At each point of juncture of two air streans, the static pressure
necessary to achieve desired flow in one stream nust natch the static
pressure in the joining air stream This condition exists in any
operating system but if the branches are not in theoretical (calculated)
bal ance, the desired airflows nmay not be achieved. Static pressures are
bal anced at the desired flow rates by the choice of suitable pipe sizes

el bow radii, etc

The second duct system on the other hand, depends on the use of bl ast
gates (bal ancing danpers), which are adjusted after installation to achieve
the desired airflow in each branch. The calculation procedure for this
method al so begins at the branch of greatest resistance. Pressure drops
are calculated through the branch and through the various sections of
the main duct up to the filter. At each section of the main where another
branch or submain joins, the desired volume of that added flow is added
to the flowin the main. No attenpt is made to balance the static pressure
in the joining stream The joining branches are merely sized to give the
desired mnimm transport velocity at the desired airflow

After determining the type of systemto be used (i.e., blast-gate
bal ance or static-pressure balance), the static-pressure |osses through
the branch of greatest resistance are calculated for the system This
information provides the basis for choosing the proper fan. (See section
4.2.4.)

The two nethods for calculating static pressure in a duct system
are: (1) the equival ent-foot method and (2) the vel ocity-pressure
nmet hod. If the equivalent-foot method is used, the entry loss of the hood
or duct opening is determned using the volume which is required to provide
adequate capture velocity, adequate duct-transport velocity, or acceptable
volumes of air for general ventilation.

Equivalent-Foot Method (4)
hy = Fh x vpP

wher e:
e = entry loss, in. wg

h = entry loss factor 2

- : . [ v
VP = velocity pressure in duct <;005
V = air velocity in duct, fpm
Q/A, where Q = volume exhausted, cfm
A = area of duct, ft.
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The duct area (A), or pipe dianeter, may be changed as required
so that desired transport velocities are maintained. F, nay be obtained
fromfigure 4-45. After determining VP and F,,, the total length of
straight pipe (ft(s)) in the systemis determ'ned. Using figure 6-11 of
reference 4, the number of equivalent feet of duct (ft(eq)) which
corresponds to the el bows, angles, and entries in the systemis obtained.
Using figures 6-15A and 6-15B of reference 4 to convert feet of ductwork

into functional |oss, the static-pressure equivalent corresponding to
ft(s) + ft(eq) can be found, where:

ft(s) T ft(eq) = SP(ft) (5)
The static pressure upstream of the fan is found by the equation:

VP + h_ + SP(ft) = total static pressure at inlet of fan (6)

By calculating the loss for each branch, sizing the ductwork to
increase or decrease the resistance, and changing the radii of elbows
and the angle of entries, a balanced system can be designed.

Vel ocity Pressure Method:

The velocity pressure nethod is an alternate method of duct design.
It is based on the fact that all functional and dynamic |osses in
exhaust ducts and hoods are directly proportional to the velocity
pressure. Loss factors for hoods, straight ducts, elbows, branch entries,
and other fittings are recognized and are established in terns of

velocity pressure. (See figures 6-12 and 6-13 of reference 4.) This
concept assures that all duct branches have sinilar pressure |osses.

Either of these approaches provides an adequate method for
determining the pressure loss required for proper fan selection.

Addi tional duct design factors to be considered include: 7

1. Ductwork nust be airtight to prevent escape of contanination
in case negative pressure is |ost. Gage, nunber, and size
of reinforcements depend on pressure in duct. Al seans
and transverse joints should be welded, with, insofar as
possi ble, the mnimm nunber of conpanion-flange gasketed
joints necessary for erection and dismantling. Gasketing
between all welded joints nust be 1/4 in. mninmm
t hi ckness to provide sealing.

2. Elbows and angles should have a centerline radius of at
| east two pipe dianmeters.

3. Use straight-through designs whenever possible.
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Transitions in mains and submains should be tapered; taper
at least five in. long for each one-in. change in diameter.

Al branches should enter the main at the large end of
a transition section and at an angle not to exceed 45°;
a 30° angle is preferred.

Connect branches only to the top or sides of the main
duct with no two branches entering diametrically
opposi te each other.

Provide sufficient support so as to place no load on
the connecting equi pnent> hoods, etc.

Provide six-in. mninmm clearance between ducts and
ceiling, wall, or floors.

When bl ast gates are used for adjustment purposes,
they should be placed near the juncture O the branch
and main. Danpers should be provided with a means of
| ocking after adjustnents have been nade.

Use round duct whenever possible; in conparison wth
rectangul ar duct, it (a) is stronger under negative
pressure, (b) provides more uniformairflow, and (c) is
easier to join in a |eaktight manner. Use rectangul ar
ducts only when the available clearance prevents the
use of round ducts.

Protect exterior of ductwork by painting if |ocated
out doors.

Following are some of the specification requirements applicable
to the CAMDS ductwork:

1

Material - Duct is made of carbon steel, 18 gage
mninmum (16 gage mninumif field welded).

Design and Construction - Al longitudinal seans and
transverse joints are welded except that sufficient
conmpani on-angl e transverse joints are provided for
ease of erection and disassenbly. Al welds are made
using procedures and operators qualified in accordance
wi th Governnent-approved specifications. (See

Appendi x D.)
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3. Tranverse Joints - Gaskets of mechanical transverse
joints are at least 1/4 in. thick, flange wde, of
30-40 Duroneter Shore A neoprene material, and neet
ei ther ASTM D1056° (Grade SCE45) or ASTM D1330.*
CGasket seating surfaces are snooth (32-64 mcroinch
arithmetic average in accordance with ANSI B46.1%)
and flat within 1/32 in. per foot total indicator
reading (TIR).

4, Painting - Ducts are painted on all exterior surfaces
wi th Rowe Epoloid epoxy paint to prevent corrosion and to
sinplify decontam nation. (See section 4.1.2.8.)

5. Sizing - Gage and reinforcement of ventilation ductwork
is sized for a mninum negative pressure of 1.0 in. wg
at the filter inlet and a mninum velocity of 1,800 fpm
The duct pressure, for design purposes, should be considered
to be no less than the cut-off pressure mnus 3.4 in. wg.
Since no contam nated particulate matter will be generated
by any of the dem | processes, an air velocity of 1,800 fpm
is considered sufficient to prevent aerosol or vapor from
settling out. The ductwork at CAMDS was sized for flows
between 1,800 and 2,000 fpm except for two noncritical areas.
The airflow was so low in these two areas that extremely
smal | dianeter ductwork (three in. ID or less) would be
required to achieve the desired velocity. This size was
consi dered undesirable.

4.2.3. Airlock Design

Airlocks are included in the ventilation systemto
assure that no agent-contam nated air mgrates back into nonregul ated
areas. The volume of air (Q that should be supplied to an airlock is
determned by nultiplying the area of the entrance door (Ad) by 100
fpm i.e., Qin CGm= Ad x 100 fpm The resulting airflow is sufficient
to provide a velocity of 100 fpm when the door to the regulated area is
opened. In addition to naintaining airflow into the regulated area, the
ventilation-system design nust assure airflow into the airlock when the
door to the clean area is opened. Refer to figure 4-46 for clarification.
Dependi ng upon the |ocation of the airlock, i.e., whether it opens to the
outside, alternate designs may be considered.
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An alternate method involves supplying tenpered air to the airlock
in accordance wth above equation Q = Ad x 100 fpmto assure inward
flow into the regulated area. For this purpose, a properly designed and
sized danper nust be provided between the airlock and the contam nated
area. Proper sizing is required to allow the calculated volune of air
to enter the regulated area and maintain the desired static pressure.
(The airlock itself is under negative pressure.) The damper nay be
pneumatically or hydraulically controlled so that when the door to the
regul ated area is closed, air passes through the danper and the desired
differential pressure is thus naintained

When the access door to the regulated area is opened, the danper closes
automatically and all air is drawn through the opened door. To ensure there
is no mgration to the outside, the supply duct nust be dampered. This
danmper is pneumatically or hydraulically controlled so that when the out-
side door is opened, the supply damper closes. This should allow sufficient
air volume to maintain an inward velocity of approximtely 100 fpm through
t he outside door.

Another method is to place the danper in an outside wall, i.e.
between the airlock and anbient air. A danper nust also be placed in
the wall between the airlock and the regulated area. Air for confort
ventilation rmust also be supplied. In nmost instances this is a snall
portion of the air supplied to the airlock. In this configuration the
outside danper inlet has no air-tenpering capability, which could be
of inportance if this danper opens directly to the outside and extrenme
tenmperatures are encountered. The danpers are operated either
penumatically or hydraulically and controlled by switches on the doors

The air inlet does not require danpering unless flow through it is
| arge conpared to the total flow required. Wien the outside door is
opened, the danper to the regulated area should open and then return to
the normal position when the door is closed. Upon opening the door
to the regulated area, the danper on the outside wall should open and then
return to the normal operating position when the door is closed

Ei ther of the nethods described above may be used to provide
sufficient flow and the required negative pressures in the airlock.
Al though other designs may be used, care nust be taken to ensure that
the velocity of air into the regulated area is approximately 100 fpm
Al though this value is less than the prescribed 150-fpminward velocity
recomended for openings into regulated area, a lower value is
al l owabl e for personnel doors because the liklihood of crossdrafts
affecting inward velocity is decreased in the airlock. In addition, the
total area of a door opening is sel dom experienced since personnel open
the door only wide enough to enter, thereby resulting in an inward
velocity greater than 100 fpm  Cbservations and tests perforned on
portions of the CAMDS system have indicated that use of the 100-fpm
velocity design criteria results in an adequate airflow to prevent agent
m gration.
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Sone airlock designs may require mechanically assisted opening
devi ces because of the differential pressures, but these are not required
at CAMDS. An energency exit fromthe regulated area should be provided
to ensure that personnel cannot be trapped inside should the opening
nmechani sns fail on the airlock doors. Emergency exits do not require
airlocks but provisions to prevent unauthorized entry should be nade

4.2. 4, Fan Sel ection

Fan speed is directly proportional to the volune of airflow
in the system The total pressure and static pressure in the system
vary as the square of the fan speed. Fan power requirements are pro-
portional to the cube of the fan speed

Fan size is specified by volumetric flowrate and fan static
pressure. The volunetric flow rate is calculated by totaling the indivi-
dual airflows necessary to operate the |ocal exhaust hoods, balance the
ductwork, and provide general exhaust ventilation. Fan static pressure
(SPfan) is calculated by the general equation,

S

= gp = SP. = W (6)

Pfan outlet ~ ~inlet inl et

wher e;

Spoutlet = static pressure in in. wy neasured at fan outlet.

It is always positive and can be calculated by
totaling losses due to friction in exhaust stack
and turbulence in el bows.

SPinlet = static pressure in in. wg measured at fan inlet.

It is always negative and can be cal cul ated by
totaling losses due to negative pressure in

regul ated areas, acceleration of air into hoods
turbul ence in hoods, elbows, branches, and entries
and friction in ductwork and filters

VPinl et

velocity pressure in in. wy measured at fan inlets
It is always positive and can be cal cul ated using
a variation of equation (3) in section 4.2.2.

2
- Vinlet (7)
EAOOS

Vinlet = duct velocity at fan inlet, in fpm

wher e:
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The actual selection of fan size and speed is usually made from
a fan rating table published by the fan manufacturer. It shows the
performance of a particular fan over the entire range of pressures
and speeds at which the fan is capable of operating. Straight |ine
interpolation can be used if the desired volume and pressures are
not listed in the table. Fan tables are based on the manufacturer’s
test data, which is collected under standard conditions. St andard
air has a density of 0.075 Ib/ft’ when air density varies significantly
fromthis value corrections have to be made. For design purposes
corrections should be nade if the facility will be |located where the
altitude is nmore than 1,000 ft above sea level, or if the tenperature
of air handled will normally be less than 40°F or greater than 100°F.*

The volume of air handled by a fan at a given rotational speed
remains relatively constant; however, as the density changes the mass
flow rate changes, causing the static pressure and power requirenments
also to change. Correction can be made by nultiplying the calculated
fan static pressure by a density correction factor before entering
the fan rating table. Density correction factors nay be obtained
fromreference 4 or calculated using the equation,

d
Density factor = actual

astandar:d (8)
wher e

d = density of air

The fan should be located outside the contam nated area and as
close to the discharge stack as possible. The air cleaning systemis
on the suction side of the fan and al so outside the work area. Exhaust
stack discharge nust not be located near air intakes (see section
4.1.2.13)
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4.2.5. Darrpers7

Danpers are the valves of the air cleaning and ventilation
system By definition®, a danper is any device that controls pressure,
direction, or volume of airflow in a ventilation system including
those itens nornally classed as valves when used in piping systens.
Cear, concise specifications must be established for nechanical
strength, for |eakage rate at maxi mum operating conditions, and for

the ability to perform under required operational and emergency con-
ditions.

Qperability of linkages nust be assured through specification of
and requirenent for cycling at mininum torque requirenents under
full load. Static testing of closed danmpers should be required to
verify strength and |eaktightness for use in critical applications.
Al features inportant to proper operation should be stipulated in
detail, including nmaterials of construction, pernmissible lubricants,
bearings, blade design and edgings (if pernmitted), blade Iocking
mechani snms, supports, operator type and capability, and accessibility
of operator, I|inkages, blades, and bearings for maintenance.

Qher factors to be considered in the design of danpers for
dem | applications include function of danper; type of construction;
di mensions and space limtations; pressure drop across closed
danper; normal blade operating position; method of nounting danper;
bl ade orientation relative to damper case; operator type and power
source; seismic requirements; requirements for position indicator,
limt switches, and other appurtenances; configuration of danper;
perm ssible |eakage through closed danper; space required for service;
airstream tenperature range, orientation of danper in duct; direction
of airflow, failure node and blade position; maxinum closing and
opening times; and nethod of shaft sealing. (See section 5.3 of
reference 7.)

In conventional ventilation applications, procurenment of danpers
is generally acconplished by specifying little more than a nanufacturer’s
make and nodel nunber “or approved equal.” This practice, however, is
i nadequate for chemical and other potentially high-risk applications.
Therefore, a nethod of danper specification based on classification
of inportant features has been developed and is included in reference
7. The classification enables the designer to make a rational
sel ection of danpers, independent of manufacturer’s nake and nodel
nunber, for a specific application. A though the classification was
witten for use in nuclear applications, it is nevertheless the best
summation of danper information currently available. In fact it
served as the basis for the CAMDS ventilation specification,“to

whi ch the danmper designer is also referred.

See also section 5.3 regarding danpers.
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4.2.6. Automatic Control s7

Automatic control of the ventilation system is desirable,
if not nandatory, when rapid response is required to variations in
system control paraneters, nalfunctions, or operational upsets. To
maintain the differential pressures necessary for directional control
of airflow, many ventilation systems require continuous fan operation
and imediate switching to an alternate fan (or filter housing as
in the case of CAMDS) in the event of an energency or failure of the
fan or its power supply.

Automatic control is also desirable because of the shortcom ngs
of human nature. Despite the best procedures and administrative
controls, operational personnel will, in nmany cases, be primrily
concerned with performance of day-to-day duties relating to the function
of the facility with little more than nininal attention to proper
operation of the ventilation system In any energency, the first
reaction of many may be to leave rather than stay in a potentially
dangerous area to nmake the adjustments necessary for a manually
controlled system

On the other hand, automatic control is expensive and, in sone
applications (nuclear), has denpnstrated serious shortcomngs in
reliability. Features considered essential to the reliability of
an automatic control system for chemcal dem | operations include
(1) design by conpetent instrunment engineers; (2) use of conponents
of known reliability; (3) availability of skilled and conpetent
technicians for servicing instruments; and (4) ‘careful evaluation of
modi fications to the ventilation system with respect to their
effect on the automatic control system and vice versa.

The usual control procedure for an exhaust systemis to maintain
constant airflow and monitor pressure, as well as airflow, to ensure
safe operation. Control linits for safe operation are determned in
the design stage, and the systemis operated within these linmts. Any
modi fication of the ventilation system requires a reevaluation of the
control limts and, for automatic control systens, an evaluation of
the change on the control system In considering the consequences of
certain system failures or catastrophes (such as fire, earthquake,
tornado, or flooding), factors to be taken into account should include
(1) control system design, (2) instrumentation selection and |ocation,
and (3) actuating-line location and installation. The types of
failures to be prepared for should include such things as (1) single-
component failure, (2) single-system failure, (3) ventilation system
deterioration or failure, and (4) power failure (electrical, pneumatic,
etc.).
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At CAMDS, the chief exanple of automatic control is the pneu-
matically operated danper through which air enters a potentially
contami nated area. These danpers are designed to close if theAP
between the contaminated area and the area surrounding it drops
below a preset level of 0.05 in. wy; also, as a safety feature, these
dampers fail-close if the conpressed air supply or electrical power
is lost. Athough the normal AP is at least 0.1 in. wy, the value
of 0.05 in. wyg was selected to allow for pressure fluctuations due
to door openings and still provide sufficient negative pressure to
preclude the outward flow of contam nated air.

A Photohelic gage with a single set-point is used to send a
signal when a low static—pressure condition exists. The only differences
between this gage and those used to control the airflow are: (1) the
dials on the latter gages are calibrated with two set-points represent-
ing the lower and upper airflow linits, and (2) the scale is in cfm
instead of in. wg.

The status of the filters and the positions of the isolation
danmpers at CAMDS are nonitored on the control room console shown in
figure 4-47.

4.2.7. Makeup Air

Makeup air is required to replace the large volunes of air
exhausted by hoods and the general building exhaust system  The supply
of makeup air must permt the control of building pressure and of
airflow from space to space. The operation of |ocal exhaust hoods con-
tributes to general building exhaust for heat control. After the anount
of airflow needed to remove heat has been determined, it should be conpared
to the amount of air being exhausted by the hoods, with the larger of the
two being the amount of makeup air that must be added.

Air-supply inlets should be located away from | ocal exhaust hoods

and general exhaust outlets. Crossdrafts caused by supply inlets

can interfere with contam nant control at l|ocal exhaust hoods. The
ef fectiveness of general room ventilation for heat control wll be
reduced if airflow is short circuited by placing inlets and outlets
close together. In regulated areas air has to be supplied through
danmpers that maintain desired negative pressure in the regulated

area over a range of flows from near zero to the flow selected.

