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FOREWORD

1 PURPOSE. OPR Office of Primary Responsibility
PMEL Precision Measurement Equipment Labora-

To specify environmental control OPERATING STAN- tory
DARDS to be used as minimum criteria for work on items  py Part Number
requiring enwronmen;al contr_ol. This Technl_c_a! Order lists  ppy Pulse-Position Modulation
guidelines for selecting environmental facilities and for SM/IM 51 M NInventory M
achieving the operating standards necessary for contamina- Y _ems angger entory Vianager
tion control during overhaul or repair of critical Air Force 1RC Tectical Repair Center

system hardware, and lists quality control measures to assure
compliance.

2 SCOPE.

This Technical Order shall be adhered to for environmental
control by al Air Force activities having maintenance and
overhaul responsibilities. Precision Measurement Equipment
Laboratory (PMEL) facilities and computer facilities are not
included. Responsible activities shall make appropriate, ref-
erence to this document

3 ABBREVIATIONS.

All abbreviations used in this manual are in accordance with
ASME Y14.38, Abbreviations and Acronyms for Use on
Drawings and Related Documents.

AF Air Force

AFSC Air Force Space Command
AGMC Aerospace Guidance and Metrology Center
ALC Air Logistics Center

AFLC Air Force Logistics Center
AFMC Air Force Material Command
AFTO Air Force Technical Order

ALT Alternate

AQL Acceptable Quality Level

AR As Required

ASSY Assembly

BCEs Base Civil Engineers

C Celsius

CFE Contractor Furnished Equipment
CFM Center Frequency Modulation
DoD Department of Defense

F Farenheit

FPM Feet per Minute

GFE Government Furnished Equipment
HEPA High Efficiency Particulate Air
&S Interchangeability and Substitution
LPM Liters per Minute

NBS Natural Black Slate

NHA Next Higher Assembly

4 RELATED PUBLICATIONS.

The following publications contain information in support of
this technical manual.

List of Related Publications

Number Title
AF Manua 88-4 Criteria for Air Force Clean
Facility Design and Con-
struction
ASME Y 14.38 Abbreviations and Acronyms

for Use on Drawings and
Related Documents

Document Automation and
Production Service
(DAPS)

Cleanrooms and associated
controlled environments
Part 1: Classification of air
cleanliness - Premiére édi-
tion

Cleanrooms and associated
controlled environments
Part 2: Specifications for
testing and monitoring to
prove continued compli-
ance with SO 14644-1 -
Premiére édition

Product Cleanliness Levels -
Applications, Require-
ments, and Determination

DODI 5330.03_AFI 33-395

SO 14644-1

SO 14644-2

|[EST-STD-CC1246

MIL-C-81302 Cleaning, Compound, Sol-
vent, Trichlorotrifluoroeth-
ane

MIL-F-51068 Filters, Particulate (High-
Efficiency Fire Resistant)

MIL-HDBK-406 Contamination Control Tech-

nology Cleaning Materias
for Precision Precleaning
and Use in Clean Rooms
and Clean Work Stations
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List of Related Publications - Continued

List of Related Publications - Continued

Number Title Number Title
MIL-HDBK-407 Contamination Control Tech- TO 00-25-195-WA-1 Source, Maintenance, and
nology Precision Cleaning Recoverability Coding of
Methods and Procedures Air Force Weapons, Sys-
MIL-STD-105 Sampling Procedures and tems, and Equipment
Tables for Inspection by TO 00-25-234-WA-1 Genera Shop Practice Re-
Attributes quirements for the Repair,
MIL-STD-1246 Product Cleanliness Levels Maintenance, and Test of
and Contamination Con- Electrical Equipment
trol Program
TO 00-5-1-WA-1 Air Force Technical Order 5 RECORD OF APPLICABLE TIME COMPLIANCE
System TECHNICAL ORDERS (TCTQS).
TO 00-20-14 Air Force Metrology and
Calibration Program
List of Time Compliance Technical Orders
TCTO TCTO TCTO
Number Title Date

None

6 [IHIHARDNESS CRITICAL ITEMS (HCI).
The HCI symbol (IH]) establishes specia re-
quirements limiting changes and substitutions and

that the specific parts listed must be used to ensure
hardness is not degraded.

If included, items with nuclear survivability requirements are
marked with the HCI symbol (IH]). All changes to, or pro-
posed substitutions of, HCIs must be approved by the ac-
quiring activity.

7 & ELECTROSTATIC DISCHARGE SENSITIVE

(ESDS) ITEMS.

All ESDS parts shall be handled in accordance
with the ESDS device handling procedures in TO
00-25-234-WA-1.

If included, items containing ESDS parts are marked with
the ESDS symbol ().

vi

8 CHANGE RECOMMENDATIONS.

Recommendations proposing changes to this technical order
shall be submitted on an AFTO Form 22 in accordance with
TO 00-5-1-WA-1. Forward completed AFTO Form 22 to the
Technical Order Management Agency (TOMA) at:
robins.ce.afto22@robins.af.mil.
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SAFETY SUMMARY

1 GENERAL SAFETY INSTRUCTIONS.

This manual describes physical and/or chemical processes
which may cause injury or death to personnel, or damage to
equipment, if not properly followed. This safety summary
includes general safety precautions and instructions that must
be understood and applied during operation and maintenance
to ensure personnel safety and protection of equipment. Prior
to performing any specific task, the WARNINGs, CAU-
TIONs, and NOTEs included in that task shall be reviewed
and understood.

2 WARNINGS, CAUTIONS, AND NOTES.

WARNINGs and CAUTIONS are used in this manua to
highlight operating or maintenance procedures, practices,
conditions, or statements which are considered essential to
protection of personnel (WARNING) or equipment (CAU-
TION). WARNINGs and CAUTIONs immediately precede
the step or procedure to which they apply. WARNINGs and
CAUTIONS consist of four parts. heading (WARNING,
CAUTION, or icon), a statement of the hazard, minimum
precautions, and possible results if disregarded. NOTEs are
used in this manual to highlight operating or maintenance
procedures, practices, conditions, or statements which are not
essential to protection of personnel or equipment. NOTES
may precede or follow the step or procedure, depending upon

the information to be highlighted. The headings used and
their definitions are as follows:

Highlights an essential operating or maintenance
procedure, practice, condition, statement, etc.,
which if not strictly observed, could result in in-
jury to, or death of, personnel or long term health

hazards.

Highlights an essential operating or maintenance
procedure, practice, condition, statement, etc.,
which if not strictly observed, could result in dam-
age to, or destruction of, equipment or loss of mis-
sion effectiveness.

NOTE

Highlights an essential operating or maintenance
procedure, condition, or statement.

vii/(viii blank)
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 NATURE AND CHARACTERISTICS OF PAR-
TICULATE CONTAMINATION.

Contamination is any substance, material or energy, that ad-
versely affects Air Force system hardware. Contamination is
primarily the product of man’s activity and secondarily the
product of nature. Figure 1-1, “Characteristics of Particles
and Particle Dispensoids’ is reprinted by permission of Stan-
ford Research Ingtitute. It illustrates typical characteristics of
particulate contamination. In view of today’s technological
developments and manufacturing advances in the area of
mechanical, electronic, electromechanical, optical, electro-
optic, computer, photographic, hydraulic, and pneumatic sys-
tems, the need for contamination control is unguestioned.
Contamination is the single cause of many Air Force system
and component failures daily. Whether it be “dirty” bearings
or fungi on micro circuits, the effects are costly in terms of
mission failure and tax dollars.

1.2 SELECTION OF ENVIRONMENTALLY CON-
TROLLED FACILITIES.

In genera, system hardware with working tolerances less
than one thousandth (0.001) of an inch requires environmen-
tal control for overhaul. Table 1-1 illustrates recommended
selection criteria to be utilized by system managers and item
managers to designate the type of facility to be used for
overhaul and repair of the equipment for which he is respon-
sible (see Paragraph 2.1.1). In selecting the proper facility it

should be kept in mind that “Clean” is that contamination
level just below that which affects the operation or reliability
of the product, and specifying cleanliness above necessary
levels is costly.

1.3 OTHER ENVIRONMENTAL DOCUMENTS.

1.3.1 AF Manual 88-4, Chapter 5. This manual pre-
scribes criteriafor design and construction of Air Force clean
room facilities. It specifies the real property standards for
meeting the requirements of this technical order.

1.3.2 1SO 14644-1 and 1ISO 14644-2. SO 14644-1 and
SO 14644-2 refer to the classes of environmental areas and
certain air conditioning requirements. These standards estab-
lish a common ground of understanding between Govern-
mental and non-Governmental agencies.

1.3.3 |EST-STD-CC1246. |IEST-STD-CC1246 is to be
used by all branches of the military services when specifying
product cleanliness. It requires non-Governmental agencies
involved in repair or design contracts to submit quality con-
trol plans for approval. In addition, it stipulates when de-
signing an end item, the contractor shall establish environ-
mental standards, which shall also be approved by the
contracting organization. This document should be used when
preparing contracts on end item repair or design.

1-1
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Figure 1-1. Characteristics of Particles and Particle Dispersoids
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Table 1-1. System Environmental Facility Selection Chart

MINIMUM MECHANICAL SYSTEM TOLERANCES

TYPE OF ENVIRONMENTAL FACILITY
RECOMMENDED*

Greater than 0.001 Inches

0.001 Inches 25 Microns
0.0005 Inches 12.5 Microns
0.0001 Inches 2.5 Microns

0.00004 Inches 1.0 Microns

0.00001 Inches 0.3 Microns

*The types of environmentally controlled facilities are described in Chapter 3.
CHART REFERENCE DATA

Air Conditioned Space (not covered by this
Technical Order)

Controlled Area (Class 300,000)
Conventiona Clean Room (Class 100,000)

Laminar Flow Clean Room (Class 10,000
or Class 1,000)

Laminar Flow Device (Class 1,000 or
Class 100)

Laminar Flow Device (Class 1,000 or
Class 100)

1 Meter = 39.37 Inches

1= 1 Inch

01= 1/10 (One tenth inch)

0.01= 1/100 (One hundredth inch)

0.001 = 1/1000 (One thousandth inch)

0.0001 = 1/10,000 (One ten-thousandth inch)
0.00001 = 1/100,000 (One hundred-thousandth inch)
0.000001 = 1/1,000,000 (One millionth inch)

0.3 Micron = 0.00001181 Inches
0.5 Micron = 0.00001968 Inches
1 Micron = 0.00003937 Inches
2 Micron = 0.00007874 Inches
5 Micron = 0.00019685 Inches
10 Micron = 0.00039370 Inches
25 Micron = 0.00098430 Inches
50 Micron = 0.00196850 Inches

1.4 RELATIONSHIP TO OTHER PUBLICATIONS.

This publication takes precedence over environmental oper-
ating standards set forth in existing Air Force technical pub-
lications which apply to clean rooms (except controlled ar-
eas) and clean work stations.

NOTE

Particular environmental controls required for spe-
cific components may be necessary in addition to
the operational standards specified herein. If this
is the case, these particular controls will be main-
tained for the components in question.

1.5 DEFINITIONS.

Air Conditioning - A general term to describe the
control and conditioning of the air in an environ-
mentally controlled facility to maintain specified
standards of temperature and humidity.

Air Lock - An area between the entrance to the clean
room and the entry from an outside area. The air
lock receives the same clean, filtered air as the clean
room, and is designed to prevent the contaminated
air in the outside area from flowing into the clean
room.

Clean Room - An enclosed area employing control
over the particulate matter in air with temperature,
humidity, and pressure control as required. Clean

rooms must not exceed the particle count specified
in Table 3-1 for a conventional clean room.

Clean Room Garments - Any part or complete uni-
form of special clothing that must be worn in envi-
ronmentally controlled areas as specified in this
Technical Order. The garments may include over-
als, boot type shoe covers, clean shirts, caps or
hoods, and other garments necessary to satisfy local
requirements.

Clean Work Station - A workbench or similar work-
ing enclosure characterized by having its own fil-
tered air supply.

Contamination - The presence of any substance,
material or energy, that is unwanted and adversely
affects the operation of system hardware.

Contamination Control - The process of eliminating
or minimizing contamination in the work area by
using environmentally controlled facilities. (See En-
vironmental Control.)

Controlled Area - An air conditioned work space or
room in which the particle concentration is lower
than normal air conditioned spaces. A controlled
area is not to be classified as a clean room, but
some specid filtration isrequired as specified in this
Technical Order. Such an area is required for over-
haul of items which do not require the strict envi-
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ronmental controls of a clean room, but which
should be segregated from excessive dirt generation
operation.

Environmental Control - A collective term for the
positive control of the atmospheric conditions within
a designated area whereby the particulate contami-
nation, temperature, pressure, and humidity can be
established and measured.

HEPA (High Efficiency Particulate Air) Filter - A
throw-away extended media dry-type filter inarigid
frame having a minimum particle collection effi-
ciency of 99.97% for 0.3 micron particles. Refer-
ence American Association CS-IT, “Standards for
HEPA Filters’.

Laminar Flow - An airflow pattern in which the en-
tire body of air within a confined area moves with
uniform velocity along parallel lines. The flow is
essentially unidirectional and is non-turbulent.

Laminar Flow Clean Room - A clean room in which
the laminar airflow characteristics predominate
throughout the entire room, with a minimum of ed-
dies.

Laminar Flow Clean Work Station - A clean work
station in which the laminar airflow characteristics
predominate throughout the entire airspace, with a
minimum of eddies.

Limited Linting - Applies to towels, garments, wip-
ing cloth, or other fabric materials which have been
tested and proven to exhibit limited shedding of lint
particles.

Micron - A unit of measurement equal to one-mil-
lionth of a meter or approximately 0.00003937 inch.
(25 microns are approximately 0.001 inch.)

Particle - A very small discrete mass of solid or
liquid matter. Particles are usually measured in mi-
crons.

Particle Concentration or Particle Count - Concen-
tration expressed in terms of the number of par-
ticles per unit volume of air or other gas.

Particle Size - An expression for the size of liquid
or solid particles expressed as the apparent maxi-
mum linear dimension or diameter of the particle.

Particulate Matter - A general term applied to min-
iature particles of material suspended in gases or
liquids.

System Hardware - Any item or component that re-
quires environmental control for disassembly, repair,
cleaning, and reassembly. They are normally com-
ponents that make up a particular weapon system.
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CHAPTER 2
RESPONSIBILITIES

AIR FORCE LOGISTICS CENTER (AFLC).

The Space and Special Systems Program Management Di-
rectorate, Warner Robins Air Logistics Center shall:

a

2141

Be the Office of Primary Responsibility (OPR) for this
Technical Order (in accordance with AFLC Regulation
66-21).

Be the Office of Interest for Federal Standard 209,
“Clean Room and Work Station Requirements, Con-
trolled Environment,” and MIL-STD-1246, “Product
Cleanliness Levels and Contamination Control Pro-
gram.”

Provide al Air Force activities with technical assis-
tance, upon request, to resolve problems regarding
clean room operation and equipment.

Review and verify environmenta requirements when
requested by TRC.

Provide consulting assistance for selection of equip-
ment necessary for the operation of clean rooms.

Determine requirement for, convene, and provide the
chairmanship of periodic clean room operation confer-
ences for al Air Force activities. The purpose of con-
ferences will be the discussion and resolution of prob-
lems relative to clean room functions, clean room
equipment and clean room product requirements.

Establish and maintain a team of clean room experts
within AFLC consisting of a clean room officer for
each ALC or Air Force Station (where applicable) for
the purpose of certifying and monitoring all environ-
mentally controlled areas as defined by this Technical
Order.

Systems Manager/Inventory Managers (SM/IM).