4.2.8. Heat Control

In case of excessive heat and/or humdity, exhaust venti-
lation may be used if a source of cooler air is available. In order to
arrive at the air volumes required, it is necessary to estimate the
summation of all sources of both sensible and |atent heat, as well as
to determine in advance the tenperature rise or hunmidity rise which wll
be acceptable. The volune of air (Q)required for sensible heat control
may be estimated from the equation.:
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_ Total BTU/hr.
Q in efm = 7758 x Temp. rise (OF) (9)
The total BTU s per hour represents the sensible heat released in
terns of sun load, lights, and notors. Personnel heat |oad and hot
processes are part sensible and part latent, and it is necessary to
estimate the amounts or percentages of each. In the mpjority of

cases the sensible heat load far exceeds the |latent heat load so that
the design can be calculated only on the basis of sensible heat.*If
| atent heat |oads are high, calculations should also be made to
determ ne which heat source requires the higher quantity of air.

In certain hot-process applications, such as furnaces, it is
unnecessary and inpractical to attenpt to control the heat from the
process by ventilation. If the operation is such that renote control
is possible, an air-conditioned booth or cab may be necessary to keep
the operators reasonably confortable in an otherw se intolerable
at nosphere. *

In nost cases, outside air is supplied in the winter nonths at
or slightly above desired work-area tenperatures, and during the
summer at whatever outdoor tenperature is available. The distribution
of the air within an enclosure is vitally inportant in order to
maintain satisfactory environmental conditions for the personnel in
the work area. The hourly and yearly costs for the air thus provided
may be calculated as foll ows:

Hourly cost = 0.001 x CN x C

q (10)
Yearly cost = 0.154 z Dxdg xC (11)

wher e;

air volume, cfm

required heat, BTU/hr/1,000 cfm (figure 4-48 and table IV-11)
operating time, hours/week

availabie heat per unit of fuel (table iIV-12)

g = annual degree days (table IV-13)

= cost of fuel, $/unit

nmuon

Q
N
D
q
d
c

*See “TLVs Threshold Linit Values for Chem cal Substances and
Physical Agents in the Wrkroom Environment with Intended Changes

for 1977" (reference 45) for guidance in determ ning heat stress
requirenents.

4-110



Downloaded from http://www.everyspec.com

M L- HDBK- 144

(7 @ousl133ay wWoad polIdBIIXF) (nBAANg JayjeaM 'S ‘[l £839311Ino))
-A19alsniou]l ‘Aaeniqai o] J9quaoa( ‘ssanjeisdws] 123UIM 98eBIIAY

"gy-4 2an31d

T S T T

$ivm 40 P

S3LVIS Q3LINN

4-111



Downloaded from http://www.everyspec.com

M L- HDBK- 144
Table |V-11. Required Heat Versus Average Qutside
Al r Tenperature
(Courtesy O American Conference O
Governmental Industrial Hygienists)
Average Outside N, Required Heat o
Air Temperature (BTU/hr/1000 cfm at 70 F)
(°F)
0 75,500
5 70,000
10 65,000
15 59,500
20 54,000
25 48,500
30 43,000
35 38,000
40 32,500
45 27,000
50 21,500
55 16,000
60 11,000
65 5,500
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Table 1V-12. Avail able Heat Per Unit O Fuel
(Courtesy OF American Conference O
Governmental Industrial Hygienists)
BTU Per Efficiency A;;EI;Zie
Fuel Unit (A)  Unit q
Coal 12,000/1b. 50 6,000
0il 142,000/gal 75 106, 500
Gas:
(a) Heat 1,000/ft> 80 800
Exchanger :
(b) Direct 1,000/£t> 90 900
Fired
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4.2.9. Redundancy and Safety Features

The CAMDS ventilation system provides multiple small filter
units. For a mniml additional expense, extra sections of ductwork were
incorporated into the design to join adjacent filter units to provide
paral l el redundancy. An isolation danmper was installed in each branch
to control the airflow  The exterior ductwork and |ocations of
i sol ation danpers at CAMDS are shown schematically in figure 4-49
Figures 4-50 and 4-51 show sections of ductwork containing these
i sol ation danpers

The isolation danmpers at CAMDS are high-quality, manually-operated
(by pull chain) butterfly valves. A set of limt switches is attached
to each danmper to provide a signal to the control room indicating the
position of the danper (either full-open or full-closed). Under norma
conditions, the isolation danmper between the ventilated area and the
filter unit is full-open while all other adjacent isolation danmpers are
full-closed. Since these danpers are |eaktight, each filter ventilates
only its designated area with no effect on the ventilated area of any
other filter unit.

If a filter fails, however, operating personnel can open and close
various danpers to enable a second filter unit to pull some or all of
the needed airflow from the ventilated area designed to be serviced by
the failed filter unit.

For CAMDS it was decided that nmanual danpers are more reliable
than automatically-operated pneumatic danpers. |f the conpressed-
air supply is lost, the latter type danpers cannot function.
I nst ant aneous swi tchover is not essential. In a well-designed |eaktight
area such as the PPD shroud, the inlet danmpers to the contam nated area
close when airflow is lost. These inlet danpers fail in the closed
position due to | oss of power or conpressed air and close if AP between
the contam nated and outside areas drops below a preset value (see
section 4.2.6.). Since these danpers close quickly and are essentially
| eaktight, sone negative pressure is retained in the affected
contam nated area(s) for several mnutes

As stated in section 3.4, the filter system design should
incorporate both series and parallel redundancy. Since tota
redundancy (i.e., both series and parallel) is extremely expensive
the degree of redundancy provided usually becones a tradeoff between
cost and risk. The devel opnent of alarm and energency procedures and
a thorough training in these procedures are essential
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Cont inued Code:

at point F = Filter
$ in Fig. D = Damper
c

Note: Dampers
D3 and D4 are
shown in Figure
4=-51.

a. Filter no. 6 at ECC and Filter mo. 7 at DEA | 4 = piy4e; no. 24 at ETS and Filter no, 2B at PPD

Continued at
point @ in

C Fig. e.

Continued at
point § in Fig. b.

c., Filter no. 3 at UPA d. Filter no. & at BIF

|

Continued at D
point o in Eig. d.

e.
Filter no. S at MPF and Filter no. 8 at PDF OucpucI f. Filtersno. 9 and no. 10, both at ADS

Figure 4-49. Location of Redundant Ductwork Containing Isolation Danpers At CAMDS

(Note: Refer To Figure 4-15 For CAMDS Layout Showing Location O Filter Systens)
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NO-LOSS EXHAUST
STACK DESIGN

iSOLATION DAMPER (D3
IN FIGURE 4-49b) AS SEEN
FROM SIDE CONTAINING
LIMIT SWITCHES

ISOLATION DAMPER (D4
IN FIGURE 4-49b) AS SEEN
FROM SIDE CONTAINING
LIMIT SWITCHES

DUCTWORK .INTER -
CONNECTED TO UPA

Figure 4-51. Type | Filter System (2,000 Cfnm) For Explosive
Treatnent System At CAMDS Show ng
| solation Danpers And Interconnecting Ductwork
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The CAMDS filter systens were not designed to nmeet fully either
series or parallel redundancy requirements. Although these filter
systens do contain two adsorber banks in series with agent nonitors
in between, true series redundancy is not realized because neither one
of the adsorber banks is guaranteed to provide nore than a 10°
reduction in concentration, whereas a 10°reduction is needed to neet
the emission standards under the initially estinmated worst-case
chal l enge condition (see section 4.1.1.3.2).

Even though a 10°reduction is the maxi mum that can now be
guaranteed for each bank, the actual reduction capability is probably
significantly better. The 10'reduction figure is based on the
sensitivity of the freon leak test of the adsorber cell; if the state
of the art for portable freon nmeasuring equi pment were to inprove, it is
concei vabl e that an order of magnitude of one to two times higher could
be measured.

Al but two of the 12 CAMDS filter systens are connected in
parallel with another system The two systems not connected in parallel
ventilate the PSC change area and nedical nodul e where the amount of
contami nation present, if any, is mnimal. Even though the other filter
systens are parallel with at |east one other filter system none
neet the basic criteria of a conplete parallel systemas defined in
section 3. 4.

Each of the CAMDS filter systems exhausts a specific area. In a
true parallel redundant system if the prinmary filter fails, the backup
(parallel unit) starts up, At CAMDS, the specific action taken
depends on the conditions at the time of the incident. For exanple,
if filter Afails, filter B by adjusting certain danpers nay be nade
to pull exclusively fromthe area that filter A was pulling. However,
it is likely that when filter A fails, some contanmination may be present
in the area served by filter B. It may be decided then to adjust the
danmper to enable filter B to pull partially from both areas A and B.
There is one area at CAMDS where three filter units are interconnected,*
so that if one fails several possible adjustments can be made, depending
on the type and quantity of toxic materials in each area.

The function of the CAMDS parallel systemis not to switch filters
and continue operations as in a truly parallel system but to naintain
sufficient negative pressure in all areas to assure no outward |eakage
of contamination while an orderly shutdown, including decontanination
if necessary, takes place, Once shutdown is conplete, the defective
filter systemis serviced. Normal operations resune only when all
filter systems are fully operational.

*FiTters no. 4, 5 and 8 in figure 4-15.
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The function of the CAMDS parallel systemis not to switch filters
and continue operations as in a truly parallel system but to maintain
sufficient negative pressure in all areas to assure no outward |eakage
of contam nation while an orderly shutdown, including decontanination
if necessary, takes place. Once shutdown is conplete the defective
filter systemis serviced, and normal operations resune only when all
filter systens are fully operational.

4-120



Downloaded from http://www.everyspec.com

M L- HDBK- 144

5. OPERATI ONAL CONSI DERATI ONS
5. 1. Controls and Instrunentation

5.1.1. Controls7

Monitoring and control of all but the most sinple filtering/
ventilation facilities are desirable in both automatically controlled
and manual ly controlled systems. Mbst changes that take place in a high-
efficiency air cleaning system usually occur very slowy and can be
monitored by a routine check of negative pressure, differential pressure
and airflow by operating personnel who are prinarily responsible for
other functions in the plant. Abnornmal conditions are best signaled by
an alarm which triggers when a nonitored parameter rises above or falls
bel ow some predetermned set point. A centralized control systemis
preferable for this operation in that it has the advantage that such
readings can be nade, the effect of changes to the monitored paraneters
can be determned, and corrective action can be taken without a trip
tothe field. However, sufficient local instrunents at the point of
interest should also be provided to facilitate maintenance and
inspection and to provide a check on the central instrumentation.

Centralized control, particularly if instruments and control
switches (e.g., for fans and danpers) are laid out on a graphic
di splay panel, enables the operator (1) to rapidly assess a situation,
(2) to determne the cause of an upset condition, (3) to determne its
interaction with other systens and its safety ramfications, and (4) to
take rapid action when necessary. (See figure 4-47.) The system
response to corrective action can be nonitored, reassessed, and nodi-
fied in mnimumtime without requiring personnel to enter potentially
contam nated areas. Centralization of control also provides a focal
point where operational information can be processed under nornal
operating conditions for feedback purposes, and where know edgeabl e
personnel can be contacted in an energency.

5.1.2. [ nstrunent ati on T

Safe and reliable operation of a filtration/ventilation
system whether automatically or manually controlled, requires
instruments to nonitor critical operating parameters. At a mninmum
such instrumentation should neasure pressure drop across each individual
bank of filters (not just a single instrunent to read pressure drop
across the total filtration system) and total airflow exhausted through
the filter system Pressures in critical operating areas of the
facility and differential pressures between areas of different potential
contam nations may al so have to be nonitored.
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The principal requisite for locating instruments is accessibility.
An instrument that is out of easy reach or is not easily readable
will not be maintained or used. Instruments should be |ocated at
eye level or only slightly above or below  Panel nounts should be

provided for fragile itens and those requiring service entry from the
rear.

Instrunents that are adversely affected by vibration, particularly
those with delicate electrical contacts or springs, should be installed
on vibration isolators or on panels that are mounted on vibration
isolators. \here stable support is not available, the panel should be
mounted nearby or renotely on its own standard. (See figure 4-4.)
Instrunents with related functions should be grouped on a single panel
or adjacent to one another so that operators can correlate related
readings, such as pressure drop across filters and airflow in the
ducts, without going to several |ocations. (See figure 4-28.)

Critical ventilation systenms that cannot be permtted to fail or
to be misunderstood (because of erroneous instrument readings) nay
be fitted with redundant instrunentation for certain critical paranmeters.
Redundant instruments nust be totally independent so that failure of

one, froma cause either internal or external to the instrunent
ventilation system cannot affect the other.

Installation of instruments out-of-doors should be avoided when
possible but not at the expense of decreased sensitivity, reliability,
or inaccessibility. Wen located outside, instruments nust be protected
fromthe weather. Indicating fluids in manoneters nust be of a type
that do not freeze or boil at the tenperatures occurring at the site.
Plastic instrunents, instrument cases, and instrument cover glasses
should not be used in outdoor installations because of crazing and/or
di scoloration of the plastic. (See section 4.1.2.12.5.) Raintight
el ectrical cabinets, NEMA class 3, are recommended; NEMA class 4 (water-
tight) or class 12 also provide acceptable protection if NEMA class 3
is not avail able.

In | owhazard areas where easy access is possible, the require-
ment for pressure drop and airflow readings for sinple, noncritical
systens can often be nmet by providing for tenporary attachment of
portable instruments. For pressure drop readings, a length of
tubing can be attached to the pressure taps or inserted through hol es
in the sanpling ports. A hand-held pitot tube may also be inserted,
if desired, through a suitable sanpling port in the duct. For
critical systens, however, permanently installed instruments nust be
provided in accessible |ocations as close to the nonitoring point as
practicabl e.
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Actuating fluid (e.g., instrunent air) and sensing lines should
be large enough so that they cannot become plugged due to freezing of
condensed water which may collect in them or from contam nants that
inadvertently get into the lines. Sensing lines should be kept as
short as possible to mininize the tine response to paraneter changes,
and they should have a mininum nunber of bends and no flow restrictions.
Sensing lines should be rigid to prevent expansion under pressure or
tenperature extremes that could result in false readings or nultiple
short-term paranmeter variations. Preferably, 1lines should be run
and instrunents |ocated above the ducts to mininize condensation
probl ens. Because such locations are often inpossible, as a mninmm
lines should be sloped to low points fitted with drip legs and the
instruments thenselves also fitted with drip |egs.

Sensing lines located in or serving contaninated spaces or
spaces containing corrosive fumes should be made of stainless steel.
Instrunents should be isolated from contam nated spaces so that
mgration of such contamnants to the instrunent is mnimzed. In
particularly critical applications, a very-lowvelocity purge line
may be attached to the actuating fluid or sensing line; the purge
flow must be very low, of course, to avoid influencing operation of the
device or affecting its readings.

See sections 4.1.2.5, 4.1.2.6, and 4.1.2.12 for a discussion of
instrumentation as applicable to CAMDS.

5.2.  Agent Mbnitoring Equi pnent
5.2.1.  General

Agent monitors perform two primary functions: (1) provide
i medi ate warning of hazardous situations, and (2) measure |owlevel
concentrations of agent (stack enmissions and working area standards)
to guard against cumulative effects over an extended period of tine.
To nmeet these requirements, relative to GB and VX, a system of dual
detectors is used in each filter system An automatic agent nonitor/
detector with fast response time warns of hazardous situations, while
a bubbl er absorption system collects sanples which are analyzed in a
| aboratory for |owlevel agent concentrations. The sensitivities
and response tines of the two nmonitoring systens currently in use for
this purpose - MB detector alarm and bubblers - are shown in Table
V-1.  These devices may be housed, as at CAMDS, in a shelter
i medi ately adjacent to each filter housing (see figure 5-1).
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Al though a suitable fast-response nonitor - similar to the M
det ect or is not now available for use with the nmustard agents, such a
device is being developed. |n addition, more sophisticated equi pnent
offering greater sensitivity and/or faster response times with GB and
VX are presently being eval uated.

Brief descriptions of the MB detector
system fol | ow.

and bubbl er absorption

Table V-1. Sensitivity and Response Tinme O Available Agent Detectors
For Use In Filter Systens
Sensitivity (a)

GB Detectors gmg/m32 Response Time
MB Al arm 0.2 1 mn
Bubbl ers 0. 0001 2 hrs
Bubbl ers 0. 000003 13 hrs
VX Detectors
MB Al arm 0.4 3 mn
Bubbl ers 0. 00001 2 hrs
Bubbl ers 0. 0000003 13 hrs
Mustard Detectors
Bubbl ers 0. 003 2 hrs

(a)

Response tines for

remaining time for sampling.

5-4
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Figure 5-1.  Environnental Monitoring Shelter At CAMDS Used To
House MB Detector/Al arm And Bubbl ers
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5.2.2. MB Detector/Al arm

The MB detector/alarnt is used to continuously nonitor
the area between the two adsorber banks of each filter system for GB
and VX. Although located outside the filter housing, the alarmis
connected to the housing interior by means of a remdte gappling
probe. \Wen the contamination |evel exceeds the sensitivity threshold
of the detector, it enits an audible/visual alarmin the control room
to warn of a breakthrough of the first adsorber bank. At CAMDS, as
soon as the alarm occurs the sanpling lines are nanually renmoved from
the sanpling port between the adsorber banks and reinstalled in the
exhaust stack, where the filtered air exiting the stack is sanpled
until the first adsorber bank is replaced. At this time, the
sampling line is returned to its original monitoring |ocation between
t he adsorber banks.

Qperation of the MB detector/alarm on a continuous basis requires
that certain operational checks be performed during every shift (or
at least every 12 hours). This procedure is described in detail in
TM 3- 6665- 225-12. *

5.2.3. Bubbl ers

Bubbl ers are used in conjunction with the MB alarmto
collect air sanples downstream of the first stage of adsorbers and
simultaneously in the enission stacks. Toxic gases, if any, in the
airstream are collected in the bubbler solution and chenically
anal yzed. During monitoring, the bubblers are maintained at 1.5 £ 0.5°C
to prevent vaporization of the dissolved gases. Bubblers are changed
hourly and, after sanpling, are transported to the |aboratory for
analysis. Handling and transportation nust be done carefully to
avoi d breakage and loss of the contents. Under certain conditions
(e.g., when monitoring the emssion stack after breakthrough of the
first adsorber stage), it may be necessary to change the bubbler at
nore frequent intervals - such as every thirty minutes - in order to
monitor contanination levels nmore closely.

Procedures for handling and agent-challenging of bubblers are
given in reference 13.

*This is actually the MO alarm which is the plant version of the
M3 alarm but is nore commonly referred to by the latter nane.
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5.3. Danpers 7

Danper operators should be factory-nounted by the danper
manuf acturer and installed outside the airstream  The manufacturer
should also establish the torque requirenents for the danpers based
on operating conditions specified by the user. The danper operator
should be capable of (1) producing a mnimum of 1.5 times the torque
required to nove the blades from full-open to full-closed position, and
(2) enabling the danper to neet the specified |eaktightness in the
cl osed position under the maximm service.