Systems Manager/Inventory Managers (SM/IM), in conjunc-
tion with AF support engineering groups, shall furnish to
appropriate clean room management the following specific
environmental requirements for overhaul of equipment.

NOTE

See Paragraph 1.2 and Table 1-1 for guidelines of
clean room class selection. If the SM/IM is uncer-
tain of the specific environmental requirements,
then he shall consult the Air Force engineering

group responsible for the equipment, the manufac-
turer, or other technically qualified people to de-
termine the above. When determined, the SM/IM
shall take action to incorporate the information in
the particular item’s technical order. Air Force ac-
tivity shall implement and enforce the operational
standards and practices in this technical order and
shall also submit environmental control require-
ments.

e Airborne dust level requirements. (Class 100, 1,000,
10,000, 100,000, or Controlled Area.)

e Temperature regquirements.
e Humidity requirements.

e Decertification procedure requirements, if required,
see Paragraph 2.6, Step d.

e Other special requirements (if any).

2.1.2 Organization Performing Maintenance. The orga-
nization performing maintenance in Contamination Con-
trolled Facilities at the TRC, Air Logistics Center or other.

a. Submit environmental control requirements to the Base

Civil Engineers (BCEs) to program for the design of
new or modification of existing clean rooms and/or
controlled areas. Review BCE proposals for compli-
ance with Fed-Std-209 and AFM 88-4, Chapter 5, be-
fore implementation.

. Initiate necessary action through established authoriza-

tion and supply channels to obtain required clean room
equipment in sufficient time to support projected repair
schedules and allied modifications or construction pro-
grams.

. Request technical assistance as required from the Space

and Special Systems Program Management Director-
ate, Warner Robins Air Logistics Center regarding the
design and operation of clean rooms.

. Develop a procedure or take the necessary action for

Production Management, or an equivalent organization,
upon receipt of any item for overhaul/repair in an en-
vironmentally controlled area, and whose accompany-
ing technical order does not reflect the specific envi-
ronmental criteria required by Paragraph 2.1.1 of this
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technical order, to initiate an AFTO Form 22 against
that technical order requesting that it be revised to
specify the specific environmental criteria.

e. Prepare a decertification procedure as specified in Para-
graph 2.6, Step d to determine what action is necessary
in the event a facility is decertified by the clean room
officer.

f. Maintenance Engineering support groups shall review/
coordinate efforts with Base Civil Engineers to assure
facilities comply with Fed-Std-209 and AFM 88-4,
Chapter 5.

0. Develop procedures for periodically reviewing both
existing and changing work processes and equipment
to assure compliance with this Technical Order. Main-
tenance Engineering support groups shall review work
processes and equipment, and then coordinate efforts
with the clean room officer for acceptability. All work
processes and equipment that do not comply shall not
be alowed in the environmentally controlled areas.
Reviews shall be given at least once annually, and en-
gineering groups shall maintain records in accordance
with standard Air Force practices.

2.2 AIR FORCE SPACE COMMAND (AFSC).

Weapon System Program Directors shall ensure that system
development includes identification of components requiring
environmentally controlled conditions during maintenance
operations. These components shall be identified and docu-
mented in the appropriate repair technical order and shall
specifically designate the class environment needed as out-
lined in Paragraph 1.2 of this Technical Order. All of these
requirements will be satisfied prior to transition to AFLC.

2.3 OTHER COMMANDS.

Other Air Force commands that operate/maintain facilities as
described in this technical order shall comply with the pro-
visions presented. Each base or activity shall:

a. Appoint a clean room officer to meet the requirements
of Paragraph 2.5. His responsibilities shall be imple-
mented by local regulations supplementing the pecu-
liar operation.

b. Develop a procedure or similar action to initiate, upon
receipt of any item for overhaul/repair in an environ-
mentally controlled area and whose accompanying
technical order does not reflect the specific environ-
mental criteria required by Paragraph 2.1.1 of this
Technical Order, an AFTO Form 22 against that tech-
nical order requesting that it be revised to specify the
specific environmental criteria.

2-2

c. Prepare adecertification procedure as specified in Para-
graph 2.6, Step d to determine what action is necessary
in the event a facility is decertified by the clean room
officer.

2.4 BASE CIVIL ENGINEERING.

Base Civil Engineering shall:

a. Initiate, develop, and coordinate with the Production/
Maintenance Organization and the Clean Room Offi-
cer, a preventative maintenance program for all envi-
ronmentally controlled facilities as described in
Chapter 3 of this Technical Order.

b. Advise and coordinate with Production/Maintenance
Organization and the Clean Room Officer, al efforts
concerning environmentally controlled facilities to as-
sure proposals comply with Fed-Std-209 and AFM
88-4, Chapter 5.

¢. Advise the clean room officer when new environmen-
tal facilities are ready for inspection and certification
as specified in Paragraph 2.6. Certification of the new
facilities must be made prior to start-up.

d. Advise the clean room officer following HEPA filter
changes and repair and/or rework on filter banks when
they are accomplished on existing facilities. This is
required to assure that the room is decertified, tested
and recertified prior to the commencement of produc-
tion center work.

e. Perform periodic inspections and maintain records of
all air handling systems to determine if equipment and
HEPA filters are functioning properly. The inspection
shall be made at least once annually.

2.5 CLEAN ROOM OFFICER.

a. Each Air Force Base or Activity that maintains and
operates environmentally controlled area(s), as defined
herein and by Fed-Std-209, shall appoint a clean room
officer to meet the following requirements:

(1) The clean room officer at each Air Force Material
Command (AFMC) Air Logistics Center and
Aerospace Guidance and Meteorology Center
(AGMC) (Newark AFB, OH) shall be appointed
from the Physical Sciences Laboratory, and shall
have a minimum bachelor’s degree in engineer-
ing or arelated physical science. He shall also be
a member of the team of clean room experts as
described in Paragraph 2.1, Step g.
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(2) The clean room officer at all other Air Force ac-
tivities should have a minimum bachelor’s degree
in engineering or a related physical science, but
may be a qualified technician trained in contami-
nation control. Determination of qualifications
and appointment shall be made at base level by
management responsible for the work being done.

b. The responsibilities of the clean room officer shall in-

clude the following:

(1) Perform unannounced diagnostic investigations of
all classes of controlled environments and clean
work stations, as defined and covered by this
Technical Order, to determine if they meet estab-
lished standards. The investigation shall be per-
formed at least once each calendar month for
controlled areas and all classes of clean rooms,
and at least once every six months for clean work
stations. Certification or decertification shall be
made on the basis of this investigation and in ac-
cordance with Paragraph 2.6. Investigations shall
also be made following HEPA filter changes and
repair and/or rework on filter banks to ensure that
requirements are met. Records shall be main-
tained of data taken during the investigations.

NOTE

If automatic monitoring and recording of particle
count, temperature and humidity is used, the in-
vestigation can be performed once every six
months.

(2) Provide follow-up on al corrective recommenda-
tions for the purpose of determining their fulfill-
ments and results.

(3) Review repair and cleaning procedures/processes
upon request, and advise Production Management
and/or the SM/IM of any deficiencies noted.

(4) Maintain contact with the Equipment Specialist at
WR/ALC which is 404 SCM S/IGUEE for the pur-
pose of obtaining current clean room information
and provide information as required.

(5) Provide liaison between the Civil Engineer repre-
sentative and Director of Maintenance representa-
tive on all matters pertaining to clean room de-
sign and maintenance, including new facilities.

(6) Coordinate for the purpose of advising manage-
ment on matters concerning acceptance or rejec-
tion of all changes in clean room layout.

TO 00-25-203

2.6 CERTIFICATION/DECERTIFICATION PROCE-
DURES.

a. Certification/decertification shall be determined by the

clean room officer and shall be based on his diagnostic
investigation as specified in Paragraph 2.5, Step b(1).

. The local management, as designated in Paragraph

2.1.2, Step e and Paragraph 2.3, Step c, shall prepare
the certification/decertification procedures for the work
assigned to them. Because of the many types of hard-
ware and the various types of work being done in Air
Force environmentally controlled areas, a specific cer-
tification/decertification procedure cannot be prepared
to apply to al activities. The procedures can best be
prepared by those knowledgeable of the equipment and
facilities and those responsible for the work being
done.

c. Certification procedures shall include the following:

(1) Methods of maintaining records of airborne dust
counts, temperature, humidity, and other data as
required for each environmentally controlled area.
These records shall be maintained by the clean
room officer.

(2) A chart showing room identification, the class of
airborne contamination, date of certification, and
signature of environmental officer. The chart may
be kept by the clean room supervisor or displayed
at the entrance to the clean room.

(3) A chart or decal to be affixed to each clean work
station or laminar flow device. The chart or decal
shal show the class of airborne contamination,
expiration date of certification, ar velocity, and
signature of clean room office.

d. Decertification procedures shall include the following:

(1) Conditions and procedure for decertification. The
clean room officer shall verbally advise the clean
room supervisor immediately upon completion of
the diagnostic investigation if any of the specified
environmental control conditions are not met. Un-
less the cause of the deficiency is temporary as
noted, and cannot reasonably be expected to be
corrected within 24 hours, the facility shall be

Change 1 2-3
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decertified. Laminar flow clean work stations shall
be decertified immediately if the airborne con-
tamination is too high or air velocity is too low.

NOTE

It should be recognized that airborne contamina
tion levels, temperature, and humidity will peak
during extremely hot or cold weather, rainy days,
or during shift changes or similar breaks. The
clean room officer shall use judgement based on
the requirements of the work in process, past re-
cords, and experience in deciding to decertify a

facility.

@

3

Written notification. The clean room officer shall
give written notice of decertification to the appro-
priate division level of management within 24
hours after completion of the diagnostic investi-
gation if any of the specified environmental con-
trol conditions are not met and the condition is
not temporary. Upon decertification all work in
the area must stop or contingency plans must be
put into effect.

Disposition of work in process if atemporary en-
vironmental deficiency is noted or if a facility is

4

decertified. Disposition will depend on the end
item requirements and may include complete or
partial rework, work stoppage without rework,
special inspections, or use of a contingency plan.
Disposition should be determined in advance of
possible decertification so that prompt action can
be taken.

Contingency plan, if used. If the end item is a
critical item or has a critical schedule and if work
is to continue, a contingency plan must be used.
A contingency plan may include transfer of the
work to another adequate clean area, transfer of
work to an area that is cleaner than normally re-
quired (such as to a clean work station), use of
alternate work procedures requiring more frequent
cleaning and/or closer inspection than normally
required for quality control, or other special pro-
cedures depending on the end item requirements.
Contingency plans should be prepared in advance
so that prompt action can be taken if an environ-
mentally controlled facility is decertified.
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CHAPTER 3
TYPES OF ENVIRONMENTALLY CONTROLLED FACILITIES

3.1 GENERAL.

a. There are three basic types of permanent environmen-
tally controlled facilities that are utilized by the Air
Force to achieve contamination control while working
on systems hardware. The permanent facilities (real
property) are under the cognizance of Civil Engineer-
ing. They are, in order of cleanness:

(1) Controlled areas (Class 300, 000) - Chapter 4.
(2) Conventional Clean Rooms (Class 100, 000) -
Chapter 5.
(3) Laminar Flow Rooms - Chapter 6.
(@) Cross Flow (Class 10,000).
(b) Down Flow (Class 1,000).

b. The fourth type of environmentally controlled facili-
ties consists of the various types of portable and semi-
portable laminar flow devices. The laminar flow de-
vices are equipment items and are managed by the
Inventory Manager for IEST-STD-CC1246 at Warner
Robins Air Logistics Center.

Laminar Flow Devices - Chapter 7
(1) Class 1,000

(2) Class 100

3.2 DESIGN AND CONSTRUCTION.

Design and construction criteria for each type of environ-
mentally controlled facility is contained in AF Manual 88-4,
Chapter 5, “Criteria for Air Force Clean Facility Design and
Constructions.” The construction of new conventional type
(Class 100,000) clean rooms has been discontinued by the
Air Force. For the same initia cost, contamination control
can better be achieved by constructing a laminar flow room.
The laminar flow clean rooms have proven their worth in
both economy of operation and positive environmental con-
trol, and every effort should be made toward this type of
design. Where laminar flow clean rooms are not practical,
consideration should be given to using laminar flow devices
within a controlled area (Class 300,000).

3.3 ENVIRONMENTAL CONTROL REQUIRE-
MENTS.

Table 3-1 specifies the minimum standards required for each
type of environmentally controlled facility. All four types are
illustrated.
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CHAPTER 4
CONTROLLED AREAS (CLASS 300,000)

41 GENERAL.

4.1.1 Controlled Area. A controlled area is intended to
provide a semi-clean atmosphere somewhat better than am-
bient conditions of an air conditioned space. Equipment and
hardware that require some degree of contamination control,
but do not require a high degree of temperature and humid-
ity controls, are normally worked in this type of facility.
Most existing shops can be converted to controlled areas
with minor modifications when compared to the extensive
modifications that would be required to establish the various
classes of clean rooms as further defined in this technical
order. Compliance with the following chapters is required:

Chapter 2 RESPONSIBILITIES

Chapter 7 LAMINAR FLOW CLEAN
WORK STATIONS (as appli-
cable)

Chapter 8 GENERAL PRACTICES WITHIN
ENVIRONMENTALLY CON-
TROLLED FACILITIES.

4.1.2 Facility design. See Chapter 3 for reference to Air

Force design and construction manuals.

4.2 OPERATION AND MAINTENANCE.

4.2.1 Operation of a Controlled Area. The operation of
a controlled area is not as critical as other types of clean
facilities. Complete clean room uniforms or special clothing
are usually not required unless needed to maintain the integ-
rity of the room. Special clothing may also be required for
work on special items, but in most cases, a frock/smock and
cap will be sufficient. Exact clothing requirements will be
determined by local management and the environmental of-
ficer. Specia entering and exiting procedures are not re-
quired, but good housekeeping practices are essential. Fre-
guent cleaning is required to prevent dirt accumulation that
could cause concentrations of particulate contamination to
exceed the particle count specified in Table 3-1. Utilities,
fixtures, or any other equipment to be used in the controlled
area should be selected with cleaning in mind. In maintain-
ing the room, the floor, walls, and ceiling shall be painted or
covered with materials that can withstand constant cleaning.

4.2.2 Specific Environmental Conditions. Specific envi-
ronmental conditions, particle count, and other requirements
for controlled areas are specified in Table 3-1. Comments on
some of the requirements are as follows:

4.2.2.1 Air Conditioning. Air Conditioning will be stan-
dard commercia design except that the filtration system shall
be rated 80-85% efficient Natural Black Slate (NBS) for 1.0
micron and larger particles. The air handling unit will be
designed to provide at least 10 air changes per hour. Where
feasible, thought should be given to installing equipment
with sufficient capacity (stetic pressure and Center Fregquency
Modulation (CFM)) whereby High Efficiency Particulate Air
(HEPA) filters could be installed if required. Air handling
equipment will run continuously. However, in the interest of
energy conservation, air handling equipment may be rou-
tinely turned off during periods when rooms served by that
equipment are not being used provided that the following
conditions have been satisfied.

4.2.2.1.1 Precautions have been taken to remove and/or
protect the items or materials being worked in the rooms to
be shut down.

4.2.2.1.2 Permanently installed equipment has been pre-
pared so as not to be adversely affected or damaged by the
loss of the controlled environment.

4.2.2.1.3 Before operations can be resumed in the shut
down cleaned rooms and controlled areas, the air handling
system will have to have been functioning a sufficient length
of time for the particle count to be below the specified limits
and the temperature and humidity to have stabilized within
preserved limits.

4.2.2.2 Particle Count Tolerance. The operation toler-
ance for Controlled Areas shall be no more than 300,000
particles 0.5 micron and larger per cubic foot of air or no
more than 1000 particles 5.0 microns and larger per cubic
foot of air when measured with automatic particle counters.
The tolerance shall be no more than 700 particles 5.0 mi-
crons and larger per cubic foot of air when measured by the
manual method.

NOTE

The manua method shall not be used if an auto-
matic particle counter is available.

4.2.2.3 Pressure Differential. A sufficient pressure differ-
ential will be maintained at all times to prevent contami-
nated air from flowing into the controlled area. An air lock is
desirable, but is not required if room integrity can be main-
tained without it.

4-1
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4.2.2.4 Environmental Conditions. In general, norma
shop areas will not exceed 80 °F and the relative humidity
will be 50% or less, but actualy, controlled areas may be
very flexible in certain cases. If laminar flow clean work
stations are not used in the area, and if the environmental
conditions specified in Table 3-1 conflict with that specified
in an end item overhaul technical order, then the end item
technical order shall take precedence. If a controlled area
incorporates laminar flow clean work stations (class 100 or
1,000) for the purpose of critical work, then the temperature
and humidity shall meet the requirements of a class 100,000
clean room as specified in Table 3-1.

4-2

4.3 MONITORING.

The clean room officer shall monitor at least once a month
all controlled areas for the particle count and environmental
conditions specified in Table 3-1. Certification/decertification
shall be in accordance with Paragraph 2.6. If laminar flow
clean work stations are incorporated as stated above, then
the temperature and humidity of the controlled area shall be
monitored and certified or decertified as meeting the same
requirements as a class 100,000 clean room. Monitoring pro-
cedures are outlined in Chapter 9.
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CHAPTER 5
CONVENTIONAL CLEAN ROOM (CLASS 100,000)

5.1 GENERAL.

The magjority of the existing clean rooms in the Air Force are
conventional clean rooms. These rooms require special con-
struction materials, air conditioning, and filtration systems.
As shown in Figure 5-1, turbulent air flow conditions are
inherent in conventional clean rooms, and personnel are re-
quired to wear complete coverage uniforms in order to iso-
late human generated contamination from critical systems.
Air locks are required at entrances and exits, and positive
internal pressureis required to prevent contaminated air from
flowing into the room. Conventional clean rooms are utilized
to repair sensitive electromechanical, electronic, and optical
systems such as gyros, velocity meters, and reconnaissance
cameras, etc., where the items of hardware are susceptible to
failure by particulate contaminants, humidity, or temperature,
any of which exceed those specified in Table 3-1. However,
it may be left up to the cognizant engineer on requirements
of clean room clothing. Compliance with the following chap-
ters is required:

Chapter 2 RESPONSIBILITIES

Chapter 7 LAMINAR FLOW CLEAN WORK
STATIONS (as applicable)

Chapter 8 GENERAL CLEAN ROOM

PRACTICES

5.2 DESIGN AND CONSTRUCTIONS.

5.2.1 Facility Design. See Chapter 3 for reference to Air
Force design and construction manuals.

5.2.2 Layout. A sample layout of a conventional clean
room is presented in Figure 5-2. The illustration is used here
solely to facilitate the presentation of procedures and not to
define the exact shape of clean rooms. The following should
be considered in the layoult:

5.2.2.1 Change/Locker Room. Change/Locker rooms
provide employees or visitors with a place to prepare them-
selves for entry into the clean room. A sample change/locker
room is shown as a part of Figure 5-2. These rooms are
connected to the clean room by air locks. Change rooms
shall receive clean filtered air equal to that supplied to the
clean room. In most cases they are supplied by the same air
conditioning system. The locker room need not be a separate
room but only a place where overcoats, inclement weather
garments, etc., can be stored prior to donning clean room
garments. The locker room is considered an uncontrolled
area. An effective shoe cleaner will be provided at the en-
trance to the change/locker room, and an effective sole
cleaner, tacky or sticky mat will be located between the
change room and the entrance to the clean room.

5.2.2.2 Wash Rooms. Wash rooms, including toilet fa-
cilities, are normally provided. The washing facilities incor-
porate lavatories, liquid soap dispensers, and warm air hand
driers. Air hand driers may be a source of contamination and
those used should be specifically designed to produce awarm
but relatively particle free air stream. A vacuum drier may be
used as a substitute.

5.2.2.3 Equipment Air Locks. An equipment air lock is
provided to accommodate most equipment which must be
moved in or out of the clean room. The air lock also serves
as an area where final cleaning operations can be performed
on equipment prior to entry into the clean room. This air
lock is not used during normal operation of the clean room.
For large infrequently moved items, temporary air locks may
be constructed of polyethylene or similar plastic sheet.

5-1
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Figure 5-1. Typical Class 100,000, Clean Room Air Patterns

5.2.2.4 Pass Through Windows. Pass through windows
or pass through boxes are small air locks through which hand
tools or small parts can be transferred in or out of the clean
room without carrying them through the larger air locks.
They are for use during operating hours and will help mini-
mize personnel traffic in and out of the clean room, and thus
minimize the spread of contamination.

5.2.2.5 Clean Room. Clean rooms are restricted areas
with limited access in which critical work is performed. Uni-
forms are required for all individuals entering. The rooms

5-2

are for the most part self-contained in that they incorporate
all necessary power wiring, plumbing, vacuum systems,
workbenches, vapor hoods, cleaning chambers, test equip-
ment, furniture, part deli very systems, lighting and fixtures.

5.2.2.6 Office Space. Office space is provided as an un-
controlled area outside the clean room for routine paperwork.
The supervisor's office is generaly in the space, and win-
dows are used to review the clean room.
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5.3 FURNITURE AND FIXTURES.

5.3.1 Furniture and Fixtures. Furniture and fixtures for
clean room use must be selected with care. Materials will be
chosen to resist the generation of particles by chipping, flak-
ing, oxidizing, or other deterioration. Normal paint will not
be used in areas which are subject to repeated contact with
personnel or other objects in the clean room (such as work-
bench legs). Should such surfaces require painting, an epoxy;,
polyester, or similar surface coating will be used. (Note: In-
structions for the preparation and application of these coat-
ings must be followed exactly in order to obtain desired re-
sults. Surfaces must be prepared properly.) Contemplated
usage will dictate the choice of materials for clean room
furniture and fixtures. Items which can expect to be bumped,
knocked, abraded, etc., by personnel, will possess a tough,
resilient, low particle generating surface such as stainless
steel, a formica type material, or material of equivalent sur-
face qualities. If not subject to such treatment, the items may
be of conventional design. Sound engineering economy prin-
ciples should prevail. Commercia food handling or restau-
rant type equipment is usually acceptable for clean room
use.

5.3.2 Benches or Tables. Benches or tables selected for
use in a clean room may have varied shapes and sizes de-
pending on the workload. These units will have large radius
bullnoses on all edges which will come in contact with em-
ployee arms. Formica type surface tops are preferred. The
bottom of the bench will be sealed so it can be easily cleaned.

5.3.3 Chairs. Chairs used in clean rooms will not contrib-
ute to particle generation. Most cushioned chairs are unde-
sirable unless completely sealed. Metal, fiberglass, or similar
type chairs are preferred. Those portions of chairs which will
come in contact with the body during use, such as the seat
and back rest, if made of metal, will be cool to the feel.

5.4 CLOTHING REQUIREMENTS.

The minimum clothing required in the conventional clean
room are coveralls, caps, and clean room shoes. Shoe covers
may be substituted for clean room shoes if shoes are not
available. Additional clean room clothing such as frocks,
hoods, and gloves may be required, depending on the end
item requirements and the type of work being done. Clothing
specifications, laundry requirements, and general practices
are described in Paragraph 8.3.

5.5 OPERATION.

5.5.1 Entering Procedures. The following shall apply:

a. Before entering the change/locker room from an envi-
ronmentally uncontrolled area, the employee removes
his weather protective clothing such as raincoat, over-
coat, boots, rubbers, etc., and puts them into his locker

5-4

or place provided for their storage (see Figure 5-2,
“Sample Clean Room™). He then cleans his shoes with
a shoe cleaner using the procedure prescribed by the
shoe cleaner manufacturer. The cleaning procedure will
prevent the cleaned shoe from becoming re-contami-
nated upon removal from the unit. A cleaner will effec-
tively clean the sole of the shoe, including the indented
area in front of the heel. A visual check will be made
to ensure that caked contaminants such as mud, dirt,
sand, salt, cement, etc., have been moved from shoes
and clothes. He shall then obtain a complete packaged
uniform from the issue room and proceed to the change
room. In the change room, if necessary, the employee
washes his face and hands, using liquid detergent and
awarm air drier.

b. He shall then open the plastic bag and inspect the uni-
form for holes or tears. Any portion damaged shall be
turned in for repair and replaced with an undamaged
garment. He will then don his uniform using care to
minimize contamination. When donning shoes or shoe
covers, personnel will not place the clean room shoe or
shoe cover in the area previously occupied by the street
shoe. Care shall be taken to wear the uniform properly
and the following shall be checked prior to entering
the clean room.

5.5.1.1 All snapsg/buttong/zippers shall be fastened snugly.
5.5.1.2 Caps shal cover all hair possible, particularly
above the forehead. Only a small portion of sideburns and
the tuft at the back of the neck are allowed to be exposed.

5.5.1.3 Hoods and snoods shall cover all hair possible,
particularly above the forehead, and the hood/snood skirts
shall be tucked inside the uniform collars.

5.5.1.4 Coverall pantslegs shall be tucked inside boot type
shoe covers.

5.5.1.5 If small shoe covers or clean room shoes are used,
then the coverall pants leg shall fit snugly.

NOTE

Clean room shoe covers or shoes shall be donned
last. Prior to entering the clean room the employee
shall walk over a sole cleaner, gelatin, sticky, or
tacky mat in the air lock.

5.5.2 Exiting Procedure. Upon leaving the clean room,
the employee shall remove his clean room uniform and store
it in a shielded area. If the lockers or shelves provided are
not shielded, then he shall fold the uniform and place it in a
plastic bag and place it on a shelf. The clean room shoes or
shoe covers shall be handled similarly in a separate plastic
bag. The employee may then leave the premises.
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5.5.3 Employee Disciplines. Personnel requirements and
employee disciplines are described in Paragraph 8.1 of this
Technical Order.

5.5.4 Parts, Tools, Equipment, and Material Cleaning.
Cleaning practices for clean room work are described in
Paragraph 8.2 of this Technical Order.

a. Prior to entry into the clean room, al parts, tools,
equipment, and material shall be cleaned. The selec-
tion of cleaning methods is dependent on the type of
contaminant the materials of construction of the items
to be cleaned, and the degree of cleanliness required.

b. Large items of equipment being moved into the clean
room will be thoroughly vacuumed prior to entry.
Rough cleaning will be accomplished in an uncon-
trolled area; however, the final cleaning operation must
be done in an air lock. This equipment will be moved
into the clean room when operations in the room are
“shut down” or at a minimum.

¢. Small hand tools used in the clean room will be cleaned
(ultrasonically when possible) prior to entry and at
scheduled intervals. The exact schedule will be deter-
mined by local management on an individual basis.

d. Genera cleaning of parts will occur outside of the
clean room. Pass-through boxes are used to transfer
clean parts into the clean room. Where cleaning opera-
tions must be conducted inside the clean room, ad-
equate ventilation for the cleaning equipment must be
provided or the work shall be done in a reverse flow
booth.

e. All tools used in clean rooms shall be of approved
types and meet the required specifications for material,
hardness, corrosion resistance, particle generation, and
overall acceptability of plating when tools are plated.

5.5.5 Material and Parts Handling.

a. Material and parts shall be handled in “tote boxes’ or
plastic bags. The surface of the containers will be
smooth to reduce the generation of particulate matter.
Cleanliness is of utmost importance. The care exer-
cised in cleaning of the container must be as thorough
as that given the part to be carried.

b. Parts which are sensitive to human contact shall never
be handled by unprotected hands. Such precision com-
ponents shall always be handled by tools or gloved
hands. In most applications clean plastic, surgical
gloves, or finger cots approved by the Physical Sci-
ences Laboratory or the environmental officer will be
suitable.

TO 00-25-203

c. Tools shall be stored in such a manner that they cannot
pick up or transfer contaminants.

d. Storage racks shall be easily cleaned, accumulate little
dust, and be constructed of material which resists de-
terioration. It has been found that meat racks consist-
ing of open bar or mesh grill are excellent storage racks
in clean rooms.

5.6 ROOM MAINTENANCE.

5.6.1 Housekeeping. Good housekeeping practices are of
prime importance in clean rooms. When cleaning a room, it
must be kept in mind that the mere addition of cleaning
personnel to the environment will increase the contamination
level in the room. Therefore, the times the rooms are cleaned
must be chosen with care. An important point to remember
is that it will take some period of time for the increased
contamination level caused by the cleaning operation to de-
crease. This length of time is dependent upon the number of
air changes per hour. As the number of air changes increases,
the length of time for the contamination level to reach op-
erational standards decreases. With this in mind, cleaning
will be scheduled locally.

5.6.2 Mopping. Cellulose mops and sponges shall be used
with clean water. High grade plastic buckets which are not
subject to flaking should be used, and if it is necessary that a
detergent be used, a careful investigation by the clean room
officer should be made to determine the “residue producing”
properties of the detergent. No standard test for thisis avail-
able, therefore, the clean room officer shall judge detergents
on a relative basis.

5.6.3 Vacuuming. A central vacuum cleaning system or a
portable vacuum cleaner with a filtered exhaust shall be em-
ployed for vacuum cleaning. This type of cleaning should be
scheduled after the shift ends. Minor dry floor and bench
vacuuming can be performed, if necessary, during room op-
eration if the equipment and procedures used will ensure a
minimum of disturbance to settled particles.

5.6.4 Waxing. Foors shall not be waxed.

5.6.5 Housekeeping Equipment. Housekeeping equip-
ment, utensils, and similar equipment are sources of con-
tamination. Care shall be exercised while using the equip-
ment so that room integrity is not harmed. Whenever these
items are to be taken into the clean room, they will be thor-
oughly cleaned and vacuumed prior to their entry.

5.6.6 Worker Responsibility. Each worker should be re-
sponsible for cleaning his assigned work station at periodic
assigned intervals during the work shift. This prevents im-
proper handling of the workpiece by room maintenance per-
sonnel.

5-5
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5.7 MONITORING.

5.7.1 General. The clean room officer shall monitor at
least once a month al conventional class 100,000 clean
rooms at his base/activity for the particulate, pressure, tem-
perature, and humidity standards prescribed in Table 3-1.
Detailed monitoring procedures are described in Chapter 9.
The purpose of this monitoring is for certification/decertifi-
cation of the facilities in accordance with Paragraph 2.6. An
occasional peaking of contamination is permissible for a few
minutes time. However, continuing out-of-tolerance condi-
tions indicate a serious problem with the clean room sys-
tems. These conditions are unacceptable and may be cause
for decertification whereupon Management shall be informed
as outlined in Paragraph 2.6.

NOTE

When a statistical analysis is used to determine
the reliability of a clean room remaining in con-
trol, a computer program is available in CREATE
on the AFL C time sharing computer.

5.7.2 Particulate Contamination. The contamination
level varies throughout a conventional clean room but should
always remain below the standards during work shifts. Fig-
ure 5-3 represents contamination at a particular location for
a 24 hour period. The contamination variation is caused by
turbulent air conditions and the varying amounts of particles
being generated throughout the room. The highest level of
contamination is not necessarily near the exhaust air ducts.
The important portions of any class 100,000 clean room are
the workbenches and the areas surrounding the products be-
ing worked. A qualitative identification of airborne contami-
nants may be reguested where room contamination levels
remain above operationa standards. Identification will help
trace and eliminate the cause of contamination. Identification
of most airborne particles may be made by using the follow-
ing techniques: A standard microscope, a polarizing micro-
scope, an electron microprobe or micro-chemical analysis.