After installation of the danpers, an acceptance test nust be
conduct ed. The followi ng procedure, used at CAMDS, is recomended:

Cycle each danper at least 25 times through its full
range of notion to verify the free operation of all
parts and the correct adjustnent, positioning, and
seating of the blades. Upon conpletion of the 25
cycles, adjust the danper as necessary. Balance and
test the ventilating system in accordance wth
reference 11.

Refer to section 4.2.5 for design information regardi ng danpers.

5.4, Emergency Considerations

5.4.1. Gener al7

The ventilation and air filtering systens of a process
in which toxic chemcal agents are handled are integral parts of the
contai nnent of the facility. In the event of an operational upset,
power outage, accident, fire, or other energency, it isessential
that these systens remain operational until all contanmination wthin
operating areas has been reduced to a safe level, at which tine shut-
down may occur.

Some danmmge to or degradation of the ventilation system
may not be conpletely avoidable in the event of a serious incident.
Consi deration nust be given to (1) the possible effects of emergency
conditions on the ventilation and air cleaning systens, including
damage to the filters and adsorbers from shock, overpressure, heat,
and fire; (2) the design and arrangenment of ducts and air cleaning
conponents to alleviate these conditions; (3) means of switching to
a redundant air cleaning unit, fan, or alternate power supply; and

(4) methods of controlling the exhaust system during failure conditions.
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To provide the necessary protection to the public and to plant
personnel, air cleaning and ventilation system conponents on which
contai nnment | eakage-control depends nust remain essentially intact and
serviceabl e under the upset conditions. These conponents nust be
capable of withstanding the differential pressures, peat, noisture, and
stress of the nost serious type of accident predicted for the facility,
with mininum damage and loss of integrity, and they nust remmin operable
| ong enough to satisfy system objectives.

See also section 3.3 for nore information on safety and energency
consi der ati ons.

5.4.2. Shock and Overpressure’

Mechani cal shock in an air cleaning system mght be pro-
duced by explosion in an operating area of the building, by an earth-
quake, or by rapid conpression or deconpression of the air inside a
system caused by sudden opening or closing of a danper, enclosure, or
housing door. When pressure transients last for periods measurable
in seconds, static pressure is primarily responsible for any destructive
effect. For shocks that have a duration of only a few mlliseconds with
nearly instantaneous pressure rise - as occur in nost cheni cal
explosions - destructiveness is primarily a function of the nomentum
of the shock wave. Shocks produced by an earthquake or inadvertent
opening or closing of a danper usually fall somewhere between these
two extrenes.

Protection of the filters and adsorbers against failure from
shock can be acconmplished by isolating them to prevent the transnission
of forces to them and by increasing the shock resistance of ducts,
housi ngs, mounting frames, and equi prent supports. The shock resistance
of HEPA filters can be enhanced by face guards, and simlar treatnent
may sonetines inprove the shock resistance of prefilters. Mst pre-
filters, however, probably have |ow shock and overpressure resistance,
and a screen installed between them and the HEPA filter is recomended
to prevent danmge to the latter.

Tray-type adsorbers are generally of a robust construction and
should be relatively unaffected by shock loading if properly installed.
Filter and adsorber mounting frames and housi ngs designed in accord-
ance with the recommendations of section 4.1.2.2 should have adequate
shock resistance for nost applications.

Protection of the primary filter conponents from explosive shock
can be achieved by providing sharp turns, heavy perforated plates, or
cushion chanmbers in the ductwork to “snub” shock forces, and by using
fast-acting isolation danpers. Although turning vanes, danpers,

noi sture separators, and prefilters may be damaged by a shock wave,
they may also serve to attenuate its force to sone degree and thereby
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provide a measure of protection to the downstream filters and adsorbers
Damage to danpers, however, can result in an inability to control flows
or isolate branch lines.

Explosion in an operating area of a building is probably the nost
likely type of shock-generating incident to be expected in a deml
operation. A chemical explosion is simlar to a rapidly burning fire
and, therefore, can be arrested in a confined space if a suppressant
or extinguishing agent can be introduced quickly enough.

At CAMDS the principal explosive hazard is provided for in
anot her manner. During the punching and sawi ng operations in the ECC
when explosions are nost likely to occur, an explosion-proof door
closes off the ductwork to protect it and the ensuing filter/adsorber
banks from possible blast damage. This sequence lasts for about
three mnutes of every four mnute cycle (assuming the ECC is at full
operation) ,, during which tine no airflow occurs. No ventilation is
required during this period since the ECC is sealed conmpletely airtight.

5.4.3. Fire and Hot Air7

Fire in gloveboxes and other toxic-agent containnent
facilities pose special difficulties to air cleaning and ventilation
systens because of the need to contain contaminated air during the
ener gency. The release of contam nated smoke through a ruptured HEPA
filter or other breach of the filtration system may have nore serious
consequences than any potential casualty |losses fromthe fire itself.

Where it is possible to conpletely isolate and seal off the
contained space within a building in which a fire occurs, the effect
of fire on the filters and other air cleaning conponents nmay not be a
serious matter. In nost facilities, however, it is essential to
maintain the differential pressure necessary to prevent backflow of
contami nation to occupied spaces of the building and to ensure
filtration of contam nated smoke. Under the latter conditions, the
effect of fire on the air cleaning system and its conponents becones

an inportant consideration. In many cases the final filters and fan,
or a redundant set of filters and fan, must be operable during and
foll owing an energency. If the building is zoned to control airflow

from areas of less hazard to areas of greater hazard, differential
pressures between zones nust be preserved to prevent pressurization
of the contained space in which the fire occurs and to prevent back-
flow of contam nation. Even when the ventilating system can be

shut down in the event of a fire, protection of the filters/adsorbers
is inportant to provide for cleanup of any contaminated air in the
building after the fire has been extinguished.
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Hazards to air cleaning units possibly arising fromfire
situations are: (1) heat and hot air can danmge filters, ignite dust
accumul ated in ducts or filters, and distort metal parts to the point
that filters are bypassed or fans and danpers are made inoperable;
(2) sparks and burning trash can ignite dust and melt holes in the
filter media;, (3) snmoke can plug prefilters and HEPA filters to the
point that the airflow is seriously reduced and/or the filters are
ruptured due to the increased resistance; (4) overpressure due to air
expansion, coupled with snmoke plugging, can lead to rupture of the
filters; and (5) droplets of spray from fire-protection sprinklers
or particles from other types of fire-extinguishing agents can
perforate the filter medium plug the filters, or lead to reduction
of their structural properties

The first line of defense against duct and filter fires is the
devel opment and enforcement of safe operating practices in the contained
and operating spaces of the dem| facility. This means elimnating one
or nore of the basic fire elenents - fuel, ignition source, or oxygen.
[t includes (1) control over the kinds and quantities of conbustible
liquids and gases permtted for use in contained spaces; (2) contro
of hot plates, burners, furnaces, and other sources of heat or flane;
and (3) possible inerting of the box or cell environment (especially
gl oveboxes) with nitrogen, argon, carbon dioxide, or other gas. Safe
operating practices also include (1) the devel opnent and rehearsal of
preplanned fire and damage-control procedures in the contained and
occupi ed spaces of the facility, and (2) neans for rapidly detecting
and suppressing a fire (e.g., water deluge systenj.

5.4.4. Power and Equi pment Out age’

Pl anning for energency situations nust provide for
the probable occurrence of power and equi pment (particularly bl ower)
failures. Such failures, if not properly planned for, can result in
a contam nation hazard, particularly in buildings with zone
ventilation where airflow must be maintained to preserve pressure
gradi ents between zones and prevent backflow of contamnated air to
occupi ed spaces. Possible emergency neasures include redundant fans
redundant fan motors (perhaps served from independent power sources),
and alternate power supplies (e.g., steam turbine or energency diesel-
el ectric generator). See section 4.1.2.10.2 for specific methods used
at CAMDS.

5-10



Downloaded from http://www.everyspec.com

M L- HDBK- 144

When continuous airflow nust be maintained, facilities for rapid
automatic switching to an alternate fan, power supply, or energency

source, or to a standby air-cleaning unit, are essential. However,
if brief interruptions of flow can be tolerated, manual switching my
be permssible at |ess expense. |n any event, visible and audible

al arms should be provided, both locally and at a central contro
station, to signal the operator when a nalfunction has occurred. In
addition, indicator lights to show the operational status of fans and
controls in the system should be provided in the central control room
Figure 5-2 shows a section of the control panel used at CAMDS for this
pur pose.

See sections 3.3 and 4.2.9 for discussions pertaining to
r edundancy.

5.5. Protection Requirements
5.5.1. Levels of Protection

The level of protection required by operating personnel
in a toxic-chenmcal environment in a dem| facility depends upon the
potential hazard involved.* Basically, there are six |evels of
personal protective clothing available, ranging from Levels A through
F. Definitions of the six levels of protection along with the
specific clothing requirements for each level are given in reference 3
for nerve agents GB and VX and in reference 32 for mustard agents H
HT and HD. Additional information regarding protective clothing is
given in references 34 through 38.

The general conditions under which various levels of clothing are
worn by operating and maintenance personnel for toxic-agent protection
in and around filter housings are sumarized in Table V-2.

5.5.2. Demilitarization Protective Ensenble

The Demlitarization Protective Ensenble (DPE) has been
proposed for approval to the U S. Army Surgeon Ceneral for use in all
chem cal deni| operations requiring Level A protection for GB, VX, and
mustard. None of the references cited above cover this relatively new item
In brief, the DPE consists of a reusable air-supplied respirator and
a disposable ventilated outergarnent. The respirator has a pressure-
demand regulator and incorporates a full-face gas mask and 10-minute
self-contained air supply for use during emergency egress only. The
respirator system provides for automatic switchover to the energency

*AIT personnel engaged in chemical dem| work involving toxic operations

must undergo physical exaninations to ascertain that they are nedically
qualified to work in such areas. These exam nations are conducted in
accordance with the guidelines provided in reference 33
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Tabl e V-2.
Level O Personnel Protection Required
For Chenmical Denilitarization
Level of

Work Chemical

Activity Agent Protection Remarks
7 © Required
Inspection, GB, VX, Level A DPE suit is prescribed by the Surgeon
maintenance, tard General, Dept. of the Army, for wear
sta

and repair of m wherever Level A protection is speci-
components fied. (The M3 protective suit is no
within filter longer permitted except for depot
housing up- munition surveillance and for emergency
atrance ~§F Anmaratd ane whavra armand armd b 120 oann
sSLricai oL Upeiariiis wiititc Speccld aina moOviiicy are
second adsorber overriding considerations.)
bank.
Inspection, GB, VX, Level C Level C attire
maintenance, mus tard for mustard calls far am M_9

d re ai_r of 4UL nuocail Cai1i1d 10r an -L
8?~ -_E_h- butyl apron in addition to
components the clothing required for G
within filter and uwnE Ted B
housing down- )
stream of
first adsorber

bank.
Inspection, GB, VX, Level F tevel F clothing is the same for OR

£ k4 k4 3 LEveL I Cl0Lllllly 1S Lile s4dme L0 Ub,

maintenance, mus tard VX or mustard.
and repair
of components
outside of
filter
housing.
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air supply when the main air-supply pressure drops to a prescribed
level. A warning light in the face piece inforns the wearer when he

is consunming emergency air supply. The outergarnent is a heat-seal ed,
one-piece garment fabricated from a plastic material resistant to

agent penetration and to the deleterious effects of operational fluids,
such as hydraulic and cutting oils and decontam nation solutions.

Air fromthe main air supply is distributed to the outergarnment
extrenmties to provide cooling for the wearer. The worker wears a
pair of MALl butyl rubber boots and a pair of M4 butyl rubber gloves
over the DPE as part of the ensemble. Breathing air is supplied by
means of a high-pressure unbilical connected to the air supply outlet.
Al'though the making and breaking of air-supply connections within a
toxic area is nminimzed, an inline filter is incorporated in the
respirator to protect against agent incursion during hook-up.

Speci al i zed hose-handling equipnent is also available to assist the
worker in movenent into, within, and out of the toxic environnent.

Provision is also included for communication between wearers and
the commuand center.

5.5.3.  Donning and Renobving Protective C othing

Personnel engaged in maintenance or simlar activities
must follow existing standing operating procedures for donning protective
clothing and noving to the work site. Wwhen the worker conpletes his
task and is ready to exit fromthe filter housing, certain other
procedures apply depending on whether there is ready access to an air-
lock. (See section 4.2.3.) This is where the worker renoves his
contam nated apparel prior to returning to the point of origin. In
the event there is ready access to an airlock systemin an adjacent
building, the normal procedure is to establish a “hot line” route for
the workers to travel from the contaminated area to the airlock
entrance. If an airlock is not available, use the procedure for
establishing a “hot line” in an emergency. Ceneral procedures are
given in FM 3-21°.
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6. BASIC MAI NTENANCE AND STORAGE CONSI DERATI ONS
6.1. Operator Responsibilities

Filter systems are designed to operate continuously with
m ni mum mai ntenance. Once the system is operating, the follow ng
responsibilities are required of the operator:

1. Check airflow rates.

2. Check pressure drop across each particulate filter bank
with pressure gages on instrument panel. A pressure
drop in excess of prescribed limts (see section
6.4.1), in conbination with low flow rate, indicates
that the filters require changeout.

3. Check pressure drop across adsorber banks (this
instrunentation optional). In normal operation
there should be no increase in pressure drop over
the initial value.

4. Record pressure drop across each bank daily to
provide a history of the differential pressure of each
stage. Visually inspect filters and adsorbers (if
i nstrument ed) whenever a nmmjor change in differential
pressure is noted.

5. Check airstream between adsorbers for agent breakthrough,
using the MB detector and bubblers (see section 5.2).
Any indication of such breakthrough is sufficient
evi dence that the adsorber needs replacenent. I n order
to avoid premature replacement due to nechanical failure,
the operator should performin-service testing of the
complete filter system at |east once per year - in
addition to regular nonitoring procedures - in order
to detect possible sources or causes of such failure.

In any event, conduct in-service testing after the
changing of any filter or adsorber to assure the
quality of the new itemand its installation. This
testing is described in section 7.

6. Lubricate dampers and fans in accordance with manufacturer’s
recommendations. Also check and adjust fan-belt tension.

7. Set fan control meter to specified flow rate.
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6. 2. Preventive Mintenance Oonsiderations7

In essence, preventive maintenance consists of those routine
procedures, inspections, or monitoring perforned by maintenance and
operating personnel in an effort to keep a system operational. There
are few preventive maintenance procedures to be exercised with
chemcal dem| air-filtering systens because they are specifically
designed with mininum service requirenments in mnd.

Dependability of operation is an inportant consideration in
regard to the preventive maintenance of equiprment for toxic agent
applications. Even when the systemis planned for part-tine or
intermittent operation, continuous operation nmay be required after
the system goes into service and should be considered as the norm for
design purposes. Savings in capital costs achieved through the
specification of light-duty equipnent are sonetines offset quickly by
hi gh nmai ntenance costs after the system goes into service.

Rol I er bearings are preferable to journal bearings in fans and
motors because of their superior operating characteristics, |ower
mai ntenance, and greater availability of replacements. Direct drive
is generally nore reliable than V-belt drive, although it is not as
flexible for the adjustable flowates often demanded by changing
system requirenents in dem| facility applications. Wen V-belt
drive is specified, at least 25% extra belt capacity should be required
to carry the starting load of the motor; this extra capacity gives
better wear characteristics and ensures continued operation in the
event of partial belt failure.

I deal ly, preventive maintenance is an operational factor whose
cost can be mninized by good initial design and |ayout of
ventilation and air-cleaning facilities. Inadequate attention to
mai ntenance at the initial phase of the project can result in operating
costs nmuch higher than they should be. Two elenents that largely
influence the costs of this function are the accessibility of conponents
requiring periodic test and service and frequency of filter and
adsorber replacement. (See sections 4.1.1.3.3 and 4.1.1.3.4 for incor-
poration of these factors at CAMDS.) In systems that involve the handling
of contamnated filters and adsorbers, the frequency of changing these
components and the time to acconplish the change can be especially critical.

Mai nt enance of contaminated systens is much nore costly than the
same operations in noncontanminated systens because of the tine re-
quired for personnel (1) to change into and out of protective clothing;
(2) to decontanminate and clean up the area, tools, and equi pnent after
the operation; (3) to dispose of contaminated filters; and (4) to
acconpl i sh personal decontamnination procedures and be nonitored by
safety personnel. There is also the extra attention that must be
given to filter or adsorber installation (as conpared wth conmon
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air filters, for exanple). [If the system does not neet specified
test requirements after the change, the work nust be repeated

The fact that personnel may have to work in restrictive protective
clothing, including full-face gas nmask, also adds to the tine
required. Regardless of these inherently high time and cost
factors, proper mmintenance is essential to ensuring the reliability
of the air-cleaning system and it cannot be done properly unless
appropriately designed and constructed physical facilities are avail-
abl e.

6.3. Inspection Considerations7
6.3.1. Procedur es
6.3.1. 1. Prefilters and HEPA Filters

Inspection of prefilters and HEPA filters nust be
made prior to their installation into the air cleaning system Ensure
that only the highest quality filters are used. Special care nust
be taken in renoving the HEPA filters from their shipping containers
since they are easily damaged by inproper handling.

In visually inspecting new filters, use a light box with a strong
lanp in a darkened roomto exam ne both faces for breaks, cracks, or
pi nhol es.  Breaks or cracks in the medium usually show up on the
surface edges of the filter pleats but often are not readily detected
M nor cracks can be of mjor inportance. If the filter unit is in-
stalled with this pleat-edge damage, the cracks can be extended by air
moverment through the unit. After exam ning each channel, the inspector
shoul d exam ne the adhesive seal around the filter face to be sure
that the seal is conplete and unbroken. Each face of the filter shoul d
be examined in the sane manner and with equal care

After a thorough scrutiny of both faces, check the corner joints
of the frame for sealing and tightness. Gasketing about the flanges
of the frame should be inspected for full adhesion and good physica
condition

Exterior damage to several protruding separator edges in a small
area does not influence HEPA filter efficiency if the mediumis not
mashed, punctured, or broken. Even though the nedium nay not be
broken on one face, damage may occur at the opposite edge of the pleat
on the other face. Large areas of mashed separator edges, even though
the mediumis not damaged, may obstruct the passage of air through
the filter unit and thus reduce its life. Filter units which have
been inproperly stored should be inspected particularly for cracks
along the adhesive seal, for extreme sags in pleats and separators,
and for slits or breaks in the nedium
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Al though mnor filter damage can be repaired with silicone
rubber adhesive/sealant, it is considered economcally unw se to do
so in view of the cost, time, and reliability involved. It is better
in nost cases to reject the unit and substitute it with an acceptable
one. This, of course, is a decision for the user to nake as it also
depends on the availability of acceptable filters to replace the
damaged ones. Any repaired unit, however, must be retested to ensure
that hidden danmge does not exist which might reduce its filtering
efficiency.