5-6

5.7.3 Temperature. The temperature within aroom varies
from point to point. This temperature variance is sometimes
referred to as the temperature gradient within the room. Since
cool air is entering the room from the air conditioner and
heat is being liberated to the air from people and equipment,
different level and regions of temperature are to be expected
through the room. The three to five foot elevation is of prime
importance, and temperature control must be maintained in
this zone. No reading should be taken within two ft. of a
heat producing unit. Unless a product is very sensitive to the
rate of temperature change, temperature can be monitored at
any convenient spot. If necessary, an alarm system may be
placed within the supply air duct to warn of any sudden
malfunction of the air conditioning system.

5.7.4 Humidity. Humidity can become troublesome if it is
allowed to reach alow level where static charges are gener-
ated by clean room personnel or a high level where metallic
oxidation may be a problem. Generally speaking, a relative
humidity level of no less than 30% and no more than 50% is
desired. There are many clean rooms that are functioning at
humidity levels of less than 30%. This is possible only be-
cause the ambient humidity is very low and they are experi-
encing no difficulty with static electricity. Relatively few
products are supersensitive to humidity tolerance; therefore,
close humidity tolerances are usually not necessary. For those
items where humidity tolerance is critical, specia control
measures should be employed.

5.7.5 Pressure. Positive pressure shall be maintained in
conventional clean rooms in order that contaminated air will
not flow toward the clean area. The air flow is aways from
the clean space outward to a contaminated area.
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CHAPTER 6

LAMINAR FLOW CLEAN ROOMS CROSS FLOW (CLASS 10,000) AND
DOWN FLOW (CLASS 1,000)

6.1 GENERAL.

Laminar flow clean rooms are the latest in clean room design
and are second generation to conventional clean rooms. A
higher level of cleanliness can be maintained in these type
facilities because of the nature of laminar air flow patterns.
Turbulent air flow patterns, which are characteristic of con-
ventional clean rooms, tend to stir up and keep internaly
generated contamination in the air mass that lingers within
the room. Laminar air flow patterns, which are essentially
unidirectional as the air flows from the air supply to the
exhaust, eliminate or substantially reduce the turbulent flow,
and produce a cleaner air mass within the room. These types
of clean rooms are generally classified as cross-flow (class
10,000) and down-flow (class 1,000), but are capable of be-
ing maintained at class 100. Laminar flow clean rooms have
proven their worth in terms of economy and positive con-
tamination control, and will be the only types constructed by
the Air Force in the future. Compliance with the following
chapters is required:

RESPONSIBILITIES

GENERAL CLEAN ROOM
PRACTICES

Chapter 2
Chapter 8

6.2 DESIGN AND CONSTRUCTION.

6.2.1 Facility Design. See Chapter 3 for reference to Air
Force design and construction manuals.

6.2.2 Types. Although the cross-flow and the down-flow
laminar flow clean rooms are generally considered the two
basic configurations, other variations should be noted. The
following types are used in the Air Force.

6.2.2.1 Cross-Flow. When the air flow is essentially hori-
zontal, flowing from one wall to an opposite exit wall, the
clean room is called a cross-flow or horizontal laminar flow

clean room. A typical cross-flow room is shown in Figure
6-1. Some degree of air cleanliness will be sacrificed toward
the exhaust end of the room.

6.2.2.2 Down-Flow. When the air moves from ceiling to
floor with the floor serving as the return air grille, the room
is caled a down-flow or vertical laminar flow clean room.
The down-flow design provides the greatest contamination
control over the entire working area because airborne con-
tamination is immediately carried down and out of the room
as soon as it is generated. Down-flow rooms also take ad-
vantage of the force of gravity on larger particles for re-
moval; therefore, the air velocity can be less in a down-flow
room (50 ft. per min) than the cross-flow room (100 ft. per
min). A typical down-flow room is shown in Figure 6-2. It
will be possible to maintain a down-flow room at class 100
if required.

6.2.2.3 Twin Cross-Flow Clean Room. This type of fa
cility is actually two cross-flow clean rooms placed side by
side as shown in Figure 6-3. One room returns the air for the
other room. This design allows for some dollar savings over
one large cross-flow clean room. It alows small workloads
to be handled in individual rooms, usualy resulting in better
layout.

6.2.2.4 Down Flow Curtain Unit. The down flow curtain
unit is portable and is a compromise between alaminar down
flow room and an individual down flow clean work station.
The air handling equipment and HEPA filters are located on
an overhead framework supported by legs as shown in Fig-
ure 6-4. The filtered air flows downward and exits under the
plastic curtain sidewalls. The unit can be mounted on casters
and rolled into any position with ease.

6-1
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Figure 6-1. Laminar Cross-Flow Room
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Figure 6-2. Laminar Down-Flow Room
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Figure 6-3. Twin Cross-Flow Room

6.2.2.5 Tunnel Clean Room. Thetunnel clean room com-
bines features of the cross flow room and the down flow
curtain unit. The tunnel is made of prefabricated modules
which can be assembled and disassembled with relative ease,
giving a high degree of portability. The air handling equip-
ment and HEPA filter bank are located at one end while the
opposite end is open. The tunnel can be extended to 70 ft. in
length and made to any width. A typical unit is shown in
Figure 6-5. The unit will provide cleanliness approaching
that of a cross flow room.

6.2.3 Air Handling Equipment. The air handling system
for ahorizontal laminar flow clean room will be designed for
an air velocity of 100 ft. per minute at the filter face. HEPA
filters must be placed to fill the entire cross section of one
wall or agood laminar air flow pattern will not develop. The
air handling system for a vertical laminar flow clean room
will be designed for an air velocity of 50 ft. per minute at the
filter face. The entire ceiling will be filled with HEPA filters
or diffuser panels (after filtration) in order to obtain a good
laminar flow pattern (see Figure 6-2).

6.3 CLOTHING REQUIREMENTS.

Clean room clothing, such as a smock/frock and cap/hood/
snood, is required in a laminar flow clean room. Additional
clothing, as determined by the operating management, may

6-4

be necessary to prevent contamination of the work by skin
oil, hair, dandruff, etc.

6.4 OPERATION.

The operation of laminar flow clean rooms is similar to that
of conventional clean rooms in many respects but different
in others. The main difference is the importance of locating
equipment within laminar flow rooms to minimize eddy cur-
rents or turbulent air flow patterns. Equipment layout re-
quirements are described in Paragraph 5.3.2. Similarity in
operation will require adherence to the following paragraphs
in Chapter 5:

e Use of proper furniture and fixtures (Paragraph 5.3).

e Parts, tools, equipment, and material cleaning (Para-
graph 5.5.4).

e Material and parts handling (Paragraph 5.5.5).
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Figure 6-4. Down-Flow Curtain Unit (Portable)
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Figure 6-5. Tunnel Clean Room (Prefab Module)

6.4.1 Equipment Layout. Equipment layout is important
in laminar flow rooms and many things must be considered
in order to minimize turbulent air flow patterns. It is impera-
tive that equipment is spaced and located in such a manner
that interferences with the laminar air flow patterns will be
minimized. If laminar air flow patterns are not maintained
and eddy currents are formed, then the design integrity of
the clean room will be destroyed. The type of work being
done, end item flow, personnel flow, equipment sizes, emis-
sion patterns, etc. are all important and must be analyzed in
detail in order to obtain the optimum air flow patterns.

6.4.1.1 Cross-Flow Rooms Layout. Figure 6-6 and Fig-
ure 6-7 illustrate the emission patterns when personnel or
objects are located in the air stream of cross-flow rooms.
The size of dead air spaces and eddy currents depends on the
size of objects deflecting the air stream. For utmost utiliza-
tion of a facility, steps should be taken to determine the
length, width, and depth of these patterns. Equipment in a
cross-flow room shall have the widest side paralel to the air
stream. The only exceptions will be those reviewed and ap-
proved by the clean room officer. Operations requiring the
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highest environmental control shall be located closest to the
inlet air filter bank, and operations that require less stringent
control of the environment and those that produce contami-
nation should be located on the exhaust side of the room. No
equipment shall be placed within 2 ft. of the inlet air filter
bank wall without review and approval of the clean room
officer and only open equipment such as plain tables, wire
storage racks, etc., may be placed within 2 to 5 ft. of the
inlet air filter bank. Enclosed equipment up to 2 ft. wide
such as test consoles, cabinets, etc. should not be closer than
5 ft. to the filter bank. Care should be exercised in placement
of this type equipment because small eddy currents are likely
to occur. Location of enclosed equipment more than 2 ft.
wide requires specia consideration because eddy currents
will be formed. It is desirable to locate large equipment near
the exhaust end of the room. Figure 6-8 shows a typical
layout where workbenches are placed upstream and the larger
consoles are located at the exhaust end of the room, thus
minimizing the disruption of laminar air flow patterns. Stag-
gering equipment and personnel may also help in minimiz-
ing the disruption of air flows. After all layouts are complete
and equipment located, the air flow pattern must be checked
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by the environmental officer, and if necessary, equipment and
personnel will be relocated to eliminate dead air space or
poor flow patterns.

6.4.1.2 Down-Flow Rooms Layout. In a down-flow
room, less concern need be given to equipment layout since
contamination will exit through the floor as it is generated at
any work station. At least 2 ft. shall be maintained between
large items of equipment and between all equipment and all
walls. This arrangement is necessary for the air flow patterns
to “wash” contamination down and around equipment.
Smaller equipment, narrow tables and workbenches may be
placed end to end to form rows if aisles are maintained on
each side of the row. Figure 6-9 illustrates the emission pat-
tern and Figure 6-10 illustrates the proper equipment layout
in a down-flow clean room. After al layouts are complete
and equipment located, the air flow pattern must be checked
by the environmental officer and if necessary, equipment and
personnel will be relocated to eliminate poor flow patterns.

6.4.2 Entering and Exiting. Some laminar flow clean
rooms have the same locker/change room support facilities
as conventional clean rooms and others do not. For those
laminar flow clean rooms that have similar facilities, the en-
tering and exiting procedure shall be the same as for conven-
tional clean rooms as described in Paragraph 5.5.1 and Para-
graph 5.5.2. For those laminar flow clean rooms that do not
have locker/change room support facilities, the following en-
tering and exiting procedures shall be adhered to:

TO 00-25-203

6.4.2.1 Cross-Flow Rooms. Personnel entering shal
stow al over garments outside the room. They shall clean
their shoes with a shoe cleaner prior to entering the clean
room and proceed directly to a portion of the downstream
side of the room specifically designated as the change area.
They shall don a smock or frock and a cap or hood. Wall
mirrors shall be provided in the change area so that person-
nel may check their clean room dress prior to proceeding to
their work area. Exiting personnel shall proceed to the change
area and remove their clean room garments, stow them in a
place provided in the area and proceed directly to the exit.

6.4.3 Down-Flow Rooms. Personnel entering shall stow
al over garments outside the room. They shall clean their
shoes with a shoe cleaner prior to entering the clean room
and proceed directly to a portion of the room near the en-
trance specifically designated as the change area. They shall
don a smock or frock and a cap or hood. Wall mirrors shall
be provided in the change area so that personnel may check
their clean room dress prior to proceeding to their work area.
Exiting personnel shall proceed to the change area and re-
move their clean room garments, stow them in a place pro-
vided in the area, and proceed directly to the exit.

6-7
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Figure 6-6. Emission Pattern Cross-Flow Room
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Figure 6-7. Air Pattern Created in a Cross-Flow Clean Room
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Figure 6-8. Cross-Flow Clean Room Layout with Various Bench and Console Operations
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Figure 6-9. Emission Pattern Down-Flow Clean Room
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Figure 6-10. Down-Flow Clean Room Layout
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6.5 ROOM MAINTENANCE.

Good housekeeping practices are of prime importance in
laminar flow clean rooms. The presence of people within the
rooms adds significantly to the contamination level. Rooms
shall be cleaned in accordance with local schedules estab-
lished to be consistent with the class of clean room. The
clean up time of the air within the room will be rapid due to
the laminar flow characteristics of the air.

6.6 MONITORING.

NOTE

For comments on temperature, humidity, and pres-
sure monitoring, refer to Paragraph 5.7.3, Para-
graph 5.7.4, and Paragraph 5.7.5.

6.6.1 General. The clean room officer shall monitor at
least once a month all laminar flow rooms at his base/facility
for the particulate contamination, pressure, temperature, air
velocity, and humidity standards prescribed in Table 3-1. De-
tailed monitoring procedures are described in Chapter 9. The
purpose of this monitoring is for certification/decertification
of the facilities in accordance with Paragraph 2.6. An occa-
sional peaking of contamination is permissible for a few
minutes time. However, continuing out of tolerance condi-
tions indicate a serious problem with the air filtration sys-
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tem. These conditions are unacceptable and may be cause
for decertification whereupon Management shall be informed
as outlined in Paragraph 2.6.

6.6.2 Particulate Contamination. Since turbulent condi-
tions do not prevail in laminar flow rooms, particulate moni-
toring presents some problems. In cross flow rooms, levels
of particulate contamination will vary in proportion to the
distance from the filter bank wall. Work areas that are down-
stream of other work areas are susceptible to higher con-
tamination levels. Contamination levels may be higher
around particular workbench operations, and are highest dur-
ing peak operations when the room is fully manned. Levels
of particulate contamination in down-flow rooms are gener-
ally consistent throughout the room. In either case, the work-
benches and areas surrounding the work area are critical, and
particle counts should he made in these aress.

6.6.3 Air Velocity. Air velocity shall be checked for com-
pliance with the requirements specified in Table 3-1. In
cross-flow rooms the air velocity shall not vary more than 20
ft. per minute throughout the facility, and shall not drop be-
low 75 ft. per minute at any work station or operation being
performed (isolated deviations, if warranted, may be ap-
proved by the clean room officer). In down-flow rooms, the
air velocity should not drop below 50 ft. per minute at any
work station.
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CHAPTER 7
LAMINAR FLOW CLEAN WORK STATIONS (CLASS 100 AND CLASS 1,000)

7.1 DESCRIPTION.

7.1.1 Offering a High Degree of Flexibility to Opera-
tions. Laminar flow clean work stations offer a high degree
of flexibility to operations which must be performed where
clean rooms are not available or practical. In such situations
the ambient contamination level of the room will be very
high in comparison to the environment within the laminar
flow work stations. Laminar flow work stations operate on
the principle of removing contamination from the work space
as soon as it is generated. It accomplishes this by blowing
clean air from High Efficient Particulate Air (HEPA) filters
over the work area at a velocity of 100 ft. per minute. The
laminar air flow is unidirectional and carries contamination
away from the work. Laminar flow work stations are avail-
able as modular units and are likened to building blocks
which can be arranged in various configurations to handle
many different product lines. Increased clean room flexibility
can be achieved by using modular units that permit various
arrangements within the room. The size and shape of the
workbenches may vary, depending on the type of work being
performed.

7.1.2 Achieving the Highest Class Cleanness. Laminar
flow clean work stations are designed to achieve the highest
class cleanness (Class 100) specified in this Technical Order,
but they may also be used to achieve Class 1,000. If a lami-
nar flow work station is used to achieve a lesser clean con-
dition than class 100, then it shall be labeled for that class
and be monitored for the higher particulate count. Class 100
laminar flow clean work stations are normally located in
conventional clean rooms, controlled areas, or laminar flow
clean rooms as defined by this Technical Order. Class 1,000
or higher clean work stations are normally located in con-
trolled areas or air conditioned rooms. If clean work stations
are placed in air conditioned spaces, care must be exercised
to assure that air flow patterns within the work station are
not disturbed by turbulent air flow from outside areas when
doors are opened and closed.

7.2 DESIGN.

7.2.1 Laminar Flow Clean Work Station. Laminar flow
clean work stations are standard commercial equipment items
and are federally stock listed under IEST-STD-CC1246
which is managed by Warner Robins Air Logistics Center,
Directorate of Material Management. The following design
considerations are mandatory:

7.2.1.1 Material. A smooth, durable material not suscep-
tible to flaking must be used such as glass, plexiglass, lami-
nated panels, stainless steel, or equivalent material.

7.2.1.2 Particle Count. Air filtration must meet the par-
ticle count of class 100 (Fed-Std-209) with no more than
100 particles per cubic foot of atmosphere 0.5 micron and
larger. This condition must be met throughout the entire
workbench upstream of the work piece unless the workbench
is labeled for a lesser cleanliness level (class 1,000).

7.2.1.3 Filters. The final filters shall be high efficiency of
99.97% rated by D.O.P. Test. The filters shall conform to
MIL-F-51068 and shall be tested before installation. The
prefilters can be disposable or of a material capable of being
cleaned and reused. The HEPA filters shall be absolutely
sealed.

NOTE

Dioctyl-phthalate smoke test. This test measures
the amount of three tenths micron chemical smoke
that the filter will pass. This size is the most diffi-
cult to remove since it tends to follow the air
stream through the filter.

7.2.1.4 Air Flow. An average velocity shall be between 72
and 200 ft. per minute at any point. No single reading shall
be less than 72 ft. per minute at any point. It is very impor-
tant that the air flow be essentially laminar. The clean work
station is enclosed on the sides and top to ensure laminar
flow and prevent air currents from causing contamination of
the workbench.

7.2.1.5 lllumination. Shadowless illumination with a mini-
mum intensity of 100 foot candles will be provided at bench
level. Precautions will be taken to avoid glare and excessive
illumination.

7.2.2 Types. The size or shape of the clean work station
may vary depending on the type of work being performed.
The flow of air may be horizontal or vertical as long as the
flow is essentially laminar and achieves the cleanliness level
desired. Various configurations of clean work stations are
available to adapt to most any requirement. Some of the
units are floor mounted while others can be placed directly
on top of standard workbenches. Basic configurations are as
follows:

7.2.2.1 Horizontal Clean Work Station. This bench
brings the air in from underneath and exhausts in a horizon-
tal direction across the workbench as illustrated in Figure
7-1.

7-1
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7.2.2.2 \Vertical Clean Work Station. This bench brings
the air from the front lower side and exhausts in a downward
vertical fashion as illustrated in Figure 7-2.

7.2.2.3 Reverse Flow Work Station. This bench contains
the same accessories as the other types except the filters and
air flows are reversed as illustrated in Figure 7-3. This bench
can be used for soldering operations and to disassemble
components that would otherwise contaminate the room. It is
important to note that all work accomplished within reverse
flow benches must be strictly controlled. All reverse flow
benches will be provided with adequate vacuum attachments

PLENUM CHAMBER
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N e
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GRILL
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TO EXHAUST
CONNECTION

AIR FLOW —4- i
T~ BLOWER

PREFILTER

which will be used to clean bench surfaces and prefilters as
work progresses. If the reverse flow work station exhausts
back into the clean environmentally controlled area, then the
work station shall be certified as specified by the environ-
mental officer (for the exhaust air) in accordance with Para-
graph 2.5, Step b(1).

7.2.2.4 Portable Down Flow Clean Work Station. This
work station has a self-contained blower and filter system
and is used primarily to isolate large items of system hard-
ware that require environmental classes 1,000 or 100. Figure
7-4 illustrates a typical portable clean work station.
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Figure 7-2. Vertical Clean Workbench
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Figure 7-3. Reverse Flow Workbench
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Figure 7-4. Down-Flow Clean Booth (Portable)

7.2.2.5 Dual Laminar Flow Clean Work Station. This
bench operates similar to the horizontal bench except air is
brought in from the top and exhausted through two banks of
HEPA filters horizontally in opposite directions as illustrated
in Figure 7-5.

7.2.2.6 Air Conditioned Clean Work Station. This bench
is the only clean work station that can be used in spaces that
are not air conditioned. The air conditioning unit and HEPA
filters are integral parts of the unit as illustrated in Figure
7-6, and the environmental conditions within the hood can
be controlled independent of the surrounding atmosphere.
The air flow through the work area may be horizontal or
vertical. The use of air conditioned clean work stations
should be limited because of their high cost.

7.2.3 Group Application. Group application to achieve
room cleanness. Laminar flow clean work stations may be
placed as a group in an existing conventional clean room, a
controlled area, or an air conditioned room. Such a layout
will use the recirculation capacity of the clean workbenches
to clean the room. A room utilizing 20% of its floor area
with clean work stations can expect approximately 100 room
air changes per hour through the HEPA filters of the clean
work stations. If the supply air to the room also passes
through HEPA filters, such recirculation and filtration of air

7-4

through clean work stations will cause the room contamina
tion level to approach the contamination level of the clean
work station. If the supply air to the room does not pass
through HEPA filters, the contamination level will approach
that of a conventional clean room or better.

7.3 OPERATION.

7.3.1 General. Clean work stations are designed to filter
contamination from the surrounding air of the environment
in which they are placed. The recovery rate (time for the first
input air to reach the last work station exit point) of the
clean work station will be only a matter of minutes. It is not
necessary to operate these units 24 hours a day unless re-
quired for supplementa help in the control of the contami-
nation level within the room. Operation during normal oper-
ating hours will usually be sufficient. Of prime importance is
the education of the worker on the possible sources of con-
tamination and the techniques for its control. Proper person-
nel operating techniques are required to control contaminants
that are carried into the bench on hands, tools, fixtures, etc.
Thisis even more critical for benches located in uncontrolled
areas because there is greater susceptibility of al items
transported in and out of the work station to carry more
contamination.
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Figure 7-5. Dual Laminar Flow Devices

7.3.2 Evaluation of the Work Area. Although some clean
work stations are designated to operate in uncontrolled areas,
the immediate area around the bench should be surveyed to
determine if heavy particles are being generated above the
bench. Heavy particles may penetrate the air stream or fol-
low the workers arms into the clean work station and de-
grade its effectiveness. The top of the bench should extend to
or beyond the edge of the bench to protect the working area
from sources that produce heavy falout. The work area will
aso be checked for any operations producing high velocity
particles which could penetrate the air stream and get into
the clean work area. Such conditions will be avoided or cor-
rected.

7.3.3 Station Control. If a protective screen is provided
in front of the filters, it should be cleaned to remove any
captured particles before work begins. A vacuum device with
a plastic intake nozzle is recommended for this cleaning. All
sensitive material must be removed from the station or prop-
erly covered during this operation. After the screen has been
cleaned and the air supply is operating, the work surface
shall be wiped thoroughly with approved materials at least
once per shift. More frequent wiping may be required if such
material is carried in and out of the station.
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7.3.4 Work Piece and Equipment Control. It should be
recognized that, athough the atmosphere inside the work
station is clean, the air around the work station may be heav-
ily contaminated. Care must be taken to prevent this con-
tamination from reaching critical work parts.

a. All critical operations will be accomplished within the
confines of the clean work stations (particularly reverse
flow benches).

At no time will there be any work accomplished within
the clean work station without the bench being opera-
tional.

All material (work pieces, tools, containers, jigs, etc.)
shall be cleaned to remove particulate matter before
being placed inside the clean work station.

In bench type work devices, the bench section will be
kept as free as possible of any material not being used
immediately. Any material that must be kept inside the
station will be stored along the sides of the work sta-
tion. Nothing is to be placed along the back edge of
the workbench nor between the work piece and the
filters. Positioning of objects between the filter and
work piece will disturb the laminar air flow pattern
and may contribute particulate matter to the air flow.

Papers and paper products are not allowed inside a

clean workbench with the exception of a reverse flow
bench (Figure 7-3).
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tioned Clean Workbench

f. Lead pencils are not alowed inside the clean work

station.

Nothing will be placed or stored on the top or canopy
of a bench type clean work station. In work benches
where eye hazardous solvents or chemicals are being
used, eye wash bottles may be stored on the top of the
workbench canopy in the front and center part. When
such objects are removed, particles large enough to
penetrate the air stream would be brushed off the top
of the cabinet or the bottom of these objects.

The clean work station must be turned on at least 10
minutes before any shop operation is accomplished
within its confines.

. Additional cleaning will be necessary to keep the work-
ing surfaces of the clean work station, work pieces,
tools, etc. free of particulate contamination if they are
unprotected when the bench is turned off.

7.3.5 Personnel Controls. Personnel requirements shall
be in accordance with Paragraph 8.1. Proper personnel oper-
ating techniques are required to control the transfer of con-
tamination into the clean work station on hands, tools, fix-
tures, etc. Workers must be educated on the possible sources
of contamination and the techniques for its control. Care will
be taken to assure that hands, forearms, etc., are clean and
free of loose dirt and lint before placing them inside the
clean work station. Smocks or frocks with snug fitting wrist-
bands are recommended when laminar flow clean work sta-
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tions are used outside of the clean room confines. Gloves,
finger cots, or other hand coverings will be used when added
control is necessary due to dose proximity or direct contact
with critical parts. Clean finger cots or gloves used to handle
parts must not be used to handle material outside the clean
workbench and then returned to the station to handle the
part. Care must also be taken not to use the finger cots to rub
face or hair. If close inspection of the work piece is required
where the worker must lean over the part, a properly worn
head covering is essential.

7.3.6 Operational Techniques and Procedures.

a. Clean parts shall be placed in the unobstructed clean
air flow from the filters. Work on the critical part will
be performed with the hands downstream from the part
itself as much as possible.

b. Clean parts transported in protective containers are to
be removed from containers only inside the bench or
in the unobstructed airstream directly outside of the
station. Containers are to be kept inside the clean work
station or in the unobstructed airstream directly outside
of the station until the part is replaced and the con-
tainer re-closed. Containers may be removed and stored
elsewhere if precautions are taken to maintain their
cleanliness.

c¢. Clean parts containers are to be placed to one side and
downstream from the work piece.

d. Parts containers carry a certain amount of contamina
tion which can be transferred to horizontal surfacesin
the clean work station. Critical parts are not to be
placed on the same surfaces on which parts containers
are placed.

e. To eliminate the problem of carrying contamination
onto horizontal surfaces of the bench by parts contain-
ers, a small shelf may be located downstream of the
work piece.

f. Another solution for keeping the critical parts away
from the contamination on horizontal work surfaces is
to use ajig, fixture, or work stand on which to place
the parts. Thiswill keep the part in the clean airstream.

g. Storage for tools not in use will be provided. A sepa-
rate tray or wire mesh container is recommended.

h. Objects brought into the clean workbench from the
outside carry a shadow of contaminated air behind
them into the devices. Care must be taken that critical
parts are not exposed to this contamination.

i. The transfer of material, including the worker’s hands,
in and out of the bench section, is to be kept at a
minimum.
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j. Transfer of contaminants directly to the part from
hands or misused finger cots due to poor technique
may be many times greater than that resulting from
airborne contamination.

k. The working area and all surfaces shall be kept clean
and orderly.

7.3.7 Special Considerations.

a. Laminar flow devices will offer a high degree of flex-
ibility to operations which must be performed in loca-
tions where a standard clean room is neither available
or practical. In such locations it will be realized that
the ambient contamination level of the room will be
very high in comparison to the environment within the
laminar flow device. Therefore, any work performed
within this device outside of clean room confines will
be opened, worked upon, and sealed within this de-
vice. Failure to follow such a procedure will result in
contamination of the work.

b. Laminar flow devices operate on the principle of re-
moving contamination from the work space as soon as
it is generated. It accomplishes this by 100 ft. per min-
ute velocity (a little more than 1 mile an hour) exiting
from superinterception filters. If a clean workbench
with an open front is placed in the outdoors in a wind
condition of 50 ft. per minute or more, wind-borne
contamination will be forced into the device, defeating
the design purpose. Therefore, unless a temporary ef-
fective wind shelter is provided for the laminar flow
device, it will not be able to control airborne contami-
nants.

7.4 MAINTENANCE.

7.4.1 General. The use of proper techniques for operating
and maintaining the clean work station is necessary to obtain
maximum benefits. These procedures, which include initial
checkout, clean operation, and proper maintenance, should
be understood by al personnel concerned with its operation.
Of prime importance are inspections to determine that the
HEPA filters are properly sealed and the air velocity meets
the requirements of Table 3-1.

7.4.2 Air Velocity Inspection. The air velocity across the
work area will be checked periodically to determine that the
proper air flow is being maintained across the filter face (see
Paragraph 7.5). If air flow is below 75 Feet per Minute
(FPM) or extremely uneven (25 FPM variation), check blow-
ers and/or filters to determine the cause of the trouble. Ex-
tremely high localized readings indicate leaks.

7.4.3 Filter Inspection. The filters can be inspected for
leaks by measuring the particle contamination level of the
air passing through the filters (see Paragraph 7.5). A few
pinhole leaks will contribute a high percentage of contami-
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nation to the work station. If aleak is detected, determine by
closer inspection if leak is coming around the filter (indicat-
ing a poor seal) or if leak is in the filter itself (indicating a
ruptured filter). Replace filter or tighten pressure on sea as
necessary.

7.4.4 Filter Replacement. When the air velocity across
the work area in the bench falls below an average of 90 ft.
per minute or below 75 ft. per minute at any point, the pre-
filters should be inspected prior to changing the HEPA fil-
ters. The prefilter will accumulate dirt faster than the HEPA
filters and in most cases changing or cleaning the prefilter
will bring the outlet air velocity to an average of 90 ft. per
minute or greater. HEPA filters will only be changed when
damaged or when air velocity remains below an average of
90 ft. per minute or below 75 ft. per minute at any point
after new prefilters have been installed and the HEPA filters
have been cleaned on the upstream side. Inspection of the
prefilters approximately once every two months is recom-
mended, but this interval may vary as determined by local
management.
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a. When replacing HEPA filters, it is important that care
be taken to assure that the filters are properly sealed in
the supporting frames and are not passing contami-
nated air.

b. After aHEPA filter is replaced, it shall be inspected by
the environmental officer as specified in Paragraph 2.5,
Step b(2).

7.5 MONITORING.

The clean room officer shall monitor all laminar flow clean
work stations at least once every six months for the particle
count, air velocity, and other environmental conditions as
specified in Table 3-1 (see Paragraph 2.5, Step b). Detailed
monitoring procedures are described in Chapter 9. Certifica
tion/decertification shall be in accordance with Paragraph
2.6.
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CHAPTER 8
GENERAL PRACTICES WITHIN ENVIRONMENTALLY CONTROLLED
FACILITIES

8.1 PERSONNEL REQUIREMENTS.

8.1.1 General Practices. When operating any type of en-
vironmentally controlled facility, the greatest source of par-
ticulate contamination comes directly from the personnel
within the area as well as that contributed by personnel pro-
cedures involving various clean room paraphernaia. All per-
sonnel associated with the operation should be thoroughly
indoctrinated in the purpose and practices of clean room op-
erations. The objective is to obtain maximum cooperation
and self-discipline on the part of each individual in follow-
ing the prescribed procedures. All the elaborate equipment
installed to provide a microscopically clean or controlled at-
mosphere will be to no avail if the working personnel do not
cooperate to maintain these conditions. Environmentally con-
trolled facilities are restricted areas and access shall be lim-
ited to authorized personnel. All personnel entering environ-
mentally controlled areas shall use prescribed clean room
garments at all times. The implemention and enforcement of
the general practices described in this chapter shall be the
responsibility of local management.

NOTE

Visitors to the Clean Room must observe al the
rules which the Clean Room employees are forced
to observe. This includes top management as well
as supervisors.