The repair of in-place or previously contam nated filters should
not be attenpted. Such filters should be renoved and disposed of in
accordance with regular procedures for handling contam nated itens (see
section 6.5).

6.3.1.2. Adsor bers

As with the prefilters and HEPA filters, the
adsorbers nust also be visually inspected prior to installation.
Maj or areas of inspection are:

1. Retaining screens - should contain no punctures.
2. Face plate - should be tightly affixed to casing.
3. Adsorbent - should be tightly packed.
4. Gasket - should be rebonded if |oose.

Except for tightening the face plate, no repairs are to be made to
adsorbers, whether new or installed. Damaged new units are to be set
aside for disposal, return to the manufacturer, or salvaging of the
carbon adsorbent. Installed faulty adsorbers, whether contamn nated
or not, should be disposed of immediately.

6.3.2.  Storage and Handling

In addition to thorough inspection of newy acquired
filter units and components, proper storage and handling techniques
must al so be exercised to keep necessary repair actions to a
mninmum  The follow ng procedures are reconmended for achieving high
standards of storage and handling:

1. Following receipt and inspection, each filter unit should
be repacked carefully in the carton in which it was
shipped and received. Al packing material for internal
strengthening of the carton and for protection of the
filter unit should be replaced properly. Pleats of the
filter unit should be positioned to conformto the
orientation marking on the carton; this should be done
routinely whether the filter unit is to be installed at
an early date or stored.
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Cartons of filter units and adsorbers should be
handl ed and positioned in storage to conformto the
printed directional arrows, and nmanufacturer’s
reconmendations for storage heights should be followed.
When reconmendations are not available, cartons shoul d
normal |y be stacked not more than three units high.

Mxing other itens and nmaterials with filter units in
storage should be avoided in order to prevent possible
damage to the filter units. Reconmmended aisle widths
consistent with good warehousing practice should be
observed to reduce damage of filter units from naterials-
handl i ng equi prent and other traffic. Filter units should
not be stored in locations where they will be exposed to
danpness, excessive heat or cold, or rapidly changing

t enper at ur es.

Mechani cal warehousing equi pment is reconmmended for
handling large quantities of filter and adsorber units
Skids and pallets should be used for movement, with
the cartons placed on them so that their printed
arrows point vertically. Chains, slings, and hooks
must not be used.

In physically handling a packaged filter unit, make
certain that the carton is picked up at opposite corners
and deposited carefully on the floor or other surface
The carton should not be dropped or jarred. Any filter
unit dropped, whether in the carton or not, should be
reexam ned for danage

Wien a filter unit is lifted, it should be grasped only
along the outer surface of the case. Even slight contact
of fingers at almpst any point within the case can
puncture the filter nmedium To avoid such damage when
removing a filter unit fromits carton, lift the carton
off the filter unit rather than lifting the filter unit
out of the carton.

Filter units should be kept in shipping cartons when
moved from one |ocation to another. \When transferred
for installation, the units should be unloaded at a
point which, so far as practicable, wll reduce physical
handling. The filter units should continue to remain in
cartons until ready for installation.
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8. If for any reason an unpackaged filter unit must be
placed with its face on the floor or other surface, the
surface must be cleared of all objects or irregularities
that might danage the filter pack.
6.3.3. Replacenent Parts

The stockage levels of replacement parts required to
support the filtering systens should be based on actual operating
experience and/or nmanufacturer’s recomendations. Information typical
to the procurement of mechanical filters and adsorbers used in the
CAMDS system is sunmarized in Table VI-1. Before procuring new filter
units ensure that the framing of the units is conpatible with the
cl anpi ng mechanism of the filter housing (see section 4.1.2.2).

I nformation for
Experi ence

Table VI-1. Procuring Filter Units Based on CAMDS

Prefilters

Manuf act urer:

Manuf acturer’s part
ASHRAE efficiency:
Initial resistance:
Capacity:

Estimated replacenent |ead tine:
Estimated operating life:

nunber :

HEPA Filters

Manuf act urer:

Manuf acturer’'s part nunber:
Efficiency (per ML-STD 282)“:
Initial resistance:

Capacity:

Max. operating tenperature:

Max.
Estimated replacenent lead tine:
Estimated operating life:

Adsor bers

Manuf act urer:

Manuf acturer’s designation:

Speci fication:

Initial resistance:

Capacity:

Estimated replacenment lead tine:
Estimated operating life:

operating relative humdity:

Fl anders Filters, Inc.

BC81- NL
80%
0.55 in. wg @rated capacity

1,000 cfm per unit
6 weeks (for mninmum quantity of one)
Depends on operating conditions

Fl anders Filters, Inc.
7081- NL
Not |ess than 99.97%

1.0 in. wg @rated capacity
1,500 cfm per unit

250°F

100%

6 weeks (for mininum quantity of one)
Depends on operating conditions

CTI - Nucl ear, I nc.
Type CS-800 speci al
AACC Standard CS-8"
0.7 in. wg @rated capacity

333 cfmper tray

16 weeks (for mnimm quantity of 100)
Depends on operating conditions

adsor bent
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6.4. Replacenent of Filters and Adsorbers

6.4.1. \Wen to Repl ace4

Differential pressure is a primary factor in determ ning
repl acenent of mechanical filters. A series of five differential
pressure gages are mounted in the instrument panel of each filter
housing. Each gage indicates the differential pressure across one
stage of the system Any large increase or decrease fromthe initial
reading indicates that the bank is functioning inproperly. Values
recommended for replacenent of CAMDS filters are given in Table VI-2.

Tabl e VI-2. Recommrended Differential Pressure Values for Filter and
Adsor ber Changeout

Cean Filter [ Normal Differential
. Differential | pressure for Maxi num Differential
Type Filter Pressure(a) Changeout Pressure for Changeout
(in. wg) (in. wg) (in. wg)
Prefilter
Type BCS1-NL) 0. 55 200 >0
HEPA Filter 1.0 3.0 10.0
(Type 7081-NL)
Adsor ber 0.7 Not Applicable Not Applicable
(Type CS-800)

(a) These are manufacturer’s values. See Table IV-3 for actual values
measured at CAMDS.

Qperation at airflow levels below the manufacturer’s rated
capacity extends filter life and reduces filter change frequency. \hen
airflow exceeds the manufacturer’s reconmmendations by nore than about
15 to 20% the dust-loading rate begins to increase exponentially wth
arithmetic increases in airflow Changeout of the filters at this
increased level is not necessary because pressure drop increases of
up to several times the normal value can be tolerated without affecting
filter efficiency as long as the rated airflow of the filter can be
mai nt ai ned by the bl ower. (See also sections 4.1.3.1.11 and 4.1.3.2.6.)

A sharp decrease or increase in pressure drop may also be caused
by a faulty sensing gage rather than a filter problem The possibility

of a malfunctioning instrument should be checked before initiating
filter changeout.
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Changes in differential pressure across adsorber banks, if
nmonitored, are normally not a cause per se for adsorber changeout.
Adsorbers should maintain a constant presure-drop value since the
adsorption by carbon of gaseous material does not produce clogging nor
otherwise significantly increase the differential pressure as |ong
as the mechanical filters upstream remove all particulate matter.

It is recomended, however, that any variations in pressure drop in
the adsorbers on the order of 20 percent or nore be investigated
immedi ately as a potential problem area.

Under normal operating conditions where agent releases are
mnimal, adsorbers retain their adsorptive capabilities for extended
periods of time. Adsorber life expectancy, however, can be reduced
by several factors, nanely:

1. Excessive exposure to water, water vapor, and certain
chem cal s which, by thenselves or their reaction
products, exert a degrading effect on the carbon adsorbent.

2. Mechanical failure due to rupture, dust buildup, or
formation of carbon fines.

3. Agent overload caused by equi pnent mal function or gross
agent spill.

First-bank adsorbers require changing (1) when the M detector/
al arm sanpling between the banks exceeds its sensitivity or threshold
detection level (see Table V-1), or (2) when the bubblers exceed the
appl i cabl e maxi num all owabl e concentration (see Appendix A). See
section 5.2 for the nonitoring procedure to be followed in case of a
warni ng of adsorber breakthrough.

6.4.2. Replacement Procedures

6.4.2. 1. Di scussi on

Repl acenent of contamnated filters and adsorbers
entails many steps that nust be perforned sequentially. Each step
must be carefully planned and conpleted in a methodical nmanner to
preserve containment of the system Cose coordination between
mai nt enance and operating personnel is necessary (1) to establish a
nutual |y satisfactory date and tine for the conponent change, (2) to
identify the conponents and systens involved, (3) to procure the
necessary materials, (4) to schedule personnel, and (5) to avoid
oonflicts and m sunderstandings that can lead to accidents or toxic
exposures.
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Wien the necessary materials and tools are ready and all personnel
have been instructed in their specific duties, final permssion must
be secured from the responsible operator to stop or alter the airflow
so changeout can be acconplished. The flow path of the exhaust system
shoul d be thoroughly understood, and persons responsible for related
exhaust systems that wll be affected nmust be forewarned. For instance
if two exhaust systems manifold to the same blower, final filters, and
stack, the renoval of one system from service for a filter/adsorber
change will necessitate shutdown of the other system  Safety clothing
and respiratory protection nmust be worn as directed by safety personnel

Under normal conditions, it should be necessary to replace only
one filter/adsorber bank at a tine within the sane housing. In those
situations where two or nore banks nust be sinultaneously changed
the reconmended procedure is to replace the nost contam nated item
first and then the |east contamnated. In nost cases, the order of
changeout - assuming all three conponents are involved, would be (1)
prefilter, (2) HEPA filter, and (3) adsorber. [If the first adsorber
bank nust be replaced, no action is taken regarding the second (redundant)
adsor ber bank, which renains undisturbed

There are three basic procedures for replacing contamnated filters
and adsorbers, namely:

1. Method A Bag-In Bag-Qut Procedure (for type I filter
housi ngs) .

2. Method B, Bag-Qut Procedure (for type I filter housings).
3. Method C, Walk-In Procedure (for type Il filter housings)

These are described in the following sections. The changeout of
particulate filters in type Ill filter housings (containing nonrenovable
adsorbers) is the sane as described for Method C an adsorbent renova
met hod has been devel oped by the nuclear industry for these adsorbers
but is not included here since it has not yet been tried in a deml
application.

6.4.2.2. Method A Bag-In Bag-Qut Procedure*

Type | filter housings are designed to pernmit filter
and adsorber replacenment by reachin% in from the outside, thereby.
elimnating the need for personnel (O enter the housing and exposing
t hensel ves to the risk of contam nation. This procedure, orlg}nated
by the nuclear industry, uses plastic bags to enclose the housing
opening and filters or adsorbers during removal and replacenent. The
procedure, hereafter referred to as Method A for brevity, is described
pictorially in figures 6-1 through 6-8.

*This is the recomended procedure foOr use in the nuclear industry.
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During this procedure, the blower is shut off; however, because
of the redundant filter system concept (figure 4-49), it is possible
that a reverse airflow could develop within the housing and cause the
bag nounted over the access opening to be sucked in when the door is
renoved and the bag untied. To prevent reverse flow, isolation
danpers should be installed in the ductwork upstream of the filters
to block off the air and isolate the housing fromthe rest of the
ventilation system during the change

The changeout bags should be made of clear plastic filmto
enable the worker to see what he is doing. Since the bags can easily
tear or abrade when used with netal -cased filters or adsorbers,
strong material is required. The type of bag used at CAMDS is described
in the purchase description as:

"Bag, polyvinylchoride, 11 nmil, 94-96 inches |ong
with a butyl rubber or bungee-cord Oring sea
around the open end. The bag shall be sized to
permt the end to go over a flanged opening
approximately 124 in. in circunference. The O
ring is to be sized to pernmt the bag to seal
snugly to the flange. The bag is to be fabricated
in such a manner that it shall provide a vapor-
tight enclosure when the open end is heat sealed”.

The specific procedure for the renoval and replacenent of spent
filters or adsorbers enploying Method A, consisting of 15 steps
foll ows:

Step 1. The normal configuration of the system prior to
changeout is shown in figure 6-1. The el enent
(filter or adsorber) is installed and held in
place by four toggle clanps. A plastic bag,
sealed by an Oring to the flange of the access
door, is already in place fromthe |ast elenent
change. The bag is folded so as to remain out
of the airflow path and within the housing door
flange space. The access door is installed on
the flange with the bag held in place between
the door and the flange to form a |eaktight
cl osure inside the door.
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Step 2. Turn off blower and | ock power disconnect in OFF
posi tion.

Step 3. Renove access door and unfold plastic bag as
shown in figure 6-2. Level C protective
clothing is required at this point. Release
toggl e clanps holding element by grasping
handl es through plastic bag and noving them
to open position.

Step 4. Wthdraw spent elenent into plastic bag as shown
in figure 6-3.

Step 5. Make two parallel heat seals* about 1/2 in. apart
in plastic bag between elenment and housing flange
isolating contam nated el ement, then cut bag
between seals (figure 6-4).

Step 6. Attach new bag containing clean element over old bag
stub on access door flange. Install new bag
so that Oring seal of old bag is inside new
bag (figure 6-5).

Step 7. Working through new bag, pull old bag stub off
flange and nmove it into back of new bag make two
parall el heat seals about 1/2 in apart to isolate

bag)stub, then cut bag between heat seals (figure
6-6) .

Step 8. New el enent is now ready for installation. Verify
that it has been inspected and accepted for use
before placing it in bag.

Step 9. Position new elenment in rack and lock into place
with four toggle clanps. Insert prefilters and
HEPA filters so that pleated folds are vertical
Verify that filter gasket is conpressed at |east
50% adjust toggle clanps, if necessary, to provide
more gasket conpression.

Step 10. Fold plastic bag to preclude interference with air
streamin filter plenum This is done by draw ng
bag taut across flange with excess bag on outside,
then folding bag back and forth to fit within
flange opening. Bag is held in this position with
pi ece of cord as shown in figure 6-7.

*For all sealing operations, the use of a scissors action, cantilever-
type heat sealer is recormended. A roll-type sealer is not practical
for this application. A thermal-inpulse heat sealer, manufactured
by Vertrod Corp., Brooklyn, N Y., is used at CAMDS
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Step 11. Replace access door over plastic bag and
secure it in place (figure 6-8).

Step 12.  Qpen isolation danper, unlock power disconnect,
and turn on blower to verify that bag is sufficiently

taut to preclude interference with airstream

Step 13. Check area for contam nation; decontam nate if
necessary.

Step 14. Renove bagged elenents and old bag stub for
di sposal . (See section 6.5.)

Step 15. Make in-place DOP test on filters and freon test
on adsorbers as described in section 7 and
Chapter 8 of reference 7.

6.4.2. 3. Met hod B, Bag-Qut Procedure*

As indicated in section 4.1.2.3, a problem
devel oped at CAMDS with bag deterioration as a result of exposure to
sunlight of that portion of the enplaced bag extending outside the
housing. Therefore, it was decided to do away with the pernmanently
enmpl aced-bag concept (i.e., the bag-in part of Method A) and insert
the bag at the time of replacement. This led to the introduction of
Met hod B, the bag-out procedure.

The specific procedure for the renoval and replacenent of spent
filters or adsorbers enploying Method B, consisting of 13 steps
foll ows:

Step 1. The nornmal configuration of the system prior
to changeout, as shown in figure 6-9, is simlar
to the configuration of figure 6-1 except there
is no plastic bag installed around the flange.

Step 2. Turn on blower and adjust so that mnimm airflow
of 150 fpmis mintained across access opening (to
provi de negative pressure to prevent escape of
contam nantion); renove access door to break sea
(figure 6-10). There will be sonme difficulty at
first, but once seal is broken, door can be
easily renoved.

*This is the approved procedure for use at CAMDS, it is not used in
the nuclear industry.
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Step 3. Attach bag over access door flange and seal wth

Oring (figure 6-11). Turn off blower as soon as
bag is secured to prevent bag from being sucked
into housing.

Step 4. Rel ease toggle clanps holding filter or adsorber
by grasping handles through plastic bag and noving
them to open position.

Step 5. Wthdraw spent elenent into plastic bag as shown
in figure 6-12.

Step 6. Make one heat seal in plastic bag (figure 6-13).

Step 7. Turn on blower and rermove entire bag (figure 6-14).
Verify velocity of inward airflow through door
(shoul d be 150 fpm.

Step 8. New el enent is now ready for installation. Verify
that it has been inspected and is acceptable for

use.
Step 9. Position new element in rack and lock in place
with four toggle clanps. Insert prefilters and

HEPA filters so that pleated folds are vertical

(figure 6-15). Verify that filter gasket is compressed
at least 50% adjust toggle clamps, if necessary to
provi de nore gasket conpression.

Step 10. Replace access door and secure it in place
(figure 6-16).

Step 11. Check area for contanination; decontaninate if
necessary.

Step 12. Renpve bagged elenents for disposal. (See
section 6.5.)

Step 13.  Make in-place DOP test on filters and freon
test on adsorbers as described in section 7
and Chapter 8 of reference 7.

6.4.2.4. Method C, Val k-1n Procedure

Wth the larger type Il filter systens, the
repl acenent of filters and adsorbers is acconplished by a "walk-in”
procedure, hereafter referred to as "Method C.” Here the changeout
personnel, while wearing Level A protective clothing, actually enter
the filter housing instead of reaching in from the outside.
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The specific procedure for the renoval and replacenent of spent

filters or adsorbers enploying Method C, consisting of 16 steps,
follows :

Step 1. Establish “hot line” procedure as outlined in
reference 39.

Step 2. Turn bl ower down (do not shut off) until door
seal can be easily broken and housing door
opened. Once door is slightly open, increase
bl ower again to airflow that will maintain a
velocity of at least 150 fpm (approximtely
2,000 cfm through the door.

Step 3. Turn on housing interior lights.

Step 4. Two operators (in Level A protective clothing)
fully open housing door, enter housing, and, using
an MB detector, check for contamnation in particulate
filter area. [f contamnation is detected, scrub
area with appropriate decontanmination solution (18%
NaOH for @B, 10% HTH for VX or H). Verify that floor
drain is open and connected to a sump tank or
container before starting decontam nation procedure,

Step 5. After decontamination, scrub area with water to
renove residual decontam nation solution.