8.1.2 Personnel Practices. Personnel with skin or upper
respiratory diseases (as determined by the Base Medical Of-
ficer) shall not be alowed to work in environmentally con-
trolled areas. Examples of physiological problems that are
detrimental to clean atmospheres are as follows:

e Allergies to synthetic fabric.

e Allergies to solvents or other cleaning materials be-
ing used.

e Profuse nasal discharge.

e Skin conditions which result in above-normal skin
shedding, dandruff, or skin flaking.

e High amounts of acid found in the moisture of the
hands.

e Severe nervous conditions, itching, scratching, or
claustrophobia.

e Emphysema

8.1.3 Personal Hygiene. All personnel will receive peri-
odic indoctrination and review on the importance of personal
hygiene in the operation of environmentally controlled fa-
cilities. Personnel with colds, temporary sneezing and cough-
ing, and severe sunburns will be assigned to temporary jobs
outside the environmentally controlled facilities until they
have recovered. The high degree of cleanliness required ne-
cessitates the development of the following habits:

a. Bathe frequently.

b. Shampoo hair weekly or more often if necessary and
take action to control dandruff.

¢. Wear clean under and outer garments.
d. Keep hands, fingernails, and face clean.
e. Male personnel are to shave daily.

f. Mustaches should be neatly trimmed and sideburns
should not extend below the ear lobe. The condition
shall be determined by and be the responsibility of
local management.

8.1.4 Personnel Disciplines. Supervisor and employee
disciplines determine the quality of products processed in
environmentally controlled areas. All employeeswill develop
and practice good clean room habits to assist in the success-
ful operation of environmentally controlled facilities. The
following disciplines are mandatory within all classes of en-
vironmentally controlled areas defined by this Technical Or-
der, except those marked with an asterisk (*) apply only to
class 100,000 or better clean rooms.

a. Always wear the prescribed protective clothing in the
specified manner.

b. Prescribed protective clothing shall be worn only
within the specified clean environmentally controlled
areas, and not outside the clean areas nor in the con-
taminated section of change rooms.

c. Wear finger cots or gloves if required. Gloves shall be

worn at al times if hands are severely chapped or if
fingernail polish is worn.
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d. Do not wear soiled, dirty or, lint-producing street
clothes within environmentally controlled areas.

e. Avoid scratching or rubbing of head or exposed skin
areas.

f. Never comb or brush hair within environmentally con-
trolled areas.

g. Do not wear or apply cosmetics within the clean areas
(except lipstick may be worn).

h. No eating, drinking (except water), chewing, or smok-
ing shall be alowed in environmentally controlled ar-
€as.

i. Personal items such as combs, cigarettes, matches, tis-
sues, and similar particle-shedding products shall not
be carried into class 100,000 or better clean rooms.
Such items may be carried into controlled areas in
street clothes pockets, provided they are not removed
from the pockets within the clean area.

j. *Do not wear jewelry (except plain wedding bands,
watches, and pierced ear studs).

k. *Hair shall be confined under a cap hood or snood.
Exposure of the tuft of hair on the back of the neck
which cannot be covered by a head piece (when prop-
erly worn) is acceptable. However, hair that is not cov-
ered on the front of the head at the foreline is not
acceptable. If difficulty is encountered, a combination
cap, hood, or snood may be used.

I. *All mustaches (except those that are neat and trim,
and not bushy or past the edge of one's mouth) must
be covered or removed.

m. *Personnel having sideburns below the ear lobe or
beards will be required to wear a cover of some type;
either face mask or hood with eye opening.

n. Report adverse changes in environmental conditions
(particle generation or accumulation, marked changes
in humidity or temperature) and/or changes in physical
condition (profuse nasal discharge, skin conditions,
etc.) to the supervisor.

8.1.5 Operation Disciplines. Supervisors will enforce
good housekeeping practices and the following disciplines to
assist in the successful operation of environmentally con-
trolled facilities:

a. Do not walk around unnecessarily and be cautious in
approaching another work area. Personnel movement
isto be restricted to minimize the stirring up of settled
particulate matter.

8-2

b. At no time will paper in any form be torn or mutilated
within an environmentally controlled area. Paper ma-
terials of any type will not be allowed in class 100,000
or better clean rooms unless approved by the clean
room officer.

¢. Pencils and erasers shall not be used within environ-
mentally controlled areas. Ball point pens are approved
for writing purposes (non-retractable and without
pocket clips only for class 100,000 or better clean
rooms).

d. Do not use pass-through boxes for communications.
e. Do not leave doors open.

f. Maintain air locks in proper operating condition. Do
not bypass or disconnect the door interlock system.

g. Keep parts and tools at the work station as clean and
orderly as possible. Use provided tool racks where
possible.

h. Any work or tools dropped on the floor shall be con-
sidered contaminated.

i. Never leave exposed critical parts on the workbench.

j- Work on a clean surface - never on cloth or paper
towels which can transfer contaminants to the work
piece.

k. Excess storage in environmentally controlled areas will
not be permitted.

I. Operations such aslapping, filing, deburring, and heavy
soldering are prohibited in environmentally controlled
areas unless all contamination is isolated and exhausted
from the clean areas. Exhausting for some operations
may be accomplished through the central vacuum sys-
tem.

8.1.6 Personnel Training And Attitudes. It is imperative
that all personnel associated with the operation of environ-
mentally controlled areas, including supervisors, technicians,
and maintenance personnel, receive a thorough indoctrina
tion in the purpose and practices of clean room operation.
Employee’s attitudes are of prime importance. They must be
prepared to meet the challenges of clean room work before
they are allowed to work in environmentaly controlled ar-
eas. They are to be instructed to consider everything except
their immediate work area as being contaminated, and they
are to be taught to recognize contamination and the common
generators of contamination. Local training programs shall
be developed by local management. The following outline
may be helpful:




Downloaded from http://www.everyspec.com

8.1.6.1 Indoctrination.

a. Define contamination and other clean room terms as
necessary (see Paragraph 1.5).

b. Discuss how to recognize contamination and the com-
mon generators of contamination.

c. Discuss effects of airborne contamination.
d. Discuss how contamination is transferred.

e. Discuss human induced contamination and its impor-
tance.

f. Discuss how contamination is controlled within envi-
ronmentally controlled areas.

8.1.6.2 Types of Environmentally Controlled Areas.

e Controlled area (Chapter 4).

e Conventional clean room (Chapter 5).

e Laminar flow clean rooms (Chapter 6).

e Laminar flow clean work stations (Chapter 7).

8.1.6.3 Requirements for Working in Environmentally
Controlled Areas.

a. Discuss personnel requirements (Paragraph 8.1.1
through Paragraph 8.1.5).

b. Discuss the role of the clean room worker.
c. Discuss procedures for entering clean rooms.
d. Discuss procedures for exiting clean rooms.

e. Discuss the care and proper wearing of clean room
garments.

f. Discuss do’'s and don’ts within the clean room.

0. Discuss importance of housekeeping and other clean-
ing methods.

h. Discuss the flow of personnel, parts, tools, and other
related equipment in and out of environmentally con-
trolled areas.

i. Discuss material handling within environmentally con-
trolled areas.

8.1.6.4 Miscellaneous Procedures.

a. Cleaning practices (Paragraph 8.2).
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b. Clean room garments (Paragraph 8.3).

c. Specia equipment - shoe cleaners, tacky mats, etc.
d. Packaging of clean parts.

e. Specia work procedures as required.

8.2 CLEANING PRACTICES.

8.2.1 General. MIL-HDBK-406, “Cleaning Materials for
Precision Precleaning and use in Clean Rooms and Clean
Work Stations’ and MIL-HDBK-407, “Precision Cleaning
Methods and Procedures’ will be helpful in determining
clean materials and/or procedures when specific instructions
are not given in the end item technical order.

8.2.2 Tools and Hardware. Various tools and other hard-
ware items used in processing critical components require
special cleaning techniques to maintain their cleanliness.
Various solvents are used in cleaning tools, parts and equip-
ment. To be effective a fina rinse solution must be con-
stantly filtered to ensure that particulates do not remain on
the items after they are immersed in the initial solution.
Cleaning tanks should be covered when not in use to prevent
airborne dust from falling into the solution.

8.2.3 Workbench Surfaces.

e Provide adequate ventilation when using
Trichlorotrifluoroethane (Freon TF). Avoid pro-
longed breathing of vapors and minimize skin
contact.

e 11,1 Trichloroethane (O-T-620) istoxic to skin,
eyes, and respiratory tract. Skin and eye protec-
tion required. Avoid repeated or prolonged con-
tact. Good general ventilation is normally
adequate.

Working areas shall be cleaned periodically to ensure that all
particulates are removed. Filtered solvents and a clean lint
free cloth shall be used to wipe working surfaces. Fold the
dirty side to the inside for repeated wiping. Cleaning Com-
pound, Solvent, Trichlorotrifluoroethane per MIL-C-81302,
1, 1, 1-Trichloroethane, Technical, Inhibited (Methyl Chloro-
form) per O-T-620, or their equivalent may be used to clean
the working surfaces.

8.2.4 Wiping Cloth. Only approved materials shall be used
to wipe working surfaces. These materials shall be limited
linting type and should be evaluated and approved by the
clean room officer. There are no standard test procedures, but
a limited linting test similar to that specified for garments
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may be used in some cases. In other cases the clean room
officer may be able to determine the acceptability of the ma-
terial by using MIL-HDBK-406 as a guide.

8.3 GARMENTS.

8.3.1 Specifications. Garments required to be worn in en-
vironmentally controlled facilities shall be functional and job
oriented. They should be made of woven polyester fabrics
and designed to minimize contamination from the garment.
All uniforms shall form barriers between the human con-
taminator and his work. All apparel shall be designed with a
minimum of seams, no pockets, pleats, raw edges, or dust
collection features. Seams shall be double stitched with con-
tinuous filament polyester thread. General type garments are
coverals, smocks, frocks, hoods, snoods, caps, shoe covers,
boots, gloves, and wiping cloths. All new garments pur-
chased shall meet the requirements of this technical order. A
sample of all new garments purchased shall be submitted to
the clean room officer for tests to ensure that requirements
are met before acceptance. The clean room officer shall de-
termine the sample size. All garments shall be permanently
marked by the manufacturers as follows:

e Manufacturers name

e Date of manufacture

o Materials

e Size (small, medium, large)

8.3.2 Garment Changes. The following change criteria
are recommended.

e (Class 300,000 Room (uniforms not required). If
smocks, frocks, shirts, caps, or snoods arc used, they
shall be changed once per week.

e Class 100,000 Room - One change every five days.

e Class 10,000 Room - One change every three days.

e (Class 1,000 Room - One change every three days.

e Class 100 devices - One change every day.

8.3.3 The Following Applies for All
Rooms.

Class Clean

a. If a garment becomes soiled at any time while per-
forming clean room duties, it shall be changed imme-
diately (determined by clean room management).

b. During inactive periods all garments shall be stored in
facilities consistent with the class of cleanliness.

¢. Soiled garments shall be placed in containers to elimi-
nate damage and abuse.
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d. Damaged garments shall be placed in separate contain-
ers. Subsequent inspection shall be made to determine
if repair or disposal is required.

8.3.4 Clothing Cleanliness Requirements. Frequent
laundering of clean room garments is required to minimize
the spread of contamination. The clean room officer will be
responsible to ensure that clean room garments are clean,
and meet limited linting requirements after washing. Sam-
pling and monitoring procedures shall be used as described
in Paragraph 8.3.6. Facilities for washing clean room gar-
ments shall meet the following criteria:

a. Thefacility shall not exceed particle contamination re-
quirements for a class 100,000 clean room (see Table
3-1). A contamination check of the facility shall be
made utilizing an automatic light scattering particle
counter as specified in Chapter 9. Pressure and tem-
perature controls are not required.

b. All cleaning, washing, drying, and packaging shall be
accomplished with the clean environment.

¢. The washing and rinsing fluids shall be filtered with
5.0 micron or better filters.

d. The water shall have not more than 18 pulse-position
modulation (ppm) hardness.

e. Steps may be taken to eliminate static electricity on
garments if static is a problem as determined on a lo-
cal basis. If static electricity is a problem, garments
having a surface resistivity approaching 11.0 log R
units (log of resistivity per square unit of surface) can
be obtained by adding anti-static agents.

f. Repairsto all garments will be made outside the clean
room and prior to laundering. Repairs must be made to
secure fraying.

g. Spot and stain removing will be accomplished outside
the clean room prior to laundering.

h. Inorganic sequesterants and suitable detergents shall be
used.

i. After laundering, afinal inspection will be individually
made of garments for damage, loose fibers, or lint
bearing seams. These garments will be separated for
repair or disposal.

8.3.5 Packaging of Garments. After cleaning, the laun-
dry shall package and deliver al clean room garments in
numbered lots which can be traced to a known wash load.
The size of the lot should be carefully chosen since the en-
tire lot may be rejected and returned to the laundry for re-
processing. Specific packaging shall be as follows:
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a. All clean room garments and accessories shall be her-
metically sealed in clean polyethylene bags having two
mil minimum thickness.

b. Each garment will be packaged individualy except
shoe covers may be packaged in pairs.

c. Each apparel package shall be marked as to size S
M-L, or packed such that garment size marking is
clearly visible.

d. Wiping cloths shall be packaged in multiples of 10 per
package.

8.3.6 Monitoring and Quality Control. Based upon the
laundry procedures described in Paragraph 8.3.5, the clean
room officer shall determine a sample size and monitor gar-
ments to ensure that they meet specifications. A garment ex-
hibits proper cleanliness and limited linting properties if it
has less than 2,000 particles per sguare foot 5.0 micron and

TO 00-25-203

larger. Sampling will be performed in accordance with MIL-
STD-105, Level 1, using a 10% Acceptable Quality Level
(AQL) for a given lot. Any one lot which does not meet the
acceptance criteria of the sampling plan will result in rejec-
tion of al garments in the log. Garments will be monitored
using one of the procedures described in Chapter 9.

NOTE

If the particle count of a garment exceeds the a-
lowable limit, tests may be made to determine if
the garment is at fault or if it has been laundered
improperly. Thistest should be as quick and simple
as possible. Microscopy and/or microchemical
methods may be employed. If the garment itself is
faulty and is shedding its fabric, it should be dis-
carded. If it has been improperly laundered, other
garments from the same wash are aso likely to be
unacceptable and the entire lot from that wash
should be rejected and returned to the laundry.

8-5/(8-6 blank)
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CHAPTER 9
MONITORING PRACTICES

9.1 INTRODUCTION.
9.1.1 Monitoring. Monitoring of a clean room can present

many problems if those performing the monitoring lack an
understanding of the factors influencing the clean room en-
vironment. These factors must be considered in order to
properly interpret the monitoring data. This chapter presents
or references some of the more detailed procedures for
monitoring environmental conditions and other procedures
as follows:

9-2. PARTICULATE MONITORING - AU-
TOMATIC

9-3. PARTICULATE MONITORING -
MANUAL

9-4. TEMPERATURE MONITORING

9-5. HUMIDITY MONITORING

9-6. PRESSURE/AIR FLOW MONITORING

9-7. GARMENT MONITORING

9-8. OTHER PROCEDURES

9.1.2 Clean Room Officer. The clean room officer, with
responsibilities defined in Paragraph 2.5, Step b, shall moni-
tor al environmentally controlled facilities, as defined by
this technical order, to determine if they meet specified stan-
dards.

9.2 PARTICULATE MONITORING - AUTOMATIC.

9.2.1 Particulate Monitoring. Particulate monitoring for
the purpose of certification/decertification of the clean rooms
shall be accomplished with an automatic particle counter
whose calibration is performed in accordance with TO 00-
20-14 or manufacturer’s specifications. Automatic counters
are presently manufactured in two basic types. One system
uses light scattering devices to count dust entrapped in an air
stream that is bombarded by intense lights and the other uses
automated counting of air samples taken by filter techniques.
These counters are the best tools available for rapid counting
and sizing of particles. In general, they are effective in the
range of 0.3 to 5.0 micron size particles. The automatic light
scattering particle counters are the preferred type for use in
the Air Force.

9.2.2 Automatic Method. The automatic method is the
only approved method for counting particles smaller than 5.0
micron. This means that automatic particle counters are re-
quired for all class 100,000 or cleaner facilities. Since there
are many models available on the market, the manufacturer’s
instructions should be followed in using the instrument.

9.2.3 Comments. The following comments apply to al
particulate monitoring procedures.

a. Contamination levels will vary throughout a clean
room.

b. The highest level of contamination is not necessarily at
the air exhaust area since air from a highly contami-
nated area may be diluted with cleaner air prior to
exiting the room.

c. The areas that are of most concern are those immedi-
ately surrounding the work area.

d. It would be amost impossible to monitor all work ar-
eas continuously. The levels of contamination can be
determined by statistically sampling the room. The ex-
act procedure for sample monitoring can be determined
locally.

9.3 PARTICULATE MONITORING - MANUAL.

The manual method of particulate monitoring for the pur-
pose of certification/decertification is approved only for con-
trolled areas (Class 300,000) where particles with a measur-
able length of 5.0 micron and larger are to be counted. The
manual method is abstracted from ASTM F25-63T and is
presented in Appendix A.

9.4 TEMPERATURE MONITORING.

9.4.1 Temperature Monitoring. Temperature monitoring
for the purpose of certification/decertification may be
achieved by using a standard mercury-filled thermometer or
a similar portable measuring device. More automated de-
vices may be used to supplement or replace the thermometer,
but these devices should be checked periodically to assure
accuracy.

9.4.2 Temperature Readings. Temperature readings will
also be made by the shop quality control personnel with
records kept for the environmental officer’s monthly exami-
nation. Frequency of readings will be determined locally. If
the product being worked upon is extremely sensitive to
temperature, it may be necessary to monitor with a continu-
ous temperature recorder. In such cases the temperature
probe shall be placed in close proximity to the product. The
following comments apply to all temperature monitoring
procedures:

9-1
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a. The temperature will vary from point to point through-
out a conventional clean room, particularly at different
elevations. Temperature variations are practically non-
existent in laminar flow rooms.

b. The temperature at the three to five foot elevation and
the area surrounding the work is of prime importance
and must be maintained within established limits.

¢. No readings should be taken within two ft. of a heat
producing unit.

9.5 HUMIDITY MONITORING.

Humidity monitoring for the purpose of certification/decerti-
fication may be achieved by using conventional wet and dry
bulb thermometers. If automated devices are used, they
should be periodically caibrated with a wet and dry bulb
thermometer. Humidity readings will also be made by shop
quality control personnel with records kept for the clean
room officer’s monthly examination. Frequency of readings
will be determined locally.

9.6 PRESSURE/AIR FLOW MONITORING.

9.6.1 Pressure Monitoring. Pressure monitoring may he
achieved by using a “U” - tube manometer with each open-
ing vented in such a manner that the pressure differential is
measured between the clean room and its outside surround-
ings. The instrument shall be capable of reading 0.01 inches
of water pressure clearly. A gage that indicates pressure dif-
ferential in increments of 0.01 inches of water may be sub-
stituted for the manometer. Failure of a room to meet mini-
mum pressure specifications shall not in itself be cause for
decertification. It indicates a potential problem and the cause
should be investigated to determine if corrective action is
necessary.

9.6.2 Air Flow Monitoring. The air velocity in laminar
flow rooms and laminar flow clean work stations shall be
measured with an air velocity meter. The meter should be
small and easily handled with approximate velocity ranges
of 30-300 and 100-1000 ft. per minute. The meter shall be
used in accordance with the manufacturer’s instruction.

9.7 GARMENT MONITORING.

9.7.1 General. Garment monitoring shall be used to de-
termine if the garment has been laundered properly or if the
garment is faulty and shedding its fabric (see Paragraph
8.3.6). A garment is acceptable if it exhibits limited linting
properties of not more than 2000 particles per square foot
5.0 micron and larger in size.

9.7.2 Manual Procedure. The detailed manual procedure
for monitoring clean room garments is presented in Appen-
dix B.

9-2

9.7.3 Automatic Procedure. Faster and better results will
be obtained by using automatic light scattering particle coun-
ters to measure particulate contamination on clean room gar-
ments. Monitoring will be accomplished in a laminar flow
work station or equivalent. The filter assembly and adapter
pictured in Figure B-1 of Appendix B is fitted to the air
intake of an automatic counter with a short length of tygon
tubing. The flow rate will be set as determined by the opera-
tor and recorded for calculation purposes. The garment areas
to be tested will be selected as illustrated in Figure B-3 of
Appendix B. The area to be tested is placed in the assembly
while the automatic counter is operating. The sampling time
for each area should be determined by the operator for the
best combination of accuracy and speed. At least one minute
should be allowed for each area. Close observation will ac-
quaint the operator with the sampling time in which more
than 95 percent of the total count is recorded. The results
must be computed using appropriate factors and expressed
as particles per sgquare foot of garment.

NOTE

If the particle count of a garment exceeds the al-
lowable limit using either of the above procedures,
tests will be made to determine if the garment is at
fault or if it has been laundered improperly. This
test should be as quick and simple as possible.
Microscopy and/or microchemica methods may
be used. If the garment itself is faulty and is shed-
ding its fabric, it should be discarded. If it has
been improperly laundered, other garments from
the same wash are also likely to be unacceptable
and the entire lot from that wash should be re-
jected and returned to the laundry.

9.8 OTHER PROCEDURES.

9.8.1 General. It is often desirable to test or monitor vari-
ous materials to determine their shedding properties before
they are approved for clean room use. There are no standard
procedures for general use, but a suggested test for clean
room paper is presented in Paragraph 9.8.2. Similar proce-
dures for other materials may be developed by the Physical
Sciences Laboratory for local use.

9.8.2 Paper Test. The following test procedure is sug-
gested to evaluate paper for use in clean rooms.

a. Equipment: Standard abrasion tester, Model 503,
manufactured by Taber Instrument Corporation, or
equivalent.

b. The instrument shall be set up as follows:

Load: 250 grams
Vacuum: 50
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Cycles: 600
Whesl: Type CS-10

Both sides of the paper should be analyzed since one
side usually has higher shedding properties than the
reverse side.

Results should be expressed in percent weight loss.

If the weight loss exceeds 0.24 percent, the paper
should not be approved for clean room use.

TROUBLESHOOTING CLEAN ROOMS.

The following procedure is suggested:

a. Check contamination level of incoming air and the

number of air exchanges per unit of time. This will
reveal problems related directly to air filtration.

Determine the air pattern within the problem area, as
there could be poor circulation within this particular
area. The problem could be upstream of the sample
area. To determine the exact location, dust counts must
be taken until problem area is pinpointed.

To determine the location or reason for a dust problem
within an environmentally controlled area, certain steps
should be taken.

(1) Check the equipment to ensure that its location is
not disrupting the flow.

(2) Ensure the equipment interior as well as the exte-
rior is clean, as many test consoles have fans to
keep tubes and resistors at a certain temperature.

©)

(4)

©)

(6)

)

(8)

9)
(10)

(11)

(12)

(13)

TO 00-25-203

Work area should be checked to ensure that bench
area is clean as well as area around it.

If storage area is within air pattern, all end items
should be checked for cleanliness.

Check for personnel loading within the clean
room. (All standard clean rooms have a satura-
tion point based on the air flow and number of air
changes per hour).

Determine the end item flow and personnel flow
within the area.

Individuals within the area should be checked for
persona hygiene as well as work habits.

Look for localized areas of high contamination
such as open soldering or other unvented fumes.

Evaluate the housekeeping procedures.
Check prefiltersfor overloading. Clean or replace.

Check HEPA filter system for damaged or im-
properly sealed filters.

If possible, air supply ducts should be checked
for leaks or separation in duct work.

Evaluate the shop layout to ensure that air flow is

not being obstructed by large consoles, test equip-
ment, etc.

9-3/(9-4 blank)
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APPENDIX A

MANUAL METHOD FOR SIZING AND COUNTING AIRBORNE
PARTICULATE CONTAMINATION IN CLEAN ROOMS AND OTHER
DUST-CONTROLLED AREAS

NOTE

Abstracted from Proposed Tentative Method for
Sizing and Counting Airborne Particulate Con-
tamination in Clean Rooms and Other Dust-Con-
trolled Areas, F25-63T Method.
A.1 SCOPE.
This method covers a procedure for counting and sizing air-
borne particulate matter 5.0 microns and larger. The sam-
pling areas are specifically those with contamination levels
typical of clean rooms and dust-controlled areas designed for

electronic and aerospace work. It is not a method for dust
counting where isokinetic sampling is a factor.

A2 OUTLINE OF METHOD.

The method is based on the microscopic examination of par-
ticles impinged upon a membrane filter with the aid of a
vacuum. The number of sampling points is proportiona to
the floor area of the enclosure to be checked. The apparatus
and facilities required are typical of alaboratory for the study
of micro-particle contamination. The operator must have ad-
equate basic training in microscopy and the techniques of
particle sizing and counting.

A.3 DEFINITIONS.

a. The major projected dimension of a particle is desig-
nated as the particle size.

b. The standard unit of length for sizing purposes is the
micron (), which is 0.001 mm or 0.00004 in.

. Only particles with a measurable length greater than 5
| are to be counted.

d. A fiber is considered a particle, no distinction being
made with respect to length/width ratios.

A4 APPARATUS.

a. Aerosol open type filter holder.

b. Vacuum pump or aspirator capable of producing a
vacuum of 500 torr (500 mm Hg).

¢. Flowmeter with 10 liters per min capacity or 10 liters
per min orifice.

d. Membrane filters, contrasting, 0.80 . or smaller pore
size, with imprinted grid.

e. Glass microscope dlides, 50 x 75 mm, or 47 mm plas-
tic disposable Petri dishes.

f. Forceps with unserrated tips.

g. Binocular microscope with ocular-objective combina-
tions to obtain 40/45 X and 90/150 X magnifications.
Latter objective shall have numerical aperture of 0.15
mm.

h. Manual counter (2 gang).

i. Microscope lamp.

j. Micrometer eyepiece with movable scale or ocular mi-
crometer reticle.

k. Stage micrometer, standard 0.01 to 0.1 mm scale.

A5 SAMPLING.

a. The sample shall be collected by impinging airborne
particles on a membrane filter which has a known ef-
fective filtering area. The filter surface is to be vertica
(filter holder horizontal) with respect to the floor.

b. Standard sample for this procedure shall be 10 ft* (283
liters). However, the sample size may be adjusted for
specific conditions.

c. Sample shall be taken at waist level (36 to 40 in. from
the floor) or at bench level unless areais limited. Gen-
eral sampling points are as designated on the sampling
plan in Figure A-1. The number of samples for averag-
ing is a function of the floor area of the space being
sampled. (See Paragraph A.5, Step d.)

d. Samples can be taken at the respective locations illus-
trated on the sampling plan in Figure A-1. (Also see
Paragraph A.5, Step f.) Sample at 1 for areas of cabi-
net size. Sample at 1 ft. and 2 ft. for areas less than
150 ft.2. Sample at 1, 2, 3, 4 and 5 for areas to 1000
ft.2. For areas larger than 1000 ft.? increase sampling
by 4 locations per 1000 ft.%. If desired, for an average
room dust count, a single sample may be taken for
5-1/2 min at each of the 5 designated sampling points.

e. Locations are approximate. Location 1 is area center, 1
ft. and 2 ft. are centers of triangles on respective bases.

A-1
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A.6

A-2

Locations 2, 3, 4 and 5 are half distances from center
to respective corners on area diagonals, as shown in
sampling plan.

. Operating conditions should dictate number and loca-

tion of samples. Each critical work position within a
clean room should be monitored. Past experience has
shown that these work positions should be checked
daily, or more often, and during periods of most activ-

ity.
PREPARATION OF APPARATUS.

Prior to sampling, dirt and dust are to be removed from
the filter holder by washing in a free-rinsing detergent,
ketone-free isopropyl alcohol and reagent grade petro-
leum ether (30-60 °C boiling range).

1F

2 3
N
T/1\2FT
4 5

Figure A-1. Clean

Personnel performing sizing and counting operations
are to be equipped with garments consistent with good
practice.

Microscope slides and Petri dishes are to be cleaned
and prepared before samples are taken. Lens tissue or
rinsing with 0.3 micron cleaning fluids is satisfactory
for this purpose.

Hazardous chemicals employed in the method are to
be handled with recognized precautions.

. A background count will be made of each membrane

filter which is to be used in the certification of a clean
room facility. Examination at 40 - 50 X through bench
or stereo microscope will reveal low or high back-
ground count.

For routine work, an average background count may
be used by counting 4 filters per box of 100. However,
if the background count approximates 10%, or greater,
of the sample count, each individual filter should have
abackground count established. This background count
should be subtracted from the sample count.

NOTE

If the background count is estimated to be greater
than 10 percent of the total count from a 10 ft3
specimen, a larger sample (15 or 20 ft* volume)
may be used.

b. The laboratory equipment and area used for counting

and sizing the airborne particulate are to be maintained
in a condition of cleanliness paraleling or superior to
the area sampled.

SAMPLE AT1 FTAND 2FT
FOR AREAS LESS THAN

150 FT2 LARGER AREAS

TO 1000 FT2USE1,2,3, 4
AND 5 AVERAGE READINGS.

TO-00-25-203-021

Room Sampling Plan

h. Acceptable filters shall be placed in clean and identi-

fied Petri dishes for test use and covered.

A.7 PROCEDURE.

a. With aid of laboratory pressure rubber or plastic tub-

ing, connect the filter holder to the vacuum train which
includes the filter holder, 10 liters per min limiting
orifice or (and) 10 liters per min, flowmeter and source
of vacuum (vented outside sampling area).

NOTE

For low contaminated areas, a flowmeter with a
one Center Frequency Modulation (CFM) capac-
ity may prove more satisfactory for taking a larger
sample in less time.

. With clean unserrated forceps, carefully remove mem-

brane filter from Petri dish and place, with grid side
up, on screen support of filter holder. Twist locking
ring in place to secure filter.

. When in the sampling area, place the filter holder in a

horizontal position, filter surface vertical, 36 to 40 in.
from floor level for purposes of sampling. Apply
vacuum and adjust to flow of 10 liters per min or other
desired flow. A standard vacuum gauge will not suffice
for maintaining correct flow. Either a rotometer (flow
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meter) or limiting orifice with manometer is required.
When using the orifice, no adjustment is necessary.
However, the pump should be checked with the ma-
nometer to assure its ability to maintain a vacuum of
500 torr or better while sampling.

The filter should be removed from the holder with for-

ceps and placed on a clean glass dide in preparation
for counting. If the filter cannot be counted immedi-
ately, it should be placed in a clean Petri dish for trans-
port to the microscope counting area.

e. Microscopic Analysis Procedure:

€

@

(©)

4)

®)

4

Place the ocular micrometer in one eyepiece. Us-
ing a stage micrometer, calibrate the measuring
eyepiece (ocular micrometer) for each magnifica-
tion.

Place the microscope slide or Petri dish contain-
ing the specimen under the microscope. The Petri
dish cover must be removed.

Adjust the microscope lamp intensity and direct it
on the specimen from an oblique position to ob-
tain maximum definition for sizing and counting.
High intensity illumination is a critical require-
ment. The angle of the light beam is very signifi-
cant for defining different types of contamination.