Step 6. Rel ease spent element by backing off spin handles
until clanp can be turned to clear flange of
filter case. There are four clanps per elenent.

Step 7. Renove element from rack and place in plastic bag.

Step 8. Heat -seal plastic bag and pass to worknman outside
filter housing for handling in accordance wth
“hot-line” procedure.

Step 9. Repeat steps 6 through 8 until all elenents in
bank have been renoved.

Step 10. New element is now ready for installation. Verify
that it has been inspected and found acceptable
for use.

Step 11. Wrknman on outside of housing removes new el enent
from carton (exercising precautions given in
section 6.3.2) and hands it to workman inside
housing. If new element is removed from carton
before starting changeout, bagged spent el enent
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can be immediately placed in this carton for
di sposal .

Install new elenment in bank and lock in place
with four spin handles. Insert HEPA filters

so that their pleated folds are vertical.

Verify that filter gasket is conpressed at |east
50% adjust toggle clanps, if necessary, to
provi de nore gasket conpression.

Repeat steps 10 through 12 until all elements in
a bank have been repl aced.

Step 14. Secure access doors and turn off blower.

Step 15.

Step 16.

Make in-place DOP test on filters and freon test
on adsorbers as described in section 7 and Chapter
8 of reference 7.

Close all access doors and clear “hot-line”.
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6.5. Disposal of Spent Filters

The filters and adsorbers of a toxic-agent ventilation system
do not decontaninate or neutralize contaminants but sinply collect them
Therefore, these contanminated spent elements nust be disposed of with
care to prevent a hazard to personnel or a release of contamination.
DARCOM Regul ation 385-102°states that incineration or neutralization

are the only methods currently acceptable for destroying filters con-
tam nated with toxic chemcals.

It is planned to dispose of CAMDS filters by incineration in
the Metal Parts Furnace (MPF). The MPF is a high-tenperature hearth
furnace for the heat treatment of hardware conponents to ensure the
destruction of all traces of toxic chemicals. Furnace gases are
passed through an afterburner and a scrubber system before discharge
to the atmosphere. The MPF is also used to incinerate nmustard agents
directly from nunitions and to dispose of contaninated dunnage.

The normal operating tenperature of the MPF is approximtely
600°C (1100°F), while its afterburner operates at 1600°F (871°C). These

tenmperatures are sufficient for destroying toxic agents, the
deconposition tenperatures of which are as follows:*

@B - Conplete deconposition after 2-1/2 hours
at 150°C (approx. 300 F)

VX - Half-1life deconposition:

36 hours at 150°C (approx. 300°F)

1.6 hours at 200°C (approx. 400°F)
4 minutes at 250°C (approx. 500°F)
36 seconds at 295°C (approx. 560°F)

Mistard - Deconposition at 140° to 177°C (approx. 300°
to 350°F)

The contaminated elenents, still sealed in plastic bags and
cartons after renmoval from the housing, are placed on trays and fed
by roller into the furnace. Residence times and tenperature paraneters
for incinerating the carbon adsorbent and metal hardware are

currently under study to deternmine if any of these conponents can be
economi cal | y sal vaged.
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7.  TESTI NG

There are five general types of testing of interest in chemcal
dem | air-cleaning and ventilation systems. An additional phase,
prototype qualification testing by vendors, is beyond the scope of
this handbook. Tests of particular interest are

Initial acceptance testing
Preoperational testing

A r bal anci ng

Systems integration testing
I n-service testing

Al of these test procedures, which are described in the foll ow ng
sections, should be preceded with a careful visual inspection of all
itens to be checked during the tests.

701. Initial Acceptance Testing

New HEPA filters and adsorbers are subjected to post-installation
acceptance tests. The specific objectives of these tests are

1. Verify downstream | eakti ghtness of the two HEPA
filter banks normally installed in each filter housing
based on an upstream challenge with DOP (dioctylphtal ate)
snoke.

2. Verify downstream | eakti ghtness of the two adsor ber
banks nornally installed in each filter housing, based
on an upstream challenge with Refrigerant-12 freon gas
(di chl orodi fl uoronet hane) .

DOP testing verifies the integrity (leaktightness) of the installed
filter system and of the filters thenselves, which were previously
efficiency-tested by the manufacturer. It is conducted in accordance
with section 10 of ANSI N510°and is discussed in detail in section
8.3.1 of reference 7. Freon testing is conducted in accordance with
section 12 of ANSI N510) and is discussed in section 8.3.2 of reference
7. It neasures the overall integrity of the installation and the
quality of manufacture of the adsorbers. No specific tests are required
on prefilters

The test plan used for the acceptance testing of CAMDS air filter
systens is given in reference 42.

7.2. Preoperational Testing

After completion of the initial acceptance tests, each conplete
filter system undergoes a series of preoperation tests to ensure that
the entire systemis ready for operation. The specific test objectives
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are:

1. Verify accuracy of filter system flow instrunents,
controls, and alarnms as conpared to readings obtained
with calibrated air-flow instrument.

2. Determine pressure drop across each bank of prefilters,
HEPA filters, and adsorbers as well as across entire
filter systemat initial (clean) condition and at five
subsequent arbitrarily-selected higher static-pressure
val ues. *

3. Verify the capability of the blower unit to maintain
the specified volune airflow hen the filter systenis
resistance is increased by 125% over the initial (clean)
pressure drop.

4. Deternine anperage, rpm discharge, and AP characteristics
of the fan notor.

7.3.  Air Bal ancing

Once the filter system has been verified as being operational and
all ductwork and danpers are installed, the air balancing of the
ventilation system for each area may be perforned. The systemis
bal anced by adjusting airflow and differential pressures to neet the
general criteria given in section 3.2 for determning ventilation
rates.

The specific objectives of air balancing are:

1. Adjust danpers to establish desired system flows and
pressures.

2. Verify airflow and differential pressure capabilities
of the various ventilation subsystems in both toxic
and non-toxic areas.

3. Verify airflow from | ess contamnated areas to nore
contani nated areas.

4. Assess performance of the systenis fail-safe features,
power-of f operation, interlock devices, automatic and
manual controls, annunciators, and alarns.

5. Evaluate overall performance of the systemin
accordance with design specifications.

The ventilation system is generally accepted after required
adjustments are made and the tests successfully denpnstrate that all
airflows and differential pressures nmeet design specifications.
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Air balancing is normally a one-time test. Since it is critical
to safe operation and is a relatively conplex effort, it is advisable
to consider the services of an Air Balancing Institute-certified
contractor who specializes in this type of activity. In any event,
it is mandatory that air-balancing procedures for demi!| applications
be approved by AEHA

The air-balancing plan used at CAMDS is given in reference 11.

7.4. Systems Integration Testing

Systens integration testing involves the entire dem| facility.
These tests evaluate the operational performances of all subsystens
operating in response to sinulated abnormal and upset conditions,
possi bl e equi pment or power failures, and other anticipated problens.
The specific objectives of the tests are to assure that the follow ng

operational characteristics are net:

A rflow capacity

Differential pressure maintenance
Fai | -safe features

Power - of f operation

0 Interlock performance

Automatic and manual controls
Annunci ator and al arm performance

Detailed procedures for systens integration testing used in the
CAMDS facility are presented in reference 11.

7.5. In-Service Testing

The objectives of post-operational in-service testing are to
determine the continuing serviceability and integrity of each filter system
(1) after a specified period of operation, (2) after making critical
repairs, and (3) after replacing filters or adsorbers. This test is
also used to verify that the filter systemremains air tight and
that it continues to nmeet the prescribed performance criteria for
renmoval of contam nants.

An in-service test for each filter system should
be conducted at |east once per year regardless of whether the system
during that year, operated part time, on a normal work schedule, or
was essentially inactive. In-service testing is also necessary after
any type of filter or adsorber changeout. Subsequent testing need not
be repeated until one year after filter/adsorber replacenent.

The test procedures are the same as the initial acceptance tests

given in section 7.1. Details relative to the test procedures and data
handling used at CAMDS are described in reference 43.
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7.6. CAMDS Test Experience

In evaluating the nuclear-concept filter system designed for CAMS
use, it was necessary to generate life data (i.e., capacity of the cells
to retain a specified quantity of chemical agent) since such information
was not otherw se available from the nuclear industry. Therefore, life
testing was initiated at CAMDS to verify that the system could perform as
required. Three separate sets of tests were conducted. The first set was
performed on type Il adsorber cells prior to the preparation of a procure-
ment specification; the second set involved type Il cells supplied as part
of the first-article testing of the procurement specification; and the
third set pertained to a conpletely installed filter system at the CAMS
site.

Set No. 1 44

A series of six type Il adsorber cells: containing coconut-base
activated carbon, were tested with high concentrations of agent GB. (ne
additional cell was tested with a high concentration of VX in aerosol form
The XC10-1 carbon filter cell (the basic adsorber component in the Arny
CBR filter unit) was also tested to provide a basis for conparison. Testing
was conducted at the U 'S. Arnmy Edgewood Arsenal toxic test chamber during
the period October 1973 through May 1975. The test results indicated that
the percentage of |eakage detected was substantially less than 0.01% The
filters were tested to breakthrough to obtain their protective life. The
"break time” and "protective life time” determned for the NPP-2 filter
cells were both acceptable.

Set No. 2

This test, to verify adsorber efficiency, consisted of subjecting
Si x adsorber cells which had undergone rough handling to a high concentra-
tion of DMWP, a GB sinulant. The cells were required to adsorb a mnimm
of 200,000 ng-nin/nmiof DMWP with | eakage not to exceed 0.01% of the up-
stream chal | enge concentration. A value of 200,000 nmg-min/niwas deter-
mned as the maxi mum chal |l enge concentration that the adsorber m ght
encounter from a GB-saturated airstream passing through the cell at the
rated flow for 20 minutes. Al six cells successfully passed this test
with val ues exceeding 300,000 ng-nin/ni(see section 4.1.1.3.2.).

Set No. 3

An actual agent-challenge test with |ive GB was conducted on the
UPA filter system on 8-9 January 1977 in accordance with an approved test
plan. Specific test objectives were:

*

Model NPP-2, manufactured by Farr Filter CO, Los Angeles, California
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1. Denonstrate that a CAMDS filter system can maintain the
established stack emission limt of 3.0 x 10" ng/ n?
for GB under the worst-case challenge condition (deternined
to be 300 ny/m).

2. Determine the actual reduction ratio for GB agent
chal l enging a single adsorber bank.

The test results13 showed :

1. The UPA filter unit is capable of naintaining the
established GB stack emission linit of 3.0 x 10-4
nmy/ niunder worst-case chall enge conditions.

2. The reduction ratio of a single adsorber bank is snaller
than 9 x 10,

3.  The dosage of a single adsorber bank at breakthrough
exceeds 1.2 x 10°ng-mi n/ m.

Subsequent on-site tests at CAMDS have denpbnstrated that |eakage
occurring through installed filters and adsorbers usually takes place
between the sealing frane and nounting frane and is invariably caused by
poor clanping. Al tested cells were visually exanined prior to instal-
lation. Very few prefilters and HEPA filters, and no adsorber cells, were
found to be damaged. All damaged units were rejected for use and returned
to their manufacturers.

Several banks failed the applicable |eakage tests. In all instances
but two, the problem was directly traced to inadequate clanping of a cell
or cells to the nounting frame. In the two exceptions, pin holes were

di scovered in the frames of HEPA filters, and these were believed caused
by overclanping considerably beyond sinple hand tightness.

*
Supply of allocated GB agent was consunmed before breakthrough of
adsor ber bank could be achieved.
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8. APPLICATION CF AIR CLEANI NG CONCEPTS TO DATS
8. 1. | ntroduction

The basic principles of the CAVMDS air filter/ventilation system
have recently been applied to a new air-cleaning system being devel oped
for DATS (Drill and Agent Transfer System). DATS is intended to serve
as a portable unit at renmpote facilities housing small quantities of
unservi ceable chemical munitions. Its purpose is to drain and decon-
taminate the munitions wthout exceeding chenical-agent enission
standards. A detail ed description of the DATS filter/ventilation
system designed by CSL, follows.

8.2. Description

DATS is designed to process snall groups of unserviceable
munitions, one at atine, at a rate of five itens per day. The DATS
site uses a 666-cfm glovebox and ventilation system (figure 8-1) for
this purpose. The latter system includes an air filter housing,
primary and energency blowers, danpers, switches, indicator-Iight
gages, and sampling ports. The air-filter housing contains a pre-
filter section, a HEPA filter section, two adsorber sections, and a
final HEPA filter section. Al key conmponents of the system are
shown in figure 8-2.

The enmergency blower is provided in case of failure of the primary
bl ower (figure 8-3). Seven danpers are located throughout the system
to regulate the airflow as desired (figure 8-4). The operator’s
consol e panel (figure 8-5) contains two selector and four pushbutton
switches, 13 indicator lights, and six differential pressure (Magnehelic)
gages. Additional differential pressure gages are located on the
| oadi ng chamber and gl ovebox; the latter also contains a pressure
switch/gage (Photohelic). Figure 8-6 depicts the locations of the
various sanpling ports and inspection plates on the filter housing.

The 666-cfm air-filter system is designed to renmobve contaninants
from the exhaust air of the glovebox and |oading chanmber, both of
whi ch provide containnment for chemical agents. Front and rear views
of the 666-cfm filter housing are shown in figures 8-7 and 8-8,
respectively. Figure 8-9 illustrates the airflow pattern through the
housi ng.

Airflow through the glovebox, nornally ranging from 600 to 666
cfm is maintained by a 5-hp blower (prinmary or enmergency) and is
indicated by one of the gages on the control console. The five other
gages on the console indicate differential pressure across each
filter/adsorber and are monitored for information on filter status.

A list of the nmjor equipnent associated with the DATS ventilation
system (exclusive of filters and adsorbers) is given in Table VIII-1.
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8.3. Operation

8.3.1. Gener al

Each unserviceable nunition to be processed in DATS is
brought individually to the loading chanber (which functions as an
airlock), where it is placed inside and the |oad door closed. The
munition then is automatically transported into the gl ovebox through
the gl ovebox door (the glovebox door and |oading chanber door are inter-
| ocked so that both cannot be opened at the sane tinme). Inside the
gl ovebox, all packaging is renoved and the itemis transported to the

drill chanber section of the glovebox for processing; this consists of
drilling, agent draining, and decontamination. The procedure is
reversed when the nunition is renoved.

A dem ster located between the glovebox and filter removes

moi sture from the airstream caused by the decontam nation and rinsing
l'i qui ds.

W ai rstreans conprise the glovebox ventilation plan. The
primary airflow enters the loading chanmber through danper D1 (see
figure 8-4), flows through the chamber, enters the glovebox through

danmper D2) flows through the glovebox and drill chanber, and exits
through the demister into ductwork leading to the filter systens.

A second, snaller airflow enters the equipment area of the gl ovebox
through danper D3, flows through the equipnent area into a duct and
through danper D4, merging with the nain al rflow downstream of the
demi ster.

This ventilation system is designed to neintain negative pressure

t hroughout the |oading chanber, drill chanbers, equipnent area, and )
gl ovebox so that there is no outward flow Since the drill chanber is

potentially the npst contaninated area, it is at a higher negative pressure

in order to localize the contam nation and prevent its spread to the rest
of the gl ovebox.

Table VIII-2 shows how the air balancing is affected by various
airflow conditions within the ventilation system

8.3.2. Low Fl ow

Low - or loss of - airflow in the glovebox is sensed by a
di aphram operated differential pressure SwWtch (simlar to the Dwyer
Instrument Co. switch described in section 4.1.2.12.4). \Wen the
airflow drops below 275 cfm* the pressure switch signals the control

*This value was arbitrarily established by design personnel and nay be
revised at a later date based on safety and/or in-house test con-
si derations.
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Table VIII-2. Ventilation System Bal ance Conditions
For DATS
Condition 1 Condition 2 Condition 3 Condition 4
(Basic) Load Door Load Door Emergency
Load Door Open & Glove=- Closed & Glove- Blower
Item Closed & box Door box Door on (e)
No. (a)] Glovebox Closed (c) Opened (d)
Door Closed(b)
D1 600 cfm 0 600 cfm 600 cfm
D2 600 cfm 600 cfm 0 600 cfm
D3 66 cfm 66 cfm 66 cfm 66 cfm
D4 66 cfm 66 cfm 66 cfm 66 cfm
D5 666 cfm 666 cfm 666 cfm 666 cfm
D6 666 cfm 666 cfm 666 cfm 0 cfm
D7 0 0 0] 666 cfm
S1 66 cfm 66 cfm 66 cfm 66 cfm
S2 666 cfm 666 cfm 666 cfm 666 cfm
S3 666 cfm 666 cfm 666 cfm 0
S4 0 0 0 666 cfm
M1 -.1 in. wg 0 -.1 in. wg. -.1 in. wg.
M2 -.1 in. wg -.1 in. wg. -.1 in. sg ~.1 in, wg.
3 -.3 in. wg -.2 in. wg. -.3 in. wg. -.3 in. wg.
FCM 666 cfm 666 cfm 666 ctw 666 cfm
Notes :
(a) Legend:

D - Danper

s - Sanpling Port

M- MAGNEHELI C Differential Pressure Gage
P - PHOTCHELI C Pressure Switch/ Gage

FCM - MAGNEHELI C Fl ow Contr ol

(b) Load door and gl ovebox door are interlocked so that both cannot be
opened at same tine.

(c) When nmunition is put in or renoved fromloading chanber.
(d) Wen nmunition is transferred fromloading chanber to gl ovebox.
(e) Wen primary blower fails to provide sufficient airflow

8-13
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console of an alarm condition, actuating both an audible and

visual alarm and energizing a control relay, causing the energency

blower to start. A set of holding contacts ensures that the control
relay remains energized once the |oss of flow occurs, even if nmonmentarily.
The energency-blower starter is controlled through a set of contacts
fromthe control relay and interlocked with damper no. 7, located be-
tween the back of the filter and the intake of the energency bl ower.
Before the emergency blower can start, the danper nust be open. A red
light on the console indicates when the emergency blower starts.

8.3.3. Low Differential Pressure

Differential pressure gages in the |oading chamber and

both sections of the glovebox indicate the status of negative pressure
in these enclosures ©One of these three gages (the one in the con-

tam nated section of the glovebox), in addition to sensing low &Fs js
al so capable of signaling this condition to the control console. This
capability is not incorporated in the other two gages since they are

not involved with contaminated areas. Since low AP could occur in the

gl ovebox with the airflow through the system remaining at an acceptable
|eve|, t he ener gency bl ower does not actuate when the low AP .alarm

occurs; it is a warning alarmonly.
8.3.4. Power

Three-phase electrical power for operating the primary and
emergency blowers is routed from the generator through two disconnect
switch boxes (M5l and M52 in figure 8-3) on the filter unit. Single-
phase 120-volt power to the console for operating all control functions,
sol enoi d valves, motor starters, etc., is routed directly fromthe
generator to the console.

8.3.5. Emergency Sequence

The energency blower automatically activates upon |oss of
airflow through the glovebox. If the flow drops bel ow the preset
value on the fan-control gage, danper no. 6 wll close and danper
no. 7 will open, energizing the notor starter of the emergency blower.
The primary blower will stop and cannot be restarted as long as the
emergency bl ower is operating.

8.3.6.  Danpers

The operation and purpose of the seven danpers are

explained in Table VIII-3. The positions of danmpers no. 5, 6, and 7
are nonitored on the console. Danper no. 5 must always show OPEN
during both prinmary and energency bl ower operation. Danper no. 6

i ndi cates OPEN (green light) and damper no. 7 indicates CLOSED (green
light) when the primary blower is operating; both danpers indicate

a red light (for CLOSED and OPEN, respectively) when the energency

bl ower is running.
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Purpose And Function O Danpers In

DATS Ventilation System

Damper
No.

Purpose

Function

1

To create ~-.1 in. wg in load area

under all conditions except when

glovebox door is open. To create
2 =Y Jh I QP

Te«J 11,

and glovebox when glovebox door is

open.

To create -.2 in. wg in glovebox.
Operates when glovebox door

is closed. Closes when glovebox
door is open since opening for
glovebox door has greater cross-
sectional area.

To create
ment area.

.1 in. wg in equip-

a e ALl Lo
wB in DOLH J.oau].ug cnamoer

Normaily OPEN. Pneumatically
operated. Damper required to
have two OPEN positions. OPEN
position of damper controlled by
pneumatic signal from glovebox
door received by air valve (3-
way) connected to the damper
actuator, Damper has manual
stop to prevent damper from
fully closing during operations
due to unscheduled loss of com-
pressed air. For shutdown
manual stop removed. Spring re-
turn in pneumatic actuator will
close damper and maintain

sufficient tension on damper
blade to minimize leakage.

Normally OPEN. Mechanically
operated to minimize moving
parts and fabricated from
stainless steel since corrosive
atmosphere during some oper-
ations probable. Mechanical
dampers cannot meet leakage
requirements of pneumatic or
electric dampers. Since damper
internally located extremely low

laakaoa nat ranm: idired
Lcal\asc inve l.c\iu].l. U e

Noramlly OPEN. Pneumatically
operated with only one open
position.

Pneumatic operator
contains spring return. When

compressed air supply disconnected,
spring return in pneumatic actuator
closes damper and maintains
sufficient tension on damper blade
to minimize leakage.

R B R
(continueaq)
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Table VI11-3. Purpose and Function of Dampers in DATS Ventilation System
(continued)
Damper
No. Purpose Function
4 To provide adjustment Normally OPEN. Chain-operated

necessary to balance air flow
rates between glovebox (600
cfm) and equipment area (66 cfm)

To isolate filter housing from

glovebox when filter is not in

operation, thus preventing back-
flow of contaminated air.

To seal primary exhaust stack and
prevent backflow when emergency
blower is in operation.

To seal ductwork between filter
housing and emergency blower
and prevent backflow through
emergency exhaust stack when
primary blower is in operation.

manual damper. Chain mechanism
produces sufficient tension on
damper blade to minimize leakage
when damper is closed.

Normally OPEN.

manual damvper .

Chain-operated
Chain mechanism
produces sufficient tension on
damper blade to minimize leakage
when damper is closed. Limit
switch gives position of damper
on console.

Normally OPEN. Operated by a
pneumatic actuator on signal from
a solenoid valve, Signal for
solenoid valve comes from control
console. Damper 6 will close only
if damper 7 has opened. De-
signed for minimum leakage at
several inches wg. Equipped

with limit so position of damper
can he displayed on console.
Normally CLOSED. Operated by a
pneumatic actuator on signal

from a solenoid valve. Signal
for solenoid valve comes from
control console. Designed to
minimize leakage at several in.
wg. Limit switch gives position
of damper on console.
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GLOSSARY OF TERMS
10.1.  Acronyms and Abbreviations
A - Area
AACC - Anerican Association for Contamination Control

(now Institute of Environmental Sciences)

ACE H - Anerican Conference of Governmental |ndustrial

Hygi eni sts
ADS - Agent Destruction System a unit of CAMS
AEC - Atomc Energy Conmission (see also ERDA)

AEHA - Arny Environnental Hygiene Agency

AFI Air Filter Institute

AMCA - Air Myving and Conditioning Association

ANSI - Anerican National Standards Institute
AR - Air-Conditioning and Refrigeration Institute
ASHRAE - Anerican Society of Heating, Refrigerating and

Air-Conditioning Engineers, Inc.

ASMVE Anerican Society of Mechanical Engineers

ASTM Anerican Society for Testing and Materials

AWS Anerican Wl ding Society

BET Brunauer, Emett, and Teller; test for surface

area of absorbents
bhp brake horsepower

BIF Bulk Item Facility, a unit of CAMDS

CAMDS Chemi cal Agent Minitions Disposal System
at Tooele Army Depot, Tooele, Uah

CBR Chenmi cal / Bi ol ogi cal / Radi ol ogi cal

cfm cubic feet per minute, ft*nin.

10-1

| ocat ed



M L- HDBK- 144

cm

CSL

DA

DATS

db
decon
dem |

DFS

Downloaded from http://www.everyspec.com

- centineter

- Chemical Systems Laboratory, located at Aberdeen
Proving Gound, M.

- Departnent of the Arny

- Drill and Agent Transfer System another demlitari-
zation system for chemical munitions

- density

- decibels, a neasure of noise |evel

- abbreviated term for “decontam nation”

- abbreviated termfor “demlitarization”

- Deactivation Furnace System a unit of CAMDS
- dianeter

- di net hyl met hyl phosphonat e~ an agent sinul ant used
to challenge filters

- Departrment of Defense

- dioctylphthalate, a chemcal for generating a liquid

aerosol for testing

- Demlitarization Protective Ensenble, a disposable

protective clothing outfit for wear by workers in
critical chenical demlization operations

- Explosive Containment Cubicle, a unit of CAMDS

- Energy Research and Devel opnent Administration

(formerly Atomc Energy Commission, now U.S.
Department of Energy)

-  Explosive Treatment System a unit of CAMDS

- hood entry |oss factor

- feet per mnute, ft/mn.

- a nerve gas used as a fill in chemcal agent nunitions

- gram
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in. wyg - inches water gage, a neasure of pressure
H &V - heating and ventilating
hg - entry loss; loss in pressure caused by air flow ng
into a duct or hood.
HEPA - high efficiency particulate air (filter)
hp - horsepower
HTH - Hgh Test Hypochlorite, a decontamninating agent
Hz - Herz (cycles per second), a measure of frequency
in, - inch
kg - kil ogram
LEL - Lower Explosive Limt
LEV - Limting Exposure Value
m - neter
mg/nn3 - mlligrams per cubit neter
jm - microneter (approx. 4.0 x 10°in.),a neasure of particle

size; replaces term “nicron” in ANSI system of neasure.

mg-min C . .
m3 - mlligrammnutes per cubic neter, a peasure of concentration.

min. - mnute

MPF - Metal Parts Furnace, a unit of CAMDS

NaOH - sodium hydroxide, a decontam nating agent
NEMA - National Electrical Mnufacturers Association
NFPA - National Fire Protection Association

nm - nanoneter (10°meter)

OSHA - Cccupational Safety and Health Administration, an
agency of U S. Department of Labor

AP - pressure drop or differential pressure, in. wg.
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- Projectile Disassenbly Facility, a unit of CAMS

- Personal Decontamination Station, a unit of CAMS

Project Manager for Chenmical Denilitarization and
Installation Restoration, l|ocated at Aberdeen
Proving Gound, M.

- parts per billion
- Projectile Pull and Drain Machine, a unit of CAMDS
- parts per mllion
- Personnel Support Conplex, a unit of CAMDS
- Permanent Single Unit, a type of adsorber
- polyvinyl chloride, a plastic material
- volunetric flowate of air, cfm
relative hunidity
- revolutions per ninute

second

- Sheet Metal and Air-Conditioning Contractors
Nati onal Association

- static pressure, in. wy
- standing operating procedure
- Super Tropical Bleach, a decontam nating agent
- Underwriters’ Laboratories
- Unpack Area, a unit of CAMDS
- velocity, fpm
- velocity pressure, in. wg.

- a nerve gas used as a fill in chemcal agent
muni ti ons
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Terns and Phrases

acceptance test. Test nmde upon conpletion of fabrication,
installation, repair, or nodification of a system wunit,
conmponent or part to verify to the user or owner that the
item neets specified requirements.

adsorbent. Material - e.g., carbon, silica gel - for
removing gases or vapors from air by means of physical
condensation and retention of mplecules on a solid surface;
often inpregnated with chemcals to increase its ability to
remove certain |ow nol ecul ar-wei ght gases.

adsorber cell. Mdular replaceable elenent filled with an
adsorbent. Termis used interchangeably with gas filter,
carbon filter, charcoal filter, gas adsorber, adsorber
tray, etc.

aerosol. Dispersion of very small particles and/or droplets
suspended in air; diameter of particles may vary from 100
mcrons down to 0.01 micron.

bag-in, bag-out. Method of introducing and renoving itens
from a contaminated enclosure (designated Type | filter
housing) that prevents the spread of contam nation or

openi ng of the contam nated space to the atmpsphere through
the use of plastic bagging material.

bag-out. Modified version of bag-in, bag-out procedure in
which plastic bag is not installed beforehand in housing.

bl ankoff plate. Plate used in a nodular bank of HEPA filters
or adsorber cells to block off unneeded capacity.

bl ast gate. Sliding danper

breakt hrough. Penetration of chem cal agent through an
adsorber cell as determned by a sensitive detector.

case, casing. Frame or cell enclosing a modular filter
el ement or adsorber cell; usually constructed of metal.

changeout . Procedure used for changing damaged or spent
filters or adsorber cells.
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clean-air system Air-cleaning system designed to maintain
a defined level of air cleanliness, usually in terns of a
perm ssible nunber of particles in a given size range per
unit volume within an enclosed working area.

coating. Paint or other protective surface treatnent applied
by brushing, spraying, or dipping (does not include metallic
pl ating).

contam nated exhaust system Air-cleaning system designed
to remove harnful or potentially harnful particul ate,
aerosols, or gases fromthe air exhausted from a contained
space.

contaminated (dirty) work area. Any work area in which there
is a likelihood of personnel, equipnment, or the facility itself
bei ng contam nat ed.

cont am nati on. Presence of unwanted hazardous material in
the air, in process fluids, or on surfaces. Assumed in this
handbook to be a chemcal agent.

danper. Mvable plate or valve located in the ductwork of a
ventilation system for controlling the airflow or draft;
may be operated manually, pneumatically, hydraulically, etc.

decont am nati on. Removal and/or destruction of unwanted
hazardous substances from personnel, rooms, building
surfaces, equipment, etc., by chemical or physical neans.

dem litarization. Process of rendering mlitary hardware
unusable for its originally intended purpose. In this handbook
the term generally refers to the detoxification of chem cal
agents and associated chenical nunitions.

dem ster. Generic term for devices to renove entrained
noi sture fromair.

differential pressure. Difference in air pressure between
two areas separated by sone type of barrier; sane as AP.

differential pressure switch. Device which uses
differential air pressure to actuate an electric switch at
a preset actuation point (see Photohelic).

DOP aerosol. Dispersion of dioctylphthalate (DOP) I|iquid
droplets in air; constitutes accepted test nethod for
determining overall efficiency of HEPA filters.
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dry-type filter. Filter having a nediumthat is not coated
with an oil or adhesive to inprove its retention of |arge
particles.

element. As used in this handbook, a generic term for
prefilter, HEPA filter, or adsorber.

entry loss . Loss in pressure caused by air flowing into
a duct or hood.

ext ended-nmedium filter. Filter having a pleated nedium or
other shape to increase its surface area relative to the
frontal area of the filter.

filter. Device having a porous or fibrous nedium for

renmovi ng suspended particles from air or gas passing through
the medium as used in this handbook, the term applies only to
the prefiilter and HEPA filter, not the adsorber.

filter bank. Parallel arrangenent of filters on a conmon
mounting frane enclosed within a single housing.

final filter. Last bank of filters in a set of filter banks
arranged in series.

Freon-12. Fluorocarbon conmpound dispersed as a gas in the
air; used to test the quality of fabrication and installation
of adsorbers.

gas chromatography. Analytical instrument used for quantitative
analysis of extrenely small quantities of organic conmpounds;
its operation is based upon the absorption and partitioning

of a gaseous phase within a colum of granular material.

gl ovebox.  Sealed enclosure in which handling of itens is
conducted through rubber gloves sealed to ports in the

wal I's of the enclosure. The operator places his hands and
forearnms in the gloves fromthe room side of the box so

that he is physically separated from the gl ovebox environ-

ment and is able to manipulate items inside the box with relative
freedom while viewing the operation through a w ndow.

HEPA filter. Disposable, extended-pleated, dry-type filter with
(1) a rigid casing enclosing the full depth of the pleats,

(2) a mninum particle renoval efficiency of 99.97% for
thermal |y generated nonodi spersed DOP snoke particles with a
diameter of 0.3 pum, (3) a maximm pressure drop of 1.0 in.

wg when clean and operated at its rated airflow capacity,

and (4) maximm superficial airflow velocity of 5 fpm through
its medium when operated at rated capacity.
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hood . Shaped inlet designed to capture contam nated air
and conduct it into an exhaust duct system

hot. Hghly contam nated.

hot line. Limt established for safety precautions beyond
which no contamnated itenms or persons are allowed to pass.

inches of water. A unit of pressure (1 in. wyg = 0.036 psi).

|atent heat. Heat that does not affect the tenperature but
changes the state of a substance when added to or subtracted
fromit.

| eakage. Unintentional passage of contaminated material around
or through an installed filter or adsorber, or through a
pressure barrier.

| ocal exhaust ventilation. Ventilation system for renoving any
contaminated materials likely to be generated from a |ocalized
“hot” operation.

Lower Explosive Lint. Lower limt of flammability or
explosibility of a gas or vapor at ordinary anbient
tenperatures expressed in percent of the gas or vapor in air
by volume. Assunmed constant for tenperatures up to 250°F;
above this tenperature it should be decreased by a factor

of 0.7 since explosibility increases with higher tenperatures.

Magnehelic.  Tradenane of Dwyer Instruments, Inc. for its
line of differential pressure gages.

nmedi um (plural, nedia). Filtering material in a filter.

mesh.  Number of openings in wire cloth per lineal inch.

mounting frame. Structure to which a filter unit is clanped
and seal ed.

nonrequl at ed __area. Wrk area in which nunitions or materials
certified as agent-free are routinely handled with mniml need
for chem cal protection.

10-8



Downloaded from http://www.everyspec.com

M L- HDBK- 144

negative pressure. Air pressure within a space below
at nospheric pressure.

neoprene. Synthetic rubber material.

open-face filter. Filter with no restrictions over the ends
or faces of the unit, as opposed to the enclosed filter having
reduced-si ze end connections.

particle, particul ate. Mnute piece of solid matter having
measur abl e di nensi ons.

penet ration. Measure of the quantity of a test agent that

| eaks through or around an air-cleaning device when the
device is tested with an agent of known characteristics under
specified conditions; penetration is expressed as a percentage
of the challenge gas or aerosol concentration in the space up-
stream of the air-cleaning device.

Phot ohel i c. Tradename of Dwyer Instruments, Inc. for a
pressure switch combined with a Magnehelic pressure gage.

positive pressure. Air pressure within a space above
at nospheric pressure.

pressure drop. Sane as differential pressure.

prefilter. Filter unit installed upstream or ahead of
another filter unit (usually a HEPA filter) to protect the
second unit from high dust concentrations or other environ-
mental conditions. The prefilter usually has a |ower
efficiency for the finest particles present in the aerosol
than the filter it protects (see roughing filter).

PSU adsorber. Same as stationary adsorber.

redundancy. Addition of an independent back-up unit or
paral l el system which is capable of achieving the objectives
of the basic system and which is on-line (series) or can be
brought on-line (parallel) in the event of failure to the
basi c system

regul ated area. Area in which critical chemcal-agent
operations are performed and which could beconme accidentally
contaminated to pose a hazard. Personnel in such areas

must be equipped with protective clothing and equi pnent.
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residence tine. Calculated time that a volume of contamni nant
or test agent theoretically remains in contact with an

adsor bent, based on the active volume of adsorbent and the
air or gas velocity through the adsorber bed.

rotameter. Instrunent for neasuring flow rates of air and
l'i qui ds.

roughing filter. Prefilter with high efficiency for large
particles and fibers but low efficiency for small particles;
usual ly of the panel type.

scrubber. Device in which the gas streamis brought into
contact with a liquid so that undesirable conmponents in the
gas stream are renoved by reacting with or dissolving in
the |iquid.

sensible heat. Heat that changes the tenperature of a substance
when added to or subtracted fromit.

separators. Corrugated foil or asbestos board used to
separate and strengthen the folds of a pleated filter medium
and to provide air channels between them

stationary adsorber. Gasket | ess adsorber permanently installed
in a system and which can be enptied of and refilled with
adsorbent without rermoval from the system also known as PSU
adsorber, wused in type Il filter housing.

surveillance test. Test nade periodically to establish the
current condition of a system or conponent.

type | housing. Filter housing designed to accommpdate bag-in,
bag-out or bag-out procedure for renoving filters and adsorbers.

type Il housing. See walk-in housing.

type |1l housing. Wilk-in filter housing designed to accommb-
date replaceable filters and stationary adsorbers.

uncontam nated (clean) work area. Any work area in which there
is virtually conplete assurance that there is no contanination.

upset . Accident, nmalfunction, or transient condition of
irregularity occurring in air-cleaning system

wal k-in housing. Contam nated enclosure (designated type Il
housing) from which filters and adsorbers are remved by
personnel in protective clothing walking inside the unit.
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Appendi x A

PROPCSED MAXI MUM ALLOMBLE LIM TS FOR EM SSIONS OF GB, VX
AND MUSTARD FOR CHEM CAL DEM LI TARI ZATI ON

Note: These linmts have already been approved by the Surgeon
General for the CAMDS facility only; they remain proposed,
however, for all other applications.