Knowing the subdivisions of the stage microm-
eter, the divisions of the measuring eyepiece may
be sized from it.

A magnification of approximately 100 X will be
required for counting particles 5.0 microns and
larger. Greater magnification may be advanta-
geous for identification of particles.

(6)

TO 00-25-203

Particles are to be counted and tabulated in three
size ranges:

All particles between 5 - 15 microns
All particles between 15 - 25 microns
All particles greater than 25 microns
Number of fibers

NOTE

e Particles smaller than 5.0 microns are not to be
counted by this method. The size of a particle
is determined by its greatest projected dimen-
sion. Fibers are counted as particles.

e Fibers will be included in their particle size
range for computing the particles per cubic
foot.

f. Method of Counting Particles.

@

2

©)

Adjust microscope focus and lamp position so
that maximum clarity of filter surface and particle
definition is obtained.

The largest projected dimension of the particle
determines the size category of the particle.

Use the counting plan as shown in Figure A-2.
Count 10 grid squares or unit areas within differ-
ent grid squares as indicated in the counting plan
of Figure A-3.

SHADED AREA EMPLOYED

TO-00-25-203-022

Figure A-2. Double Diameter Counting Plan

After counting 10 squares or unit areas, if the
total number of particles in each size range does
not equal or exceed 50, count additional squares
or unit areas until the following statistical require-
ment is met: F, X N, = 500, where F,, is the num-

ber of grid squares or unit areas counted and N; is
the total number of particles counted in F,, areas.
If this requirement is not met for all size ranges
after counting 50 areas, or 50 percent of the total
effective filtering area, it will be necessary to in-

A-3
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A-4

crease the sample volume. Extreme caution must
be maintained when examining the effective filter
area due to no visual evidence of boundaries.

25 W) in the first 10 areas to satisfy the equation
for each range, and then count only the particles
greater than 25 p in additional areas to get valid
results for the third range. A lower magnification
may be used to count the greater than 25 i par-
ticles but is not recommended.

NOTE

The equation F,, X N, > 500 must be met for each
size range. It may, therefore, be necessary to tabu-
late the three separate ranges (5-15 |, 15-25 y, >

FIELD OBSERVED THROUGH MICROSCOPE

/\iCULAR MICROMETER SCALE
/
/ 7

P SUGGESTED UNIT AREA

(FOR HIGHLY CONTAMINATED
SAMPLE)

0 } ALTERNATE UNIT AREA

FILTER GRID LINES
(DEFINE GRID SQUARE
, UNIT AREA)

/

MEMBRANE FILTER ON STAGE, MOVEMENT
/ OF STAGE MAKES PARTICLES APPEAR
£ TO PASS THE DIVISIONS ON THE MEASURING

()

(6)

()

(8)

EYEPIECE.
TO-00-25-203-023

Figure A-3. Alternate Unit Areas

In obtaining the total number of particles, 10 or line, scanning exactly 1 grid square width as the

more grid squares or unit areas on the filter disc
are counted. From this count, the total number of
particles, which would be present on the total ef-
fective filtration area of grid squares, is calcu-
lated.

Unit areas for counting shall be selected so that
the average total number of particles in a unit
area does not exceed 50-60 particles. See Figure
A-3 for dternate unit areas.

If aparticle lies on the upper or left boundary line
of a counting area, count this particle asiif it were
within the boundaries of the counting area.

Start and finish a selected grid square or unit area
sizing and counting from the left edge of a grid

operation continues from left to right. Optional
unit areas are:

(a) A grid square

(b) A rectangle defined by the width of a grid square
and by the calibrated length of the ocular microm-
eter scale.

(c) A unit defined by the width of a grid square and
a portion of the length of the ocular micrometer
scale.

(9) Scan the unit area for particles by manipulating

the stage so that particles to be counted pass un-
der the ocular micrometer scale. Only the maxi-
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mum dimension of the particle is regarded as sig-
nificant, and for particles improperly oriented
relative to the ocular micrometer scale, an esti-
mate of maximum dimension is made. The eye-
piece containing the ocular micrometer should not
be rotated to size specific particles. Using a
manual counter, count all particles in the selected a

Final results are in particles per ft2 of sampled atmo-
sphere, in size ranges determined.

A.9 PRECISION AND ACCURACY.

The precision and accuracy of this method can be no

areas which are in the 5.0 micron and greater
range as indicated by the ocular micrometer scale.
Record the number of particles in each size range
in each unit area counted, in order to have a re-
cord of the number of unit areas and the particles
counted to meet requirements of Paragraph A.7,

Step f(4).

A.8 CALCULATIONS.

Calculate the total number of particles in a given size range
on the filter, in accordance with the formula:

P, =N, E

Where:

P, is the total number of particles of a size range on the
filter. N, is the total number of particles counted in n
unit areas. N is the number of unit areas counted

A; is the unit area in mm?
E is the effective tota filter areain mm?

X NXA;

higher than the sum total of the variables. In order to
minimize the variables attributable to an operator, a
trained microscopist technician is required. Variables
of equipment are recognized by the experienced opera-
tor, thus further reducing possible error.

A periodic check of the microscopist with a check-
dlide should be accomplished by individual laborato-
ries to obtain quality results.

NOTE

A check dlide is a commercialy available pre-
counted membrane filter mounted in a glass slide.

For training personnel, low to medium concentration
specimens may be prepared on a grid filter and pre-
served between micro dlides as standard for a given
|aboratory.

This method can be adapted for projection microscopic

analysis by the use of white filter, transmitted light,
and a properly marked projection screen. The projec-
tion techniques should be checked against a direct mi-
croscope count, because the optics of projection equip-
ment are sometimes inadequate for resolution of small
particles.

Results should be expressed for each size range in par-
ticles per cubic foot of sample by dividing the P, by
the sample size (10 ft3 standard)

PIit3 = P,
10

A-5/(A-6 blank)
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APPENDIX B

MANUAL MONITORING PROCEDURE (COUNTING PARTICULATE
CONTAMINANTS IN AND ON CLEAN ROOM GARMENTS)

NOTE

Abstracted from ASTM F51-65T titled “ Tentative
Method for Sizing and Counting Particulate Con-
taminant in and on Clean Room Garments”.
B.1 SCOPE.
This method is used for determining the detachable particu-
late contaminant five microns or larger, in and on the fabric
of clean room garments. It may also be used to determine if
a fabric exhibits limited linting characteristics. The greatest

number of particles allowed is 2000 per square foot of gar-
ment.

B.2 SUMMARY OF METHOD.

Filtered air is drawn through five designated 0.01 square foot
areas of a single thickness of the garment fabric at a rate of
14 liters per minute (Ipm) for one minute per area. The air
drawn through the garment subsequently passes through a
membrane filter disk, impinging the entrained particles upon
the filter surface. The filter disk is then examined micro-
scopically to determine the number of particles larger than
five microns removed from the garment.

B.3 DEFINITIONS.

a. The major projected dimension of a particle is desig-
nated as the particle size.

b. The standard unit of length for sizing purposes is the
micron (), which is 0.001 mm or 0.00004 in.

c. Only particles with a measurable length greater than 5
M are to be counted.

d. Fiber is a particle longer than 100 microns with a
length to width ratio exceeding 10 to 1.

B.4 APPARATUS.

a. Filter Assembly and Adapter, Figure B-1.

b. Vacuum Pump or Aspirator, capable of producing a
vacuum of 500 torr (500 mm Hg).

c. Flowmeter or orifice having a capacity of 14 liters per
minute.

d. Membrane filters (black, blue, or green), 0.80 micron
pore size, 47 mm diameter with 3.08 mm imprinted
grid (for fabric particles), and white, 5.0 micron pore
size, 47 mm diameter (air prefilter).

e. Microscope and counting apparatus - Refer to Appen-
dix A and Figure B-2.

B.5 SAMPLING REQUIREMENTS.

a. The sample shall be collected by drawing five-micron
filtered air through the test garment, impinging the gar-
ment borne particles on the membrane filter. The grid-
ded filter surface mounted in the open-type aerosol fil-
ter holder shall be placed on the outer surface of the
test garment. The garment is firmly clamped to the
filter holder by means of the air filter adapter. During
sampling, the garment shall be hung or carefully posi-
tioned to minimize extraneous contamination.

b. The standard sample for this method is secured with
the passage of 14 liters of air through the test fabric
during a one minute period at each of five sampling
areas as shown in Figure B-3. One sampling area is
adequate for caps, helmets, towels, wipers, and booties
with plastic soles. Two areas are suggested for all-fab-
ric booties.

B-1
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Figure B-1. Filter Assembly and Adapter

TO-00-25-203-025

Figure B-2. Typical Counting and Sizing Microscope and Illuminator

B-2
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(ALL FABRIC
BOOTIE ONLY)

BOOTIE

1

HELMET

FOR SAMPLING HELMETS, CAPS AND FABRIC BOOTIES.

O BENCH
4 LEVEL
O~—— SEAT
5
O— KNEE
3
FRONT BACK

FOR SAMPLING FROCKS AND SMOCKS

EMPLOY SAME (APPROXIMATE) SAMPLING LOCATIONS.

Figure B-3. Clean Room Garment Sampling L ocations

Locations are approximate and may by agreement be
modified to suit a specific design factor.

PREPARATION OF APPARATUS.

a. Prior to sampling, dirt and dust are to be removed from

the filter holder by washing in a free-rinsing detergent,
ketone-free isopropyl alcohol and reagent grade petro-
leum ether (30-60 °C bailing range).

The laboratory equipment and area used for counting
and sizing the airborne particulate are to be maintained
in a condition of cleanliness paralleling or superior to
the area sampled.

Personnel performing sizing and counting operations
are to be equipped with garments consistent with good
practice.

Microscope slides and Petri dishes are to be cleaned
and prepared before samples are taken. Lens tissue or
rinsing with 0.3 micron cleaning fluids is satisfactory
for this purpose.

Hazardous chemicals employed in the method are to
be handled with recognized precautions.

. A background count will be made of each membrane
filter which is to be used in the certification of a clean

room facility. Examination at 40-50X through bench
or stereo microscope will revea low or high back-
ground count.

For routine work, an average background count may
be used by counting 4 filters per box of 100. However,
if the background count approximates 10% or greater,
of the sample count, each individual filter should have
abackground count established. This background count
should be subtracted from the sample count.

NOTE

If the background count is estimated to be greater
than 10 percent of the total count from a 10 ft*
specimen, a larger sample (15 to 20 ft* volume)
may be used.

h. Acceptable filters shall be placed in clean and identi-
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fied Petri dishes for test use and covered.

SAMPLING PROCEDURE.

With the aid of laboratory pressure tubing, connect the
filter holder to a source of vacuum established adequate
to produce a flow rate of 14 liters per minute, at
vacuum conditions of test (350 torr). Holder may be
open, may contain a limiting orifice, or may be con-
nected to flowmeter. If flowmeter is used between fil-

B-3



Downloaded from http://www.everyspec.com

TO 00-25-203

B.8
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ter holder and vacuum source, correction to standard
temperature and pressure must be made to determine
actual standard temperature and pressure flow.

With clean forceps, carefully remove the 0.8 micron,
dark background, membrane filter from the container
and place - with grid side up - on the screen support of
the filter holder. Twist the locking ring in place after
placing the tapered adapter in position (Figure B-1).
Similarly, place 5.0 micron air filter in top portion of
adapter by removing “O” ring from adapter top, plac-
ing white filter on the support screen and replacing
“O" ring. (This filter may be used for many tests.)

When ready to sample, place the outer surface of test
garment over the tapered (male) adapter. Firmly lock
into test position by placing air filter tapered (female)
adapter over test portion of fabric.

Apply vacuum at predetermined 14 liters per minute
for a period of one minute for each area. Sample re-
quired areas (Figure B-3) by repeating preceding Para-
graph B.7, Step c.

Remove the filter from the holder with forceps and
place it between clean microscope dides or in a clean
Petri dish for transport to the microscope counting area.

. The garment to be tested must be sampled in an area

having a contaminant level equal to or less than a con-
ventional clean room. The sample should not be re-
moved from the sealed plastic package until the test is
ready to be performed. Care must be taken to ensure
that limited handling of sample is maintained after re-
moval from sealed bag. The sampling apparatus should
be thoroughly cleaned before experiment is performed.

MICROSCOPE ANALYSIS PROCEDURE.

Calibration of Ocular Micrometer Scale - Using a stage
micrometer, determine the micron spacing of the ocu-
lar micrometer scale. Using 10X eyepieces and 10X
objective, the minor divisions (100 in scale) should
equal approximately five microns.

Remove filter from Petri dish and place it, with filter-
ing surface up, on a 2 inches x 3 inches microscope
dlide. Greasing the slide lightly with silicone stop-cock
lubricant, prior to mounting filter, will assist in holding
the filter flat in place.

Adjust external light source to obtain maximum par-
ticle definition, with an illumination angle of approxi-
mately 45°.

By means of the mechanical stage, scan individua grid
sgquares. With a gating technique, count and tabulate
particles in two categories:
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(2) Particles with major dimension greater than five
microns.

(2) Fibers (see Definitions, Paragraph B.3, d).

NOTE

Particles smaller than five microns are not to be
counted by this method.

Count the particles in a number of grid squares se-
lected a random until meeting the dtatistical
requirements:

Fn X Ny > 500, where Fy, is the number of grid
squares counted, and N+ is the total number of
particles counted in Fy sguares.

A background count will be run on a new filter from
the same box from which the sample filter was ob-
tained. This background count should be subtracted
from the sample count. For best results, the exact filter
used for testing purposes should have the background
count established. If the background count is 10% of
the estimated sample count, a larger sample volume
must be established.

CALCULATIONS.

To calculate the total number of particles > 5 microns
and fibers on the filter, multiply the count of each cat-
egory by 100/F, where Fy is the number of grid
sguares counted. (There are 100 grid squares on the
effective filtering area of the filter. ) To compute the
number of particles per square foot of fabric, multiply
the total filter count obtained above by 20, providing
that five areas of garment were sampled. (Let the total
number of areas samples be F,.)

NOTE

Each garment sample area is 1/100 square foot
designed into Assembly and Adapter (Figure B-1).
Five sampling areas provide a garment sample of
1/20 sguare foot.

Report results in terms of total particles per square
foot in the two categories. These represent the particles
and fibers per square foot of fabric removed from rep-
resentative areas of the garment.

(1) Particles > 5 microns.

(2) Fibers.
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B.10 FACTORS AFFECTING PRECISION AND
ACCURACY.

a. The precision and accuracy of this method can be no
higher than the sum total of the variables. In order to
minimize the variables attributable to an operator, a
trained microscopist technician is required. Variables
of equipment are recognized by the experienced mi-
croscopist, thus further reducing possible error.

b. The 500 count method has been determined to have
merit. Since the possibility of having from 2 to 5
specimens per referee investigation exists, the fatigue
factor is less than that for more time-consuming meth-
ods of counting.

c¢. For training personnel, low to medium concentration
specimens may be prepared on a grid filter and pre-
served between microscope slides as standards for a
given laboratory. Standard specimens are commercially
available.

TO 00-25-203

B.11 EXAMPLE.

Sixty particles 5.0 microns and larger were collected on 30
grid squares when five 0.01 square-foot areas were sampled
on a clean room garment.

Fn = 30 grid squares

N+ = 60 particles

FA.= 5 areas sampled

Fn X Nt= 30 x 60 = 1800 > 500

Total particles x 100 « 1.00
Fy Fa x 0.01

Particles/Ft?
100 100 6000 _ 4000 part/
0 X5 —*XEoo) - 15 F&2

B-5/(B-6 blank)
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