Table A-1. Chemical Denilitarization Wrk Area Linits fOf
Unnasked Workers (Healthy Adults Medically

Eval uated and C eared for Duty)

Maximum Allowable

Agent Concentration Duration
(mg/m3)
GB 0.001 Averaged over any l-hour period.
0.0003 Averaged over any 8-hour period.
0.0001 8-hr/day for an indefinite period;

averaged over any 10 consecutive
work periods.

0.00005 Averaged over any l-hour period.
2.8
0.00002 Averaged over any 8-hour period.
0.00001 8-hr/day for an indefinite period;
averaged over not more than 5 con-
secutive work periods.
0.4 Ceiling, i.e., must not be ex-
Mustard ceeded for any period.
0.3 Averaged over any 6-minute
period (emergency situation),
0.01 Averaged over any 3-hour period.
0.005 Averaged over any 8-hour period.
0.003 8-hr/day for an indefinite period;

averaged over not more than 5 con-
secutive work pericds,

*Wthout eye protection.
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Table A-2. Advisory Stack Em ssion Concentration Limts
For Chemical Demilitarization Qperations
Maximum Allowable
Agent Concentsation Duration
(mg/m>)
GB 0.0003 Averaged over any l-hour period
VX 0.00003 Averaged over any l-hour period
Mustard 0.03 Averaged over any l-hour period
Table A-3. Anmbient Air Quality Limts and Site
Perimeter Limts for Chem cal Agents
(General Population In An Uncontrolled Environnent)
Maximum Allowable
Agent Concentﬁation Duration
(mg/m>)
0.0001 Averaged over any l-hour period.
GB
*
0.000003 Averaged over any 72-hour period.
(Based on allowable 24-hour ex-
posure dosage of 0.005 mg-min.)
m
0.0001 Averaged over any l-hour period.
VX 0.0000003* Averaged over any 72-hour period.
{Baged on allowable 24-hour ex-
posure dosage of 0.005 mg-min.)
m3
0.01 Ceiling; must not be exceeded
for any period.
Mustard 0.00033 Averaged over any 3-hour period,
0.00017 Averaged over any 8-hour period,
0.0001* Averaged over any 72-hour period.

*These val ues also apply to all site perineters.
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Appendi x B
SPECI FI CATI ON FOR CAMDS AIR CLEANI NG SYSTEM

This appendix presents a conpilation of the requirenments pertain-
ing to the air cleaning system now installed at CAMDS, Tooele Arny
Depot, Tooele, Uah. This information is intended to serve as a
basis for defining the requirenents of other simlar air cleaning
syst ens.

1. Gener al

a. Each air filter system for CAMDS shall draw air at the
specified volume flow fromits associated ventilation system and pass
the air through a series of filters in the follow ng sequence: pre-
filter, HEPA filter, adsorber, second adsorber, and second HEPA filter.
The filter system shall include an air-inlet flange coupling for
connection to the ventilation ductwork and a blower unit.

bh. Each air filter system shall be designed to permt operation
outdoors at an altitude of 5,000 ft. above sea |level and over a
tenmperature range of -10°F to 110°F.

c. The contractor’s filter system design shall be capable of
providing a mnimm negative pressure of 1.0 in. wyg at the filter
inlet for the ventilation system ductwork. The ventilation system
ductwork is the responsibility of the Government and is not a part
of these requirenents.

d. Wth a maxi mum negative pressure of 1.0 in. wg at the filter
inlet, each air-filter system shall (1) maintain the specified volune
airflow (plus O mnus 20% when the filter systems resistance is
increased by 100% over its initial value, and (2) nmaintain the
specified volume airflow (plus O mnus 30% when the filter systenis
resistance is increased by 125% over its initial value. [f flow
control systens are required to maintain the specified volume flow,
such flowcontrol systens shall use the nost efficient design of
either controllable-pitch fans or fixed-pitched fans with variable-
inlet vanes or outlet danmpers to avoid wasting electrical power. The
air-filter system shall be designed to provide a 1 x 104 reduction in
the concentration of gaseous contanm nants through each bank of
adsor bers.

e. Each complete filter system shall be mounted on a skid. The

skid shall be nade of a suitable structural steel and painted in
accordance w th paragraph |g.
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f. The design of this equipnment shall conply with the Cccupational
Safety and Health Act (OSHA) of 1970. Inasmuch as DOD regul ations
governing acceptable sound (noise) levels are nore restrictive than
those of OSHA, the steady-state noise level shall not exceed 85
decibels (db) on scale “A" of a standard sound-level neter at a
distance of 20 feet in any direction fromthe filter system

Al structural carbon steel surfaces shall be pai{];ed. The
surfaces shall be prepared in accordance with ML-STD 171 and both
prine and top coats shall be applied in strict accordance with the
paint manufacturer’'s directions. Paint reconmended for use is Rowe
Epol oid paint** or an equival ent epoxy paint.

h. The contractor shall furnish one complete set of test equipnent
required to performthe DOP and freon leak test on installed HEPA
filters and adsorbers as indicated in paragraphs 4.b and 5.b,
respectively.

2. Filter Housing

a. The filter housing shall provide a conplete airtight enclo-
sure fromair inlet to air outlet. Al necessary franming and support
equi pnent for the filters and adsorbers shall be furnished as part
of the housing by the contractor. The contractor shall also furnish
all internal galleries, |adders, access doors, hatches, etc., re-
quired for the inspection, servicing and/or removal of the equi pnent
housed therein. The side on which the access doors are to be |ocated
is given bel ow.

Air Capacity O

Filter System No. of Access Side for Door Location
(cfm Door s (Facing The Air Inlet)
333 1 Ri ght side
8, 000 1 Ri ght side
2,000 2 Left side
3,000 2 1 each on right side &
left side
4,000 1 Ri ght side
6, 000 2 1 each on right side &
left side
15, 000 2 1 each on right side &
left side

*See references listed at end of this appendix.
**Product of Rowe Products, Inc., N agara Falls, New York.
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b. The filter housing shall be constructed of carbon steel,
except for adsorber nmounting franes which shall be constructed of
type 316 or 316L stainless steel.

c. The intake transition piece shall be designed to join with
ventilation ducts of the follow ng sizes:

Air Capacity O

Filter System Duct Size
(cfm (in. 1D
333 12
1, 000 12
2,000 16
3, 000 20
4,000 22
6, 000 28
8, 000 28
15, 000 44
d. Two sanpling ports, |ocated between the two adsorber banks
shall be required for each filter housing. In order to obtain a
reliable sanple, turbulent flow shall be required upstream of the
area where the sanpling probes shall be located. |If turbulent flow

is not present, a suitable baffle shall be installed.

e. Al sharp corners, welds, weld spatter and projections in-
side the housing shall be ground smooth to such an extent that
operators’ clothing shall not be torn if rubbed against any interior
surf ace.

f. Al welded joints within the housing shall be 100% wel ded
prior to painting. Al welding shall be in accordance with the applicable
specifications listed in paragraph 9.

. The filter housing shall be suitably reinforced and designed
to withstand both a positive and negative differential pressure of at
least 24 in. wg with no visible danage or pernanent defornation.

h. Al structural reinforcing shall be external to the housing
to facilitate decontam nation. Access doors shall give conplete
accessibility to all conponents for servicing. Al doors shall be
airtight at normal operating pressure.

i. Each housing section shall be equipped with a one-inch
diameter, threaded hal f-coupling, floor-drain connection.

. Instrumentation shall be furnished for neasuring the
differential pressure across each filter bank. This instrunentation
shall be sized and located so as to be easily readable by operating
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personnel; in addition, it shall have a capability of being renmotely
| ocated if necessary.

k. Al housings with an airflow capacity of 3,000 cfm or
larger shall be provided with internal |ights between each bank of
conponents for visual inspection, in-place testing, and installation
and renoval of conponents. The light fixtures shall be of the vapor-
tight type, sealed against |eakage, adequate for the pressure en-
countered, and replaceable from outside the housing.

1. The sane basic housing shall be used for the 3,000, 4,000,
and 6,000-cfm capacity filter systems. Regardless of the rated
capacity, all positions for the prefilters and first bank of HEPA
filters shall have filter units installed. Positions not required
in the 3,000 and 4,000-cfm capacity systems for the adsorbers and
second bank of HEPA filters shall remain unfilled and be blocked
off with blank plates; the fans shall be sized accordingly for the
required flow rates.

m The housing shall be tested at the contractor’s plant for
structural rigidity and leaks. Al openings in the housing shall be
seal ed; doors shall be sealed only by their normal [atching devices.
The housing shall be alternately subjected to a positive and negative
differential pressure of at least 24 in. wy, holding the pressure for
at least 10 minutes at each condition. The housing shall show no
damage or permanent deformation. Following the pressure cycling, a
vacuum source shall be connected to the housing through an integrating
wet-type flowreter. A negative pressure of six in. wg = 10% shall
be maintained for at least 8 hours. Maxinum |eakage shall not exceed
0.01% of the rated airflow

3. Prefilters

a. The prefilters shall be rated at 1,000 cfm and be classified
as dry, disposable Goup 111 type, with all frames and separators
constructed of steel, as defined in ARl Standard 680.°

be The prefilter assenbly shall be rated Cass | in accordance
with UL Standard 900.°

c. The prefilters shall have an 80% m ni num efficiency at 4
rated fl ow when tested in accordance with ASHRAE Standard 52-68.

d. The prefilters shall withstand an airflow producing a

pressure drop across the filter of at least 5 in. wy for at |east
15 minutes without visible damage or loss in filtration efficiency.
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4, HEPA Filters

a. The HEPA filters shall be rated at 1,000 cfm and be classi-
fied as Type B or Type C, Gade 1, with all frames and separators
constructed of steel, as defined in AACC Standard CS-1.*°

b. After installation, each HEPA filter and its mounting assenbly
shall show no |eaks when tested in accordance with paragraph 4 of
AACC Standard CS-1.

5. Adsorbers

a. The adsorber shall be a Class A type Il tray-type cell in
accordance with AACC Standard CS-8°except as nodified in paragraph
5.h. ‘

b. The following procedure in regard to filling-method quali-
fication testing shall be substituted for paragraph 7.4.2 of AACC
CS- 8. Six adsorber cells shall be selected at random filled wth
an adsorbent of the specified mesh size and hardness by the proposed
filling method, nounted on a rough-handling nmachine with sharp cut-
off cams oriented such that the filling port is at the top, and
vibrated for 10 minutes at a frequency of 200 cycles per mnute at
an anmplitude of 0.75 in. It shall be permissible to provide external
restraints on the retaining screens while the adsorber cells are
being vibrated. After rough handling, the filling port shall be opened
and the level of adsorbent in the cell examned; the |evel shall have
dropped no nore than one-half of the baffle or nargin wdth perpen-
dicular to the adsorbent surface. The six adsorber cells shall then
be renpved in the sane orientation taking care not to disturb the
granul es of adsorbent and leak tested with freon in accordance with
para 7.5.1 of AACC CS-8, except that the cells shall be oriented
with filling ports up for the qualification leak test. A mininmum of
five cells shall show no | eakage. Airflow resistance shall not
increase by nore than 20% as a result of this test.

c. In addition to the requirements |isted above from AACC
Standard CS-8, the following additional requirements shall be net:
Each regular production lot of adsorbers shall be sanpled in accord-
ance with ML-STD 414, Level 4, and the sanple shall be subjected to
the rough handling test and freon |eak test specified above in the

*The Flanders SUPER FLOW ®separat orless filter is considered to be

a satisfactory item for this purpose. It is a product of Flanders
Filters, Inc., Washington, North Carolina.
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filling method qualification test. The lot shall be rejected if any
adsorber in the sanple shall fail to meet the criteria of para 7.5.1
of AACC Standard CS-8. Rework of a rejected lot shall be permtted
but a new sanple will be required. A regular production |ot shall

consi st of an essentially continuous production run and a single

| ot of adsorbent. The sample for the rough-handling test shall not

be selected until the production of the represented lot is conplete.

d. Adsorber performance shall be verified after installation
by a freon | eak test on each adsorber bank. The | eakage rate of each
bank shall not exceed 0.01% of the challenge concentration.

6. Adsor bent

The adsorbent for the adsorbers shall be coal -base or coconut-
base activated charcoal meeting the specifications listed bel ow
A 25-pound sanple of each carbon lot shall be subnmitted to CSL for
verification tests.

Speci fications Test Used
8
| odi ne Nunber, M ni nunt 1000 ML-C 13724
Carbon Tetrachloride Adsorption,?* .
M nimum % Wi ght 59 ASTM D3467
Ash, Maxi mum % 8.0 M L- C- 13274
Total Volatiles (150°C + 50°C for
3 hours), % 4.0 M L- C- 13724
Har dness Number, M ni mum 90 ML-C 13724
Apparent Density (Bulk Density, Dense
Packing), /cc, M nimm 0.48 M L-C 13724
Ibs/ft.3, M ninum 30.0 M L- C- 13724
Particle Size (3-Mnute Shake Test): ASTM D2862"
and ASTM E323"
Si eve Size Percent Retai ned
8 Mesh 0-5
8 x 12 Mesh 35-65
12 X 16 Mesh 35-65
16 Mesh 1-5 (through)

7. Blower Unit

a. The blower unit for each air-filter system shall be designed
for vibration isolation by the use of flexible connections and isolation
mountings and by proper bal ancing of conponents. Vibration isolation
shall be required to mnimnmze noise (see paragraph |.f) and to reduce

vibration to the extent that no damage shall be done to the filters
and ot her equiprent.

*Both of these tests are not required. The Carbon Tetrachl oride
Adsorption Test is preferred but the |odine Nunber Test may be run

as an alternative
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b. The blower shall be of good commercial quality designed to
meet the specified volune airflow requirements stated in paragraph
l.d.

c. The blower fan shall be enclosed in a steel casing. |Its
shaft shall also be of steel and nounted on heavy-duty ball bearings.
The bearings shall be sealed or contain readily accessible |ubrication
fittings. Both the intake and discharge openings shall be flanged.

d. The motor shall be of the totally enclosed, fan-cooled type
with doubl e-seal ed, prelubricated ball bearings designed for con-
tinuous operation, and with a horsepower rating capable of driving
the bl ower unit.

e. The motor, except for the 15,000-cfmair-filter system
shal| be capable of operating froma 208 volt, 3 phase, 60 Hz power
sour ce.

f. The two motors for the 15,000-cfm air-filter system shall be
capable of operating froma 460 volt, 3 phase, 60 Hz power source.

Al notors 10 hp or larger are required to have an auto-
transformer-reduced voltage starter and capacitors across the nmotor
providing a power factor of at |east 0.90.

h.  Exhaust stacks for the blower discharge shall be provided
by the Government. The contractor shall provide a recomrended con-
figuration for the exhaust stack and all necessary information to
enable the Governnent to properly join the exhaust stack to the
bl ower di scharge system

8. El ectri cal

a. The contractor shall furnish one electrical contact closure
on each air-filter systemto provide a signal to a remte control
panel when the specified air capacity is being pulled through the
filter unit.

b. For each filter system the Government shall furnish notor
starters and all wiring fromthe notor starter to the contractor-
furni shed disconnect switch. The disconnect switch shall be |ocated
in close proximity to the notor. The contractor shall provide a termnal
bl ock (also located in close proximty to the notor) and all control-
function wiring for installation by the Government.

¢c. Provision shall be nade by the contractor for a Government-
furnished remote on/off switch. This switch shall allow autonmatic
restart of the notor for each air-filter system after the |oss of
power without manual actuation.
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9. \Welding
All welding shall be in accordance with Section VIII, Division 1

of the ASME “Boiler and Pressure Vessel Code",'’or in accordance
with the mlitary specifications listed below  Structural welding
shall be in accordance with the ASME Code or AWS Standard DL1.1,
“Code for Structural Welding",”or the applicable military
specification. For welds in material thinner than 1/4 in., the
wel der shall dempnstrate his ability to make satisfactory welds in
such material by making sanple welds which shall be submitted to
and approved by the purchaser’s representative prior to the start
of welding on such naterials.

All welds on adsorbers and housings shall be made by personnel
holding current qualification under Section IX of the ASME Code,
AWS D1.1, or the applicable mlitary specification for welding.
Applicable mlitary specifications are:

M L- STD-1261"
ML-W8611"

M L-W 12332"

M L- W 46154"
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Appendi x C
DETAI LED ADSORBER BED CONSI DERATI ONS

1.  CAMDS Adsorber Cell

The CAMDS adsorber cell consists of a nominal charge of 50 pounds
(22.7 kg) of activated carbon granules 8 x 16 nesh (0.179 cmdia) in
size, having a cross-sectional area of 1,385 in. ?(8,937 cnf) and a bed
depth of 2 in. (5.08 cmj. The filter has a flowate of 333 cfm
(9.424 m/nmin) at a superficial linear velocity of 10.54 minin
(17.57 cmsee) and a nean residence time of 0.00482 mn (0.289 see).
Three of these cells are placed in parallel when used in tandem with

a 1,000-cfm HEPA filter.
2.  General Characteristics of Adsorber Beds

\When carbon granules are packed in a carbon bed, either by free fall
or by bed vibration, they tend to pack in a manner similar to the hexagonal
cl ose packing of spheres. Thus, granules in the succeeding |ayer nest be-
tween the depressions created by granules in the preceding layer. If
granul es packed one on top of another it would be easy to show that, since
the mean granule diameter of the 8 x 16 nesh is 0.179 cm it would require
the packing of 28 layers of such granules to nake up the 5.08 cm bed depth

indicated in the carbon cell. Because of the nesting characteristic of the
carbon granules, a mininum of 28 layers of carbon granules exist in the
CANMDS adsorber cell. Moreover, by knowing the internal area of the bed, its

bed depth, and the carbon weight, one can calculate the bulk or packed density
of the bed. In the CAMDS adsorber cell a charge of 22.7 kg carbon is

packed in a volume of 4.54 x 10‘cmi, resulting in a bulk density of 0.50 g/cnB.
Since the true density of inactivated carbon is 2.15 g/cni one can

calculate from the relationship

_ bulk density (1)
true density _
that the fractional void volunmes €, of the carbon granule bed in the CAMDS

gas filter is 0.77.

e =1

3. Bed Calculations for Flow

Conceiving the packed bed of carbon granules as a nultiplicity of
narrow parallel channels, each packed with individual carbon granules,
the effect on a flow of a gas-air mxture into the bed should be to
straighten the volunetric flow into a series of parallel streanlines.
Thus , it is possible to show t3 at a bed area of 8,937 cnfsubjected to a
volunetric flowate of 9.424 m“rein experiences a superficial linear
velocity of airflow of 10.54 mmin, and that with a bed depth of 5.08 cmthe
mean residence time of a slug of gas-air mxture, equal in volune to
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the volume of the bed, is only 0.00482 nmin or 0.289 sec. Thus, the

gas protection required of the carbon bed, neasured in terns of the
reduction of the inlet or challenge gas concentration to the in-
significantly small gas concentration (below both detectable and
physiological linits), nust take place within 0.289 sec. The nechani sm
by which this occurs is essentially a first order process, and there-
fore one can conceive of a 28-step geometric progression, each
succeeding carbon granule layer renmpving the gas penetrating the
preceding layer with the same fractional gas adsorbing efficiency.

4, Concept of Gas Protection

The concept of gas adsorption by a bed of activated or inpregnated
carbon granules, resulting in protection against the gas challenge, is
that a potential for spontaneously adsorbing the gas nolecules exists
in the carbon as a result of its activation process. The activation
process is one which, under controlled conditions of heating in an
inert atmpsphere, creates a large internal pore surface area in the
carbon. The effect of this large internal area, made up of many
m cropores with a radius of 50 Angstrons (5 nanoneters) or less, is
to manifest a true spontaneous adsorption, resulting in a decrease
in free energy of the pore surface. The activated carbon then acts
in a physical sense to adsorb gases by physical forces, without the
need of a chemical change. This action, |ike other physical phenonena,
can be described and quantified by ascribing both a capacity and an
intensity factor to activate carbon, conmonly known as its adsorption
capacity and adsorption rate constant, respectively.

5 Adsorption Step Sequence

*

Klotz, in his manuscript on the adsorption wave in a carbon bed,1
showed that the process of gas adsorption occurs in a four-step sequence
nanely, (1) bulk diffusion of the gas fromits surrounding air to the
outer surface of the carbon granule; (2) surface diffusion of the gas
on the carbon outer surface to a pore mouth; (3) intragranular diffusion
of the gas in the small pores of the carbon; and (4) physical adsorption
of the gas nolecule onto the active site of the nicropore surface
Some authors describe step (1) as external diffusion, steps (2) and
(3) as internal diffusion, and step (4) as the adsorption step. It is
important in assessing the overall performance of a carbon bed in
adsorbing gas froma flowing air streamto determne which of the above
steps in the adsorption sequence is the slowest and, therefore, the
rate-controlling step for the entire process. It is only by speeding
up the slowest step in a sequence of steps that the overall rate of
adsorption can be inproved.

*See references listed at end of this appendix.
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6. Breakthrough Characteristic of a Bed

The adsorption kinetics equation, which denotes the time at which
a trace concentration exits a bed of carbon under specified test

conditions, was derived by Wweeler’froma continuity equation of mass
bal ance between the gas entering the bed and the sum of the gas
adsorbed by the bed plus that penetrating the bed. 144 equation can
be shown in the form nodified by Jonas” as,

tb = Wo ![ W= pBQ in(Co/Cx) ] (2)
kV

wher e;

t, = gas breakthrough tine, in mnutes
W, = kinetic adsorption capacity, in g(agent)/g(carbon)
W = adsorbent weight, in grams

Q = volunetric flow rate, in cmd/ ni n.

Pg = bul k density of packed bed, in g/cmi

Co = inlet concentration of gas, in g/cmd
Cy = exit concentration of gas, in g/cn§

k= pseudo first-order adsorption rate constant, in
reci procal mnutes

By neans of this equation the activated carbon to be used in a carbon
cell can be characterized in the |aboratory by deternmining its Kinetic
adsorption capacity (W) and adsorption rate constant (k,) val ues.
Knowi ng these two fundanental properties of the carbon, and inserting
the test or use conditions of the carbon cell into the equation, it
then becomes possible to calculate the protective life or break-
through time of the carbon cell

7. Bed Breakthrough Time Relations

It rmust be borne in nmind that the breakthrough time of a bed, such
as that obtained as t,fromequation (2) relates to the time at which
an arbitrarily small concentration, C, breaks through the bed. The
conmpl ete breakthrough curve of a carbon bed, when plotted against

time, is an S-curve of the form
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th Time

\When evaluating the protective life of a carbon bed against a
toxic gas, one is interested in the time at which only a trace con-
centration penetrates (when C/Cratio is very small). This point
is designated as t,. In the case of a gas like GB, t,is designated
as the time when the exit stream shows the presence of a C/Cratio
of about 10-°. At this point in time (i.e., at thist,), only 1
part in 100,000 parts of gas is penetrating the bed. Conversely, at
this t,the bed is still adsorbing 99.99999% of the gas chall engi ng
the bed. It takes a long time, in general, to get to the point in
time when the carbon bed no longer protects in any way, i.e., no
| onger adsorbs any of the gas which challenges it, and thus shows
a Concentration penetrating the bed which is as high as that

chal lenging the bed, i.e., when C/Coequals 1. It is obvious that the
absolute difference in tine between t for a C/C of 10-5 and a

t,for C/C, of 1 depends upon many factors, such as the challenge
gas, the operating conditions, and the type of carbon used.

LI TERATURE CI TED
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3. Jonas, L.A and Rehrmann, J. A, “The Kinetics of Adsorption of

Or gano- Phosphorus Vapors from Air Mxtures by Activated
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C4



Downloaded from http://www.everyspec.com

M L- HDBK- 144

Appendi x D

CENERAL CHARACTERI STICS OF ACTI VATED CARBON

1. Base Material

There are several different types of adsorbent used in the filtration
field but the only type suitable for chemical demlitarization is
activated carbon.

Coconut is the nost widely used base material for activated carbon
used in dem| operations at this time. It is also used extensively
in the nuclear field. Coal is the base material for nost CBR military
filters. Oher base materials used with varying success in nmaking
activated carbons have been pecan nut, lignite, wood, and petrol eum
product s.

Many of the physical properties desired of an activated carbon
result fromthe type of base material used. A prine exanple of this
is the hardness property of the carbon. A though anthracite coal is
harder than bitum nous coal it does not activate as well, and therefore
the softer bituminous product is used. In addition, the physical and
chem cal conposition of the base carbon naterial relative to, for
exanpl e, the type, percentages, and location within the granule of the
various hydrocarbons in its core, affect the type of activated carbon
whi ch can be devel oped from the base material

2. Activation

The base material is activated in order to develop the extrenely
large internal surface area which gives activated carbon its gas-
adsorbing properties. Activation processes vary in nethod and
procedure but generally utilize a very mld oxidizer, under high
tenperature and in an inert atnosphere, to drive off an inner core
of carbonaceous material which |eaves behind an internal surface area
within the carbon granule. The internal area may approach 2,000 m2 g
Some exanples of nild oxidizers used in activation are zinc chloride
steam and carbon di oxi de.

The process of activation creates a series of internal pores in
the carbon granules. Those pores having dianeters of 100 Angstrons
(10 nm or less are called micropores and are responsible for the
major portion of the total internal surface area of the activated
carbon. Larger pores (nmacropores) are needed to provide easy access
to the mcropores on whose surfaces adsorption takes place. Both the
pore size distribution and the total internal pore surface area of the
carbon contribute to the gas adsorption properties of the activated
car bon.
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Activated carbon is capable of retaining GB, VX, and nustard. It
has an affinity for these agents and their vapors, which are readily
adsorbed and held on the carbon. There are chenical agents and
vapors which are not readily retained on activated carbon, however,
and special treatnent of the carbon is required for effective
adsorption of these agents.

3. Specialized Treatnent

Al'though the pore size distribution and internal surface area of
an activated carbon determne its ability to adsorb gases or vapors
under equilibrium conditions, the adsorption properties of the carbon
may be drastically altered under dynanmic flow conditions. Differences
between potential and actual adsorption behavior are due to differences
in diffusional or other rate-controlling steps in adsorption and/or
differences in the affinity of the carbon for various vapors.

To augnent the adsorption properties of a carbon for a specific
vapor under dynamic flow conditions, where the spread between the
potential and kinetic adsorption is large, a carbon may be inpregnated
with netals or metallic salts which cause chenical reactions to take
place on the carbon surface after initial adsorption. The mlitary
impregnates its activated carbon with mxtures of copper, silver, and
chromium salts (ASC whetlerite carbon) to enhance its effectiveness
agai nst hydrogen cyani de, phosgene, and cyanogen chloride vapors.

4,  Hardness

Attrition and crushing of carbon granules under service conditions
can result in dusting and subsequent escape of contaninated carbon, or
in channeling through the bed with subsequent |eakage of contani nated
air or gas fromthe adsorber. Very hard carbons are desirable to re-
sist fracture, abrasion, and crushing; a minimm ball-pan hardness of
92% is recommended. To nmininmize service degradation, vibration and
pul sation in the air handling system nust be controlled and mnimzed.

5. Surface Area

The internal network of pores within the carbon granule provides
the large active area which gives the carbon its potential for
adsorbing gases and vapors. A measure of the size or extent of the
internal surface area or unit weight of an activated carbon is the
carbon tetrachloride test, described in ASTM Standard D3467". This
test measures the maxi mum anount of carbon tetrachloride that a unit
wei ght of the activated carbon can adsorb at the fixed tenperature of
test, 25° C, and at the vapor concentration of 250 nilligrans carbon
tetrachloride per liter of air.

*See references listed at end of this appendix.
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6. Mesh Size

The particle (nmesh) size distribution of the adsorbent is linited
by the open areas of the adsorber cell’s perforated netal screens. The
smal ler the nesh size, the higher the pressure drop through the
adsorbent. However, the snallest particle size nust be larger than
the screen openings or the particles will fall through the screens
The smallest holes that can be produced in a reasonably stiff screen
material (26 gage) is about 18 mesh. Therefore, the snallest pernissible
particle size is 16 mesh. Adsorbent of 8 x 16 nmesh is used to get good
packing density. For some CBR applications, a fines cloth is inserted
inside the screen to enable a 12 x 20 mesh adsorbent to be used

7. Density

There are three densities associated with carbon granules. The true
or real density of carbon before activation is 2.15 g/cni. After
activation, which renoves a large portion of the inner core of the
carbon and produces the large internal surface area associated with an
activated carbon, §he density of the activated carbon granul es decreases
to about 0.85 g/cm®  \When activated carbon granules are packed in a
bed, the apparent bulk or packed density of the bed is on the order of
0.48 g/cmibecause of inter-particle voids. The packed-bed density
takes into account both the intragranular spaces in a carbon granule
(due to internal surface area) and the intergranular spaces or void
volume (due to granule packing configuration).

The effect of packed density on carbon adsorption performance is
conpl ex. In accord with the density paraneter in the gas adsorption
kinetics equation, a decrease in packed density should decrease the
critical bed layer or the required weight of carbon, other things
being equal, and thereby inprove adsorption performance. This
situation exists as long as diffusion remins rate-controlling in the
overal | adsorption process. The underlying rationale for this is
that increasing the open space between carbon granules provides gas
mol ecul es easier access and a longer time (increased residence tine)
to contact all available outer surfaces of the exposed carbon granules
Theoretically, if the adsorption process itself becones rate-controlling,
further decrease in packed density could have a deleterious effect on
the overall adsorption performnce

8. Bed Weight

Since only a finite number of active sites can be developed within
the micropores of an activated carbon during activation, the greater
the weight of carbon for a given level of activation, the greater wll
be the adsorption capacity of the carbon bed. The protective tinme of
a carbon bed against a vapor is normally considered the time at which
a known trace of gas or vapor breaks through the bed when chall enged
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by a high inlet gas concentration under specific test conditions
Protective tine varies directly with the weight of carbon.

9. Bed Depth

The effect of bed depth on adsorption perfornmance cannot easily
be separated fromthe nore basic paranmeter of bed weight. For exanple,
if bed area and packing density renmmin constant, an increase in bed
depth is reflected in an increase in bed weight, thus resulting in
i nproved adsorption performance. Sone of the early mathenatica
equations of adsorption kinetics theory were devel oped on the basis of
bed depth. Sinple interconversion between these equations is possible
through the relationship that the product of bed depth and bed area
equal s bed volunme, and the product of bed volume and packing density
equal s bed wei ght.

10. Bed Vol une

Assuming constant flowate, the effect of bed volume on adsorption
performance is coupled either to its relationship to bed weight of the
carbon, in which case an increase in bed volune and wei ght causes an
increase in adsorption performance, or to its packing density. The
ef fect of changes in packing density on adsorbent performance is a
separate consideration.

11.  Volumetric Flow ate

The effect of volumetric flowate on adsorption performance was
previously regarded as an inverse relationship; nanely, that when
volunmetric flowate is increased, performance or protective life
decreases. The decrease was considered due to two factors: (a) the
increase in mass flux to the carbon, and (b) the increase in the
critical carbon air-film layer which decreases the size of the adsorptive
effect layer of activated carbon. Mre recently, secondary effects
which noderate this sinple inverse relationship have been studied in
terms of the superficial linear velocity paraneter, which is directly
calculable from the volunmetric flowate. The relationship of the
kinetic adsorption rate coefficient to the superficial linear velocity
and its effect on perfornmance have been reported on by Jonas and
Rehr mann. *

12.  Linear Velocity

The superficial linear velocity through a carbon bed is obtained
by dividing the cross-sectional area of the bed into the volunetric
flow at e. For a fixed cross-sectional bed area, an increase in
volumetric flowate causes a corresponding increase in the superficial
linear flow velocity. Although the effects of volunetric flowate
increase are noted above, a noderating effect has recently been observed
in that higher linear velocities tend to decrease or shear away the
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thi ckness of the air film surrounding packed carbon granul es and thus
pernmit a nore rapid transfer of gas fromthe fluid air streamto the
outer surface of the carbon granules. This increased transfer rate
mani fests itself in an increase in the adsorption rate constant of
the carbon. An increase in this rate constant tends to decrease

the size of the critical bed layer, thus noderating the otherwse

del eterious effect of increased flowate

13. Gas Residence Tine

The concept of a nean residence time for a gas in the carbon
bed is based on the approximtion of plug flow of the air-gas mxture
through the bed. Residence time is calculated by dividing the
superficial linear velocity into bed depth, or by dividing the
volunetric flowate into bed volume. The nean residence tine is that
time for a volune of gas-air mixture equal in volune to the volune of
the carbon bed to conpletely pass through the bed. The adsorption
performance of a bed is increased as residence tine is increased so
long as the rate-controlling process of the gas renmoval is a diffusiona
mechanism  This has been the general result in studies of the physica
adsorption of agents GB, VX, and HD.

A need exists, however, for a nondestructive nmethod of deternining
the residual protective capacity of a carbon bed. The underlying
concept for such a nethod is that gas adsorption by a bed of activated
carbon granules is an additive phenonenon, each increnment of adsorption
adding to the previous one and thereby decreasing the renmaining adsorptive
capacity. Recent progress has been made on a nethod whereby a pul se
of a difficultly adsorbable gas is sent into the carbon bed, and the
retention tine of the gas in the bed is deternined. As portions of the
carbon bed are saturated with more highly adsorbable gases, fewer
active sites remain for tenporarily holding the pulse gas and so the
retention time of the carbon for the pul se gas decreases. By
correlating pulse gas retention tine with the degree of prior bed
saturation, a calibration correlation can be made which relates to
the retention tine of the gas pulse to the residual protective life
of the carbon bed.

14, Challenge Gas Concentration

The effect of an increase in challenge or inlet gas concentration
is to decrease adsorption performance and protective life of the carbon
bed. This occurs because the unit weight of activated carbon has a
finite adsorption capacity, by weight, for a given gas. An increase
in gas concentration, with volumetric flowate constant, decreases
the tine at which the bed reaches its adsorption capacity, and
therefore decreases its protective life.
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Adsorption performance of an activated carbon is dependent on the
test or use conditions under which the gas challenges the carbon. The
effects on the perfornmance of an activated carbon of the various
paranmeters enunerated here have been incorporated into the theory of
adsorption kinetics and can be found in mathenatical equations
devel oped from the theory.

15. Exit Gas Concentration

An increase in pernissible exit gas concentration, other paraneters
being equal, is reflected in an increase in the protective life or ad-
sorption performance of the carbon bed. The increase in protective

life increases as in the logarithm of the increase in exit gas con-
centration.

16.  Tenperature

Physi cal adsorption of a gas by activated carbon is enhanced
when the tenperature is decreased. In the case of an inpregnated
carbon, such as ASC whetlerite carbon, in which protection is achieved
by means of an initial physical adsorption followed by chenical
reaction, an increase in tenperature decreases the physical adsorption
portion but nmay increase the chemcal reaction portion of the overall
sorption process. The overall effect of an increased tenperature,
therefore, depends upon whether physical adsorption or chemnical reaction
are rate controlling in the gas renmoval procedure.

17. Al titude

H gher altitudes, and the accompanying decrease in baronetric
pressure, decrease the ability of an activated carbon to adsorb a
gas or vapor. The same effect also pertains for any chem cal
reaction occurring subsequent to the physical adsorption.

18. Water Vapor and Qther Gas Contam nants

Water vapor tends to occupy adsorption sites on the carbon and,
therefore, decreases the total anount of gas which can be adsorbed and
the service life of the bed. The effect of other gas contam nants
is the same, that is, they “poison” the carbon. The prior adsorption
of a contam nant gas reduces the number of active sites or adsorption
spaces which otherwi se would have been available for adsorption of the
gas or gases of primary interest.

19+  Shelf Life

Shelf life per se has no deleterious effect on the ability of
activated carbon to adsorb gases by physical adsorption processes.
This is based on the assunption that the activated carbon can be
stored in the dry condition (less than 2% noisture) in a closed
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container. \Wen stored in this condition, activated carbon has been
shown capable of adsorbing gas, wthout decrease in efficiency, after
25 years of storage. There could be degradation of chenically

i npregnat ed carbons, however, due to the deleterious effects which
normal |y result when inpregnated carbons (activated carbon inpregnated
with netallic salts) are stored in the presence of high-noisture
content and at elevated tenperatures. Conditions such as these
pronote chenical reaction between the inpregnated salts, water, and
car bon.

20. Exposure to Dust

Since activated carbons cannot adsorb dust or other particulate
matter from the atnosphere, the only possible effect of the dust would
be to physically coat portions of the carbon granules or the spaces
between the granules. The forces holding such dust particles are
very weak dipole-type forces, causing the dust to be easily dislodged
or shaken free. However, dust particles can plug the interstitial
spaces between the carbon granules, thereby inpairing the access of
gas to the active sites on the carbon and significantly increasing
the pressure drop across the bed. In npbst protective systems, the
gas adsorber is preceded by a prefilter and/or HEPA filter which
are designed to prevent the passage of dust into the adsorber beds.
